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Fo reword

he United States is in the midst of a fundamental restructuring of its

communications and information technology infrastructure. Con-

gress, the executive branch, and the states all are attempting to deter-

mine how to combine the country’s many different networks—tele-
phone, computer, cable television, cellular telephone, satellite, and
broadcasting—into a broader National Information Infrastructure (NII). The
private sector is spending billions of dollars developing systems to bring a wide
variety of improved services to businesses and consumers. Wireless technolo-
gies, including radio and television broadcasting, satellites, cellular and other
mobile telephones, and a variety of data communication systems, make up one
of the most vibrant elements of this new telecommunications order, and will
offer the American people new and more flexible ways to communicate with
each other, access information resources, and receive entertainment. However,
realizing the benefits of wireless technologies while avoiding potential ob-
stacles and adverse consequences will require a long-term commitment to
overseeing the changes now being set in motion. Government and private sec-
tor representatives must cooperate to ensure that wireless and NIl goals and
policies work together.

This report examines the role wireless technologies will play in the emerg-
ing NIl and identifies the challenges that policymakers, regulators, and wire-
less service providers will face as they begin to more closely integrate wireless
systems with existing wireline networks. The report provides Congress with a
broad overview of the wireless technologies being developed and discusses the
technical, economic, and public policy issues associated with deploying them.
Potential policy options are presented to help ensure a smooth transition to an
integrated wireline/wireless NII. The report also discusses some of the techni-
cal and social implications of the widespread use of wireless technologies—
paying particular attention to the profound changes that wireless systems may
cause in patterns of mobility.

OTA appreciates the assistance of the project advisory panelists, workshop
participants, and contractors who contributed to the study. OTA also thanks the
many representatives of industry; federal, state, and local government offi-
cials; and members of the public who were so generous with their attention and
advice. OTA values their perspectives and comments; the report is, however,
solely the responsibility of OTA.
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IExecuﬂve
Summary

ver the next five to 10 years, wireless technologies will
dramatically reshape the communications and informa-
tion infrastructure of the United States. New radio—based
systems now being developed will use advanced digital
technologies to bring a wide array of services to both residential
and business users, including ubiquitous mobile telephone and
data services and many new forms of video programming. Exist-
ing wireless systems, including radio and television broadcast-
ing, cellular telephony, and various satellite and data networks,
will also convert to digital technology. This will allow them to
improve the quality of their services, expand the number of users
they can serve, and offer new information and entertainment ap-
plications. Before the benefits of these wireless systems can be
realized, however, technical, regulatory, and economic uncertain-
ties must be resolved. This report examines the role wireles~ ~~~
munication technologies will play in the evolving Natic
Information Infrastructure (NII), examines the challenges f:
policymakers and regulators as wireless becomes a more i
part of the telecommunications and information infrastruc
and identifies some of the longer term implications of the \
spread use of wireless systems and services.

BACKGROUND

The public’s imagination has been captured by notions of a
formation superhighway.” Newspaper articles, television a
tisements, and technical journals are filled with vision
communication services that allow people to transmit and re
phone calls, computer files, images, and even movies; people
working anywhere—at the beach, in their homes, or in their cars;
and hundreds of channels of entertainment programming, includ- |1
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ing movies on demand. The foundation for these Second, radio—based systems can offer more
visions, the technologies that will make them posflexible and affordable access to the nation’s in-
sible, is formally known as the National Informa- formation/communication resources—not only
tion Infrastructure. The NIl is conceived as afor mobile users, but also for those who may be
ubiquitous, interconnected series of telecommutied to a particular location. Wireless technology
nications networks and computer—based servicesan extend wire—based (telephone, cable televi-
that will allow every home and business in the nasion, and computer network) systems and provide
tion to access a never—before—seen array of adervices to people who could not receive them be-
vanced communication, information, and enterfore. Satellites already deliver video—television
tainment services and applications. Some also sggeograms, movies, and special events—directly to
the NIl as part of a larger Global Information In- homes, and many new systems and services are
frastructure (GlI) that would link the countries of being developed that could make portable phones
the world in an even wider network. and computers as ubiquitous as today’s wired
Wireless technologies will play an important phones. Broadcasting technology will continue to
role in realizing these visions. In the past severdbe one of the easiest methods for delivering in-
years, wireless technologies and services have bfsrmation to large numbers of people over a wide
come one of the fastest growing segments of tharea.
telecommunications industry. U.S. cellular phone
companies add 28,000 customers each day, and\{|RELESS TECHNOLOGIES AND THE NI
recent years have achieved annual growth ratq§ ey to realize the benefits these technologies
that, in some cases, surpass 40 percent. The Fedefer, many technical, economic, regulatory, and

al Communications Commission (FCC) recentlyg,ia) issues will have to be addressed as new

raised a'”.‘OSt $10 b|_|||on for the_ U.S. Tre"_"surywireless technologies and systems are integrated
from auctions of radio frequencies that will be

d o deli ; i bile teleph into the nation’s communication and information
used to deliver next—-generation mobile telepNoNG, ¢ sty cture. For residential and business users,

and tha Services. Sa_lles o_fsmall dishes to reCeI¥fe influx of wireless service alternatives will
television programming directly from satellites magnify and intensify the changes brought about

have peen brisk, and large businesses have besy the breakup of the Bell Telephone System in
installing computer networks connected by satelyggs “New entrants wil challenge the historical

lites to keep track of sales and to deliver 'meracfnonopolies in local phone and cable television

tive employee training. service, offering comparable packages of services
at similar or lower prices using satellites or land—
ADVANTAGES OF WIRELESS based radio towers. In the near future, users will
TECHNOLOGY have a dizzying range of services to choose from,
Consumers and businesses have found that wirbut not all systems will be compatible, and mov-
less technologies have unique capabilities that alng information between networks may be diffi-
low them to do things they either cannot do withcult. Standards that will allow this diverse mix of
wire—based systems, or cannot do efficiently anddetworks to interoperate are still several years
or cost—effectively. First and foremost, wirelessaway. As a result, however, confusion may be
technologies make mobile communication pos€ommon as users are confronted with choices un-
sible. People can use cellular telephones to makenown in the past.
and receive phone calls while they are walking, Rapid technological change, uncertainty about
driving, flying, in a boat, or on a train. They canwhat customers really want and will pay for, and
use computers equipped with radio modems tan outdated regulatory structure that is in the proc-
send and receive data and electronic mail. Thegss of being overhauled all contribute to a dynam-
can stay connected wherever they are. ic, but chaotic, marketplace. Despite the “hype”
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surrounding new services, many of the systemm regulation, and technical opportunities for inte-
that get the most attention—personal communicagrating systems and services. Administration po-
tions services (PCS) and low—Earth orbiting satellicies, legislation now being debated in Congress,
lites (LEOs), for example—are not yet opera-and evolving state and local regulations will have
tional, although some experiments have been coan important impact on how competition will de-

ducted. Technical challenges still exist in deploy~velop and the role of wireless technologies in the

ing new wireless systems, and, as one executivgll.

put it: “Much of the Buck Rogers stuff is going to

take awhile.r Customer demand continues to beIMPLICATIONS AND POLICY ISSUES

unfocused. Service providers believe there is
great untapped demand for wireless—and esp
cially mobile—services, but no one knows exact
ly what customers want and will be willing to pay
for. From a regulatory and economic standpoint
the role of wireless in the NIl is similarly unclear.
Companies will compete in some markets while
cooperating in others, and the structure of the in:
dustry and its relation to the wireline network an
companies will likely change in response to mar-
ket forces.

The evolution to a competitive environment
will be challenging for the different segments of
the wireless industry. Competition for customerss
in the future NIl is expected to be fierce—profit
margins are likely to be low, many service provid-
ers may not survive, and industry consolidation is
likely. Some analysts have questioned whether
existing populations can support a plethora of mo-
bile service providers that includes cellular, spe-
cialized mobile radio (SMR), paging, PCS, and
satellite—delivered communications. The eco-
nomics (cost structure and demand) of some of

these services are poorly understood, and re-
searchers are just beginning to explore systems
and services that have not even begun operating.

In part because of these underlying uncertain=
ties, the structure of the industry is likely to be re-
markably fluid. Over the next several years, many
new companies will enter the various wireless
markets—some will fail, some will succeed, and
some will be bought up by larger concerns or
merge with competitors. This dynamism will be
fueled by changing economic conditions, changes

235 the United States becomes a more mobile and
Information—intensive society, policymakers and
regulators will face a number of challenges in
bringing the benefits of wireless and the Nli to all
potential users. This report identifies a number of
issue areas that policymakers should be aware of
as the NIl develops and wireless technologies be-
ome a more integral part of it. In general, given
the recent successes of some wireless industry
segments, and the nascent state of developmentin
other segments, government action currently is in-
dicated in only a limited number of areas.

Universal service.Wireless technologies can
extend service to those who do not have it.
Through competition with established provid-
ers, they may lower prices for many different
applications, making a wider range of services
affordable to many people. The evolving defi-
nition of universal service, however, is critical
for wireless providers. If universal service
comes to be defined as ubiquitous two—way
broadband access, as some groups propose, al-
most all wireless systems will be disadvan-
taged because they currently are unable to
provide this level of service.

Interconnection and standards. To realize
the vision of the NiII, the various systems and
networks that comprise today’s communica-
tions infrastructure—telephone, cable televi-
sion, satellites, broadcasters, and cellular
telephony—uwill have to connect with each oth-
er and with the new wireless communications
systems now being developed. While this may

1Ccomments of John ClendenRadio Communications Reppvol. 13, No. 7, Apr. 11, 1994, p. 27.



not be technically difficult, the process of de-
veloping the standards that will govern these
interconnections and allow different networks
to work together is becoming increasingly dif-
ficult. The result may be a patchwork of sys-
tems that do not work together or that makes it
difficult for users to exchange information
across multiple networks.

= Wireless and NIl policymaking. Early plans
for the NIl were dominated by visions of fiber-
optic networks crossing the nation and linking

4| Wireless Technologies and the National Information Infrastructure

use are exacerbated by the lack of research on
fundamental issues, including the characteris-
tics of mobility, the economics of the wireless
industries, and the possible health effects of
wireless devices and systems. The longer term
implications of the use of wireless services on
personal lives and business productivity and
organization are unknown. Especially impor-
tant are questions relating to scale—as more
people and businesses use wireless services,
new and unexpected effects are likely to

every home and business; as a result, the unique emerge. For example, interference between dif-

contributions of wireless technologies went
largely unnoticed. On the other hand, policies

ferent wireless devices could become a more
serious problem.

guiding the development of wireless systems= Federal/state/local jurisdiction. As wireless

were actively formulated, but generally were
not placed in an NIl context. Today, policymak-

systems have become more common, ques-
tions relating to regulation and jurisdiction

ers in Congress, the FCC, and the executive have grown more controversial. The federal

branch are more actively promoting wireless as
an integral part of the NII.
Spectrum policymaking. The rush to wireless

government has a long—standing responsibility
to promote nationwide communications sys-
tems that benefit the public. This goal, how-

technologies and systems has created conges-ever, is increasingly coming into conflict with

tion in many popular bands of radio frequen-
cies. Given the potential demand for wireless
—especially mobile—services, it is likely that
spectrum will continue to be in short supply for
some applications. Policymakers are having
difficulty balancing the needs of existing ser-
vices with emerging applications. New ways of
managing the spectrum may be needed.
Research. The uncertainties surrounding al-
most all aspects of wireless development and

the historic rights of states to govern commu-
nications services within their borders and the
efforts of local governments to maintain con-

trol over how local lands are used. Finding
locations for the antennas required to provide
cellular or future personal communication ser-
vices, for example, is becoming more difficult

as communities seek to exert control over
where the towers can be built.



Introduction
and

Policy
Issues 1

Wireless communications technologies are poised to

bring dramatic changes to the nation’s telecommunica-

tions and information infrastructure, reshaping how

people communicate, access information, and are en-
tertained. These technologies, which use radio waves instead of
wires to transmit information, already play an important part in
the daily lives of almost all Americans. For more than 70 years,
radio and television broadcasters have entertained and informed
millions of people each day. Satellites connect the countries of the
world, allowing people to converse, share information, and trans-
act business. Most recently, cellular telephones have extended the
reach of the public telephone system to people who are on the
move or beyond the reach of traditional telephones.

Over the next several years, use of wireless technologies is ex-
pected to grow dramatically as a wide range of new radio-based
communication, information, and entertainment services and ap-
plications is introduced, and the prices of both equipment and ser- ./

better sound, 3) digital radio broadcasting that will offer cryst ( )))
clear sound as well as a range of information services, and 4) a

of computer and information services. These emerging wirele &
technologies, along with existing wireless services, will become

an integral part of the nation’s evolving telecommunications and
information infrastructure—more formally known as the Nation-

al Information Infrastructure (NII).
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Wireless systems offer many benefits for indi-tion and communication “haves” and “haws”
viduals and businesses, but a number of chalfechnical, regulatory, and economic policy deci-
lenges must be overcome before wirelessions will be required to ensure that the benefits of
technologies can be effectively integrated into thevireless are realized to the fullest extent possible,
NIl. Residential and business users, for examplayhile minimizing the potential disadvantages for
will have a wider range of communication, in- individuals, business, and society as a whole.
formation, and entertainment services to choose

from, but systems may not work together andREQUEST FOR THE STUDY
switching between service providers could be dif-ryg jnitial focus of NIl initiatives was primarily

Ilcur!t. VIV|r(_aIess (cjompa_mles t;NIt” offer ?_t_rangel_(lzfon wireline technologies. Some visions of the NIl
€chnologies and Services, but Compettion IS K€z oo aq 1o ignore wireless technologies complete-
ly to be intense in many markets and the long-ter

T, failing to recognize the uni nefits th
outcome of current policy initiatives—on inter- Y. g ecognize the unique benefits that

. . . . wireless systems offer. Other views of the NIl—
connection of networks, universal service, and in- I i .
. . declared “technology neutral’—addressed wire-
dustry structure—remains uncertain. Som . : .
ess technologies as just another delivery method,

wireless technologies will complement existingb tgenerally failed to take int tth il
services and networks, but many will also com- utgenerallytaiied totake into accountine specia

pete with the traditional communications and in_chgllenges that vywel_ess §olut|ons will pose for
formation  providers—telephone  companies national communications infrastructure. Most Nl|

computer networks, broadcasters, and cable tel@ans concentrated on developing the necessary
vision companies. The economics of wireless syshfrastructure primarily through the expansion of
tems are not yet well understood. In this uncertaiff’® €xisting telephone network, cable television
and rapidly changing environment, poIicymakersSyStemS’ and national cpmputer networks (such as
and regulators will have to be vigilant in monitor- the Internet and the National Research and Educa-

ing the effects of policies and rules already put irfion Network). Even today, most observers and
place. telecommunications analysts believe that the
Finally, the deeper implications of the wide- backbone of the NIl—the high-capacity links that
spread use of wireless technologies and servic#¥ll bind together the disparate networks that will
are not well understood. With the exception ofmake up the Nll—will be primarily based on fib-
television and radio broadcasting (and perhaperoptic technology.
cellular telephony), radio-based systems have not The role of wireless technologies in the NiIl,
yet penetrated deeply into the social and organizd»owever, has never been fully developed by either
tional fabric of American society and businessthe Administration or Congress. Wireless propo-
This is expected to change rapidly as technologiesents, especially in the broadcasting and satellite
come into more widespread use as true mass-maremmunities, have attempted to have their sys-
ket products. Once large-scale use begins, the hitems more directly included in NIl discussions,
den impacts—both positive and negative—ofand their efforts have been somewhat successful.
wireless access and mobility will become cleareiWireless technologies are generally recognized by
While the benefits of ubiquitous communicationsmost policymakers as an important way to access
and awider range of services are important, poterthe NII, but the general bias toward wire-based
tial problems remain regarding security, privacy,NIl systems remains. To broaden understanding
health effects, and social/organizational upheavef these issues, the Committee on Science, Space,
al—including widening the gap between informa-and Technology (now the Committee on Science)

1 Joseph N. Pelton, “CEO Survey on the National Information Infrastruciieleéommunicationsol. 28, No. 11, November 1994.
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BOX 1-1: Scenario—Wireless Technologies in Health Care

Scenarios scattered throughout this chapter sketch some possible visions of what wireless technolo-
gies and systems can and cannot do, discuss some of the implications of their widespread use, and
provide some of the potential downsides. These scenarios are set in the not-too-distant future, and, in
fact, many of the applications described below are already being tested or deployed.

Ellen, a nurse in a big city hospital, does her rounds with an electronic clipboard. After checking her
patient’s temperature, pulse, glucose levels, and breathing, she enters the data directly on her clip-
board. The information is immediately transmitted to the hospital’s patient data network via a wireless
link between her clipboard and the hospital’s computer network,

A doctor wanting to talk to Ellen about dosages for a patient undergoing chemotherapy reaches her
on her handheld phone. She is reminded how much easier the phone makes it to stay in touch. Only
last year she had to listen for pages on the building loudspeaker, and often had to wait to get to a
phone to call back. She calculate once that she spent two hours per week, on average, just waiting to
be called back or trying to get in contact with the doctors on duty.

As she is checking on another patient, Ellen’s pager signals that a staff meeting is beginning. Work
schedules and patient loads are going to be reorganized and Ellen is opposed to one of the changes
being proposed. She wants to canvas her colleagues and mobilize the opposition, but prefers to do this
face to face, because it is a delicate matter. She calls up the personnel locator program on her elec-
tronic clipboard, which indicates that three of the 14 day shift staff are in the nurses’ lounge One of
them is new—she can't recall the face, so she asks the hospital's computer for a photo.

Midway through the meeting, Ellen’s pager signals that she is wanted in the emergency room receiv-
ing area :a gunshot victim and multiple automobile accident victims are being brought in simultaneous-
ly. Preliminary information on the patients is being sent in from the ambulance, so Ellen calls the emer-
gency room receiving program. As she is running to the receiving area, she is informed that the gunshot
victim is a white male, 23 to 26 years old, his blood pressure is dropping rapidly, his blood type is B
negative, he is likely to be a diabetic, and he has been taking antidepressant medication, Quickly, she
grabs the appropriate IV units on the way down the hall, and is not surprised to see the other medical
staff who will attend to this patient already there. In the emergency room, instant communication is cru-
cial—a quick response and good information saves lives,

SOURCE: Office of Technology Assessment, 1995.

of the House of Representatives and Representa-
tive Michael Oxley asked the Office of Technolo-
gy Assessment (OTA) to study the role of wireless
technologies in the emerging NH.

SCOPE OF THE STUDY

This report considers how wireless systems and
services can contribute to the development of a na-
tional information infrastructure and what specif-
ic impacts the NII, as presently conceived, may
have on the development and deployment of new
and existing radio services. Because of the breadth
of the subject, not al technologies and issues can
be analyzed in detail. Rather, this report is de-

signed to serve as a general introduction to wire-
less technologies and services and the
opportunities and problems they may giveriseto
in the context of the NII. It surveys most of the ma-
jor wireless applications now being developed
and identifies the most important issues arising
from their implementation and use. Issues need-
ing further study are identified. Some policy op-
tions for Congress are identified, but are limited
primarily to broad issues that could affect the
evolution or impacts of wireless technologies.
The study does not discuss generic NIl is-
sues--copyright, investment, or information con-
tent, for example—nor does it address severa
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aspects of wireless communication that, whilgrate technology advances or policy choices where
critical, are outside the scope of present workappropriate. Likewise, OTA recognizes the im-

First, the report does not address the special needsrtance of foreign markets for U.S. wireless

and contributions of private radio systems—in-equipment manufacturers and service providers.
cluding those systems used for public safety. OnlyPromoting the competitiveness of U.S. firms in

those systems available for use by the general pubiternational wireless products and services
lic or businesses are included. Private radio sysshould be an integral part of domestic policymak-
tems, while often used to meet important publidng.3

safety and emergency preparedness needs, cannot

be used by the public. However, during the coursBACKGROUND: THE NII

of this study, OTA has noted the challenges facinghe (. s. telecommunications infrastructure is al-
the public safety community in the use of rad'oready among the best in the world, providing
communications to fulfill its various missions, in- high-quality communication, information, and

cluding severe shortages of capacity, incompatgniertainment services to over 90 percent of the
ible radio systems that hamper cooperation it opulation?

emergency relief efforts, and rising communica-
tion needs in a period of budget cutbacks. Thesé
problems deserve much greater attention than
they could be given in this report, and should be'
the focus of a separate inquiry.

The report also does not directly address the in-
ternational aspects of wireless technologies or thé
NII. Prior OTA reports on the international as-
pects of both wireline and wireless communica-" ; )
tions found that domestic and international CENtof American homes having an average of

telecommunications policy need to be more close- V€ radios;

ly coordinatec® OTA continues to believe in the " cellular telephone service is available to about

importance of viewing domestic telecommunica- 92 Percent of the population, covering 50 per-
tions policy in an international context, but chose €Nt of the geographic area of the United States

to limit the scope of the present report to domestic (includ-ing Alaska, which has large unserved
issues for purposes of clarity and length. The re- 2r€as);
port uses examples from other countries to illus-

telephone service is available to 93.8 percent of
American households;

cable television service is available to almost
95 percent of U.S. households, 63 percent of
whom subscribe;

94 percent of U.S. households can receive at
least five broadcast television stations;

radio broadcasting is ubiquitous, with 99 per-

2U.S. Congress, Office of Technology Assessnigms, 1992 World Administrative Radio Conference: Issues for U.S. International Spec-
trum Policy,OTA-BP-TCT-76 (Washington, DC: U.S. Government Printing Office, November 1991); U.S. Congress, Office of Technology
AssessmeniThe 1992 World Administrative Radio Conference: Technology and Policy Implic&@®AsT CT-549 (Washington, DC: U.S.
Government Printing Office, May 1993); U.S. Congress, Office of Technology Asseskh&nfelecommunications Services in European
Markets OTA-TCT-548Washington, DC: U.S. Government Printing Office, August 1993); U.S. Congress, Office of Technology Assessment,
Global Communicationén progress).

3 Office of Technology Assessmef@lobal Communicationsbid.

4 Telephone statistics are from A. Bellinfonte, Federal Communications Commisigphone Subscribership in the United Staigsil
1995; cable figures from National Cable Television Associa@aib)e Television Developmengpring 1995, and U.S. Bureau of the Census,
Current Population Surveylarch 1994; television broadcast figure from Federal Communications CommBsiad¢cast Television in a
Multichannel MarketplaceJune 1991, radio broadcasting figures from Radio Advertising BuRealip Marketing Guide and Fact Book for
Advertisers1994; cellular figures from Tim Rich, Cellular Telecommunications Industry Association, personal communication, May 4, 1995;
and computer figures from Times Mirror Center for the People and theressology in the American Household: The Role of Technology in
American Life May 1994.



Chapter 1 Introduction and Policy Issues 9

.31 percent of American households have a pe
sonal computer, 12 percent have a comput
with a modem, and about 50 percent of a
workers use computers on the job.

It is this base of technology-the existing com-
munications infrastructurefrom which the NII
will evolve. Technology advances are already im-
proving these systems, especially in terms of cal
pacity, quality, and flexibility. New wireless
technologies will extend and expand the use of ex
isting networks, and will create new links to in-
formation, allow more flexible communication,
and provide connections to new sources of enter
tainment.

[History and Purpose of the NI

The concept of a national information infrastruc- , , o
ture originally focused on the development of &y e .0 d ik ig farfung business locatons. aiow-
national computer network, the NREN, that theing researchers to keep in touch, and bringing television
federal govemmem played a key role in ﬁnancing'mages of far off events to millions of American living rooms.
and developingThe idea of the information in-
frastructure broadened, however, as telephone anibn released itsAgenda for ActiofiThat report
cable companies--driven by advances in fiberopestablished, in broad outline, goals for the devel-
tic, digital signal processing, and data compresopment of telecommunications and information
sion-began to promote their ability to provide aresources in the United States, and identified
more diverse range of services using their neta concept of how the U.S. communications and
works. information infrastructure should evolve. The
To make the most of the existing information purpose of the NlI, as described by the Adminis-
and telecommunication infrastructure, and tdration, is to enable all Americans to access the in-
bring the benefits of advanced telecommunica- formation they need; when they want it, where
tions, information, and entertainment services tothey want it—at an affordable price.
all U.S. consumers and businesses, government To serve this purpose, the Administration has
policymakers formally advanced the idea of thestated that many different technologies and sys-
NIL In September 1993, the Clinton Administra- tems will be used where appropriake.fact,

*High-Perf ormance Computing Act of 1991 (HPCA), Publicw.402-194.

“Department of Commercdhformation InfrastructureTask ForceThe National Information Infrastructure: Agenda for ActioSept. 15,
1993.

'See, for example, comments of Mike Nelson, Office of Science and Technology Policy, at theWorkshop on Advanced Digital Video in the
National Informatiorinfrastructure, Georgetown University, Washington, DC, May [0-11, 1994.

‘As explained in theAgenda for Action,the NIl is really more than just an interconnectgslies of telecommunications or computer net-
works. It encompasses:l) a wide and ever-expanding range of equiprnent; 2)the information itself, which may be in the form of video program-
ming, scientific or business databases, images, sound recordings, library archives, and other media; 3) applications and software that allow

users to access, manipulate, organize and digest [information]; 4)the network standards and transmission codes that facilitate interconnection
and interoperation between network; and 5) the people--largely in the private sector—who create the information, develop applications and

services, construct facilities, and train others to tap its potential. Department of Conopewie, footnote 6, pp. 5-6.
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BOX 1-2: OTA's Definition of the National Information Infrastructure

in discussing the integration of wireless technologies into the emerging communications infrastruc-
ture, OTA adopts a broad definition of the National Information Infrastructure (Nil). It includes all the
systems and applications necessary for the public to communicate with whomever they want and ac-
cess the information they desire. The NIl will be one-way and two-way, point-to-point and broadcast,
and narrowband and broadband. It will be an amalgam of existing systems and services and complete-
ly new technologies and applications, Different parts of the NIl will serve different functions depending
on technology and need, and some systems may serve a multitude of needs, The NIl will include satel-
lite systems, fiberoptic cable, terrestrial radio systems, broadcasting, and the telephone and cable tele-
vision networks, among others.

What will the Nil not be? Despite the singular way in which the term is used—the “NII” is not, and will
not be, one “thing, ” Rather, it will be more accurate to think of the Nil as a unifying concept or overarch-
ing idea that brings together all the different systems, technologies, and applications that are necessary
for people to communicate, access information, and be entertained. Just as the transportation infra-
structure of this country is more than just the interstate highway system—it consists of roads, railroads,
aircraft, passenger cars, trucks, and ships—so, too, will the NII consist of more than just an “information
superhighway. ” It will also include all the different, lower speed “on and off ramps”—the many local
connections that provide access to the network.

Nor will the NIl be, as some have suggested, a huge collection of completely interconnected net-
works capable of transmitting interactive voice, data, and video among all businesses and citizens.
Rather, the NIl will be a collection of many different kinds of systems. Some general-purpose systems
may indeed be capable of carrying two-way, high-bandwidth, multimedia communications, but many
other systems will carry only certain kinds of information (voice/data, but not video) or will carry it only
one-way (broadcasters),

In addition, not all of these different subsystems will be completely or directly interconnected. Rather,
the interconnections will be based on practical and/or economic considerations. It may not make
sense, for example, to connect a phone system to a television broadcast station. The existing public
switched telephone network may serve as a “core” network that serves as a common point of intercon-
nection for many smaller networks, Finally, the NIl will not evolve out of the Internet—the name given to
a worldwide network of interconnected computers. The Internet will be only one of the many parts com-
prising the larger concept that is the NII.

SOURCE: Office of Technology Assessment, 1995,

most analysts today think of the NIl not asasingle
system, but as a “system of systems’ or “network
of networks’ that will carry voice, data, and video
communications to homes, businesses, schools—
to people wherever they are. It is unclear, how-
ever, just what the public thinksthe NIl is. In the
popular press, it is often referred to as the “in-

formation superhighway.” This may connote, in-
correctly, a separate system that is to be built in
addition to existing cable, telephone, and comput-
er networks. For purposes of this report, OTA de-
fines the NIl quite broadly (box 1-2).

To bring the NIl into being, the Administration
has identified five overarching policy guidelines
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that will serve as the framework for developing low-cost services, high reliability, and personal
not only wireline NIl services, but wireless sys- privacy and security.
tems and applications as well.

1.

. A commitment tainiversal serviceeeks to en-

. Private investmenwill be the source of almost

Competitioris seen as the engine that will drive [J Information Infrastructure Task Force

private sector investment in the NI, allowing To guide its development of policies for the NI,
companies to compete on fair and equal termshe Administration formed the Information Infra-
while stimulating efficiency and innovation. strycture Task Force (IITF) in 1993. It is com-
Competition is also believed to lower costs forposed of high-level representatives of the federal
consumers, increase choices and diversity iBgencies that play a major role in the development
information sources and entertainment, andynqg application of communication and informa-
protect quality and reliability. tion technologies and those that rely on commu-
. X _ nication and information technologies to deliver
sure that NIl services wil be' available to _aII their services. To gather private sector input and
who want them, regardless of income, IOCat'onralssist the IITF, President Clinton established an

or ethnicity. This commitment has been theAdvisory Council on the NI¥9The IITF operates

foundation of the telephone system for MOT€ nder the aegis of the Office of Science and

:E:ncggn){g/airsség;?orﬁzl:/t :Itggzthg\r/]ir.yone IIFechn(_)logy I_Dolicy_ and the National Economic
Council, but is chaired by the Secretary of Com-
merce. Much of the staff work and administrative
gupport for the IITF is done through the National
NII. Government agencies, however, Wi”oper_TeI(_ecommunlcatlons and Information Adminis-
ate publicly accessible databases and their owfiation (NTIA) of the Department of Commerce.

telecommunications and information net- Functionally, IITF's work is divided among
works. three main committees: telecommunications

all funding for the NII; the government will not
build or operate the systems that comprise th

. Open accessieans the networks that will carry Policy, information policy, and applications.

the information and entertainment will be OpenThese committees have delegated specific tasks or

to all users—distributors of programming asresponsibilities for certain issue areas, such as pri-
well as residential and business consumers. Vvacy, reliability, universal service, health, etc., to

. Flexible government regulatiois recognized individual working groups! Although several of

as vital to promoting the goals outlined abovethe working groups may cover wireless technolo-
Regulations must seek to promote fair competigies in the context of their broader work, none
tion and private investment in rapidly changingdeals specifically with wireless as a separate area.
technology and market conditions; they mustGiven this lack of focus, it is unclear to what ex-
also protect consumers’ interests by ensuringent wireless technologies play a role in the com-

9 TheAgenda for Actiororiginally identified nine principles that would guide the NIl initiative: 1) promote private sector investment; 2)

extend universal service—ensure that information is available to all at affordable prices; 3) promote technological innovation and new applica-
tions; 4) promote seamless, interactive, user-driven operation; 5) ensure information security and network reliability; 6) improve management
of spectrum; 7) protect intellectual property rights; 8) coordinate with other levels of government and other nations; and 9) provide access to
government information and improve procurement. These nine principles were collapsed into five over time. See, for example, remarks by Vice
President Gore at the Federal-State-Local Telecomm Summit, Washington, DC, Jan. 9, 1995.

10 Clinton, W. J., President, United States, “Executive Order 12864—United States Advisory Council on the National Information Infra-

structure,"Weekly Compilation of Presidential Documewtd 29, No. 37, Sept. 20, 1993, p. 1771.

11For more indepth information on the structure and accomplishments of the Information Infrastructure Task Force, see U.S. Department of

Commerce, Mtional Information Infrastructure: Progress Report September 1993;1®8dember 1994, especially appendix B.
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mittees’ deliberations, and how well the specificservers have offered their own visions of what it
benefits and problems associated with wirelesshould be and what needs it should serve. How-
are being considered. Another IITF workingever, no real agreement has been reached, and, in
group, the Technology Policy Working Group hasmany cases, it has even been difficult to agree on
addressed wireless technology in some of its digsommon terms of reference. Some have pointed
cussions as part of its mandate to examine crosgut thatthe Nllis all things to all people—that def-
cutting technology issues. Government activitiednitions are as varied as those who create them.
and policy initiatives relating to the NIl and wire-  In the past eight months, the concept of “the

less systems are discussed in more detail in appeN!I” has become even more amorphous, eclipsed
dix B. by broader efforts to overhaul regulation of the na-

tion’s telecommunications industries. Some even
O Industry Initiatives call the NII “quaint. _ A subtle shift has occurred
q h ) i ];[hat places competition at the center of the tele-
Industry, as the primary builder and operator of.,mynications policy framework rather than the
the evolving NII, has been an active participant iy as a result, the NIl now seems to be defined
the F’E"C{ development p;]rogess hsmc;af before thgs\yhatever a competitive marketplace creates as a
moniker, NII,” was attached to the et ort. Innu- roqit of deregulated telecommunications and me-
merable industry groups and consortia have p_roaia competition—it has been reduced to a byprod-
duced vision statements and proposals, lobbiefics rather than the result of a specific vision or

Congress, and testified at federal, state, and loc |an Policy efforts seem directed more toward
hearings on all aspects of the NIl. At the sam(gn '

. 1 f the tel S . meeting Nllgoals—access, diversity, low prices,
time, all segments of the telecommunications Ny, 4 interconnection—through the engine of com-

dEStrﬁ’ ;’V'rsl',rllg ;nq wireless, h:ve beeln MOVINGetition as opposed to creating “an NII.” Wireless
ahead to build their systems. A complete overy, \yireline policies are still rarely linked explic-

view of i.ndustr)_/ acti\_/ities regarding the NII itly, but they are being developed under the same
would be impossible, given the scope and depth et of unifying principles—a dedication to com-

their work and the fact that almost everything in- etition. Despite this coalescendmwever, no

dustries do could be considered Nll-related in On%ng-term vision of how wireless systems wil fit

way or another. Such areview is beyond the SCORfito the NIl exists or is being developed, and the
of this report. marketplace is being relied on to sort out the de-
tails.
[J The NIl Today Despite the continued vagueness of the overall
The main challenge in building the NIl will not be NII concept, however, intensive research, exper-
technical—the basic technologies that will formimentation, and other development work is being
its foundation are already in place or being develdone on its various parts. Technology vendors and
oped, and standards are being written that will perservice providers continue to develop and refine
mit different devices and networks to interoperatetechnologies and applications they believe will
The biggest obstacle to moving the NIl forward isbecome part of the NII. The federal government
the lack of consensus on what it should encompasg&s sponsored or organized many discussions—
and, as a result, what policies, administrative prowith both public and private sector input—on the
cedures, and regulations are needed to deploy issues of universal service, interconnection, and
Beyond the broad concepts outlined by the Adprivacy, among others. Many people—in both
ministration, the vision of the NIl has remainedgovernment and the private sector—have invested
vague and somewhat ill-defined. Different inter-considerable time and effort to advance the ideas
est groups, government leaders, and industry olof the NII, but questions still remain about what it
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is, what it will do, how much it will cost to devel- cally---with or without the NII---as users become
op, and when its benefits will be available. more familiar with them and as applications that

Some analysts and citizens question the wisimeet real needs are developed.
dom of pushing ahead with such a massive under-

-taking while fundamental questions-abest WHY ~ WIRELESS?

real Need for the NII, what its functions will be, While estimates of demand and future subscriber
and what negative effects it might have-remainrates vary considerably, most analysts believe that
unanswered. Many of these same questions alsowireless telecommunications will become widely
apply to the deployment of wireless in the NH. available over the next decade. Demand for mo-
OTA has argued that deploying technology solu-bile access to telecommunications networks and
tions before assessing the needs of the users is régrvices is growing, and many companies--old
likely to lead to the best solutioridVhile such ~and new—are rushing to get into the wireless
questions are important and valid-and should béusiness. But what is driving the trend toward
carefully considered-events appear to have overwireless technologies?

taken this type of carefully planned approach. The
NIl is already being built, and it would be virtually
impossible to stop it. Further, even if one could
start over, the rapid pace of technology develop-
ment has made the concept of “needs’ 'highly indi-
vidualistic and subject to rapid change-making
them difficult to rationally identify and plan for on
abroad system level. This report examines some
of the important issues surrounding the deploy-
ment of wireless systems in the NII, while ac-
knowledging that some of the most fundamental
questions about the NII have become moot.

The NII concept has served to focus more atten-
tion on telecommunications in general. It has also
given added impetus to wireless development ef-
forts, but industry analysts and stakeholders be-
lieve that wireless would be just about where it is
today even without the NII. Perhaps more impor-

Lk YH

V4 4
-l
>

tantly, there is a WideSpread belief that deve|0p-Portable computing devices allow users to send and receive
e ctronic mail, access online services and exchange files
ment and use of radio-based systems arjvg

. . . . h other users. The combination of portability and connec-
technologles will continue to expand dramati- tivity is driving many new applications of wireless technology

“Pelton, op. cit., footnote |,pp. 27-34. Despite a wealth of conferences, papers, and public hearings, for example, the debate over universal
service continues. Different segments of the service provider community remain split over how best to deliver an evolving “universal service”
“Universal Service Consensus Eludes NTIAT&lecommunications Reportspl. 60, No. 52, Dec. 26, 1994.

“I'n comnents on this report, one reviewer noted: “In essence,what we are doing is that we are building a system’s structure without know-
ing what its function is or ought to be.When one would design most other systems or for that matter, e.g., a building, one typically would first
start with function from which structure follows. With the NIlI, and with wireless infrastructures as well, | believe we ignore this thinking and we
start first with structure....shouldwe not raise the basic question as itwill probably be inevitable that many dysfunctions are the result of building
a structure, i.e., happily paving the NII?” Rolf T. Wigand, personal communication, Apr. 28, 1995.

“U.S. Congress, Office of Technology Assessméiriking for Learning:A New Course for Educatio®TA-SET-430 (Washington,DC:

U.S. Government Printing Office, November 1989).
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Cellular telephone

TABLE 1-1: U.S. Wireless Telecommunications Service Subscribers and Growth Rates, 1984-94

Cellular telephone

Pagers in use Pager growth rate

subscribers (millions)  growth rate (percent) (' millions) (percent)
1984 0.09
1985 0.34 278 45
1986 0.68 100 5.4 20
1987 1,23 81 6.5 20
1988 2.07 68 7.8 20
1989 351 70 9.4 21
1990 5.28 50 11.2 19
1991 7,56 43 134 20
1992 11.03 46 15.3 14
1993 16,01 45 19.3 26
1994 19,28* 20

® Through June 1994. All others at year end.

SOURCES: Cellular Telecommunications Industry Association, Personal Communications Industry Association, Telephone Industry

Association, and National Cable Television Association, 1995.

To understand the role radio-based technolo-
gieswill play inthe NII, it is necessary to under-
stand the factors driving the demand for wireless
services, aswell asthe technological capabilities
and advances that are making new applications
possible. Each of these factors—technology push
and demand pull—is working independently to
fuel the rush to wireless, but they also sustain and
reinforce each other. This section describes the
technical and sociological context in which wire-
less technologies and services are evolving and
that simultaneously underlies the transition to the
NII.

OWireless Growth Estimates

Much of the excitement that surrounds wireless
communications is based on assumptions analysts
and companies make about what people and busi-
nesses want, but there is little agreement on how
big the potential market for wireless might be.
Most analysts base their estimates of future wire-
less growth on the diffusion of cellular telephone
service and, to a lesser extent, on saes of portable
computers. The growth rate of cellular telephone

service is high, running about 45 percent per year
in the United States until 1994, with comparable
rates in other developed countries. 15 Paging,
another widely used service, has experienced
growth rates of about 20 percent per year for near-
ly a decade (table I-1). In another measure of po-
tential demand, NTIA recently completed a study
of future spectrum requirements that indicated
that more than 400 MHz of additional spectrum
was needed to support a growing range of wireless
services.”

As aresult of such findings, there is growing
consensus that the demand for some kinds of wire-
less servicesis likely to be very high. Some ana-
lysts believe that as many as 100 million people
will use some type of wireless telecommunica-
tions device by the year 2010. The following table
of projected demand demonstrates both the trends
and the variations in demand, but do not necessari-
ly reflect OTA’s assessment of the extent of the
market (table 1-2).

All data or forecasts relating to future demand
for wireless services must be regarded cautioudly.
Projections vary widely, reflecting different in-

*Compound annua growth rates (1990-92) in other countries range from 16 percent in the United Kingdom to 54 percent in Australia to
115 percent in Taiwan. Statistics cited in “1TU Deems Cellular Telephone Growth ‘ Truly Explosive,”” Mobile Phone News, June 20, 1994
“U.S. Department of Commerce, National Telecommunications and Information Administration, U.S. National Spectrum Requirements:

Projections and Trends, Special Publication 94-31 (Washington, DC: U.S. Government Printing Office, March 1995).



Chapter | introduction and Policy issues 15

TABLE 1-2: Wireless Technologies Subscription Forecast, 1993-2003

1994 2000 2005

Subscribers Penetration Subscribers Penetration Subscribers Penetration
Service (millions) (percent) (millions) (percent) (millions) (percent)
New PCS 14.8 5.4 39.4 13.1
Satellite 0.1 0.0 1.3 0.5 41 1.4
Narrowband/Paging 245 9.6 56.2 20.4 92.2 30.7
Dedicated data 0.5 0.2 3.4 1.2 5.7 1.9
Cellular 23.0 9.0 46,9 17.0 65.4 21.8
SMR/ESMR* 15 0.6 5.2 1.9 9.0 3.0
Total 34.1 13.4 79.7 28.9 136.3 45.4
Total voice services 14,6 5.7 48.2 175 96.5 32.1

Note: The following U.S. population figures were used: 1994-255 million, 2000--275.8 million, 2005-300.3 million.
Note: Total subscriptions include individuals with multiple subscriptions across services (i.e., there are more subscriptions than subscribers).
*SMR/ESMR = Specialized Mobile Radio/ Enhanced Specialized Mobile Radio

SOURCES: Personal Communications Industry Association, “1994 PCS Market Demand Forecast,” (Washington, DC: Personal Com-
munications Industry Association, January, 1995); Personal Communications Industry Association, "PCIA 1995 PCS Technologies
Market Demand Forecast Update, 1994 -2005,” (Washington, DC: Personal Communications Industry Association, January, 1995).

dustry definitions, assumptions, and biases. The
data are highly uncertain and projection methods
themselves crude and imprecise. Great uncertain-
ty underlies all these numbers.

OTechnology Trends and Drivers

Rapid advances in technology are the most vis-
ible, and one of the most important, drivers in the
development of the NIl and wireless services.
Over the past five years, advancesin information
and communications technology have greatly ex-
panded the capabilities and flexibility of existing
services, while also making possible a whole
range of new services, including wireless. Cellu-
lar, PCS, and Enhanced Specialized Mobile Radio
(ESMR) services, for example, are the result of
improvements in computer processing, battery
technology, miniaturization, and new digital sig-
nal processing and transmission techniques (box
1-3). New satellite services are the result of ad-
vances in digital compression technologies and
improved computer processing-in both the pro-
vider's network and in consumer equipment. Cur-

rent development efforts promise to bring users
even more features and advantages in the future.

Technology advances have a two-fold, some-
what paradoxical, impact on the development of
wireless technologies. First, as noted above, ad-
vances make new applications and services pos-
sible. As new services are introduced and existing
services are improved, however, more people use
them, sometimes resulting in congestion and
“crowding” of the most popular frequency bands.
Cellular telephones are now so popular that, in
some areas, it can be difficult to place a call during
rush hour because the cellular system is full.
Technology advances, however, can aso help
solve these capacity and congestion problems.
New technologies enable more efficient use of the
spectrum by squeezing more users into existing
bands, and by alowing radio frequencies to be
shared more easily among different kinds of ser-
vices.” Cellular service providers are now instal-
ling digital technology to add capacity to their
systems and provide clearer calls.

"For a discussion of the range of solutions to spectrum crowding, see U.S. Department of Commerce, National Telecommunications and
Information Administration, U.S. Spectrum Management Policy: Agenda for the Future, NTIA Special Publication91 -23 (Washington, DC:
U.S. Government Printing Office, February 1991), p. 13; and Richard Gould, “Allocation of the Radio Frequency Spectrum,” contractor report
prepared for the Office of Technology Assessment, Aug. 10, 1990.
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BOX 1-3; Wireless Technology Trends

Miniaturization

A key technical factor pushing the development of wireless technologies is the rapidly shrinking size
of radio components. Advanced technology has enabled increasing numbers of functions to be per-
formed by a single chip and at higher speeds. This allows manufacturers to produce telephones, pag-
ers, and computers that are smaller, lighter, and consume less power. The limiting factor to the size of
some of today’s products is no longer the chips needed to make them operate, but the physical charac-
teristics of the people who use them—Kkeys that are too small to easily type on or dial are not very use-
ful,

Battery Technology

The problems associated with powering today’s portable devices continue to frustrate and annoy
many wireless users. The batteries required to run portable cellular phones and computers are usually
heavy and/or provide limited hours of operation, and they can be expensive. A number of develop-
ments in battery technology may remedy this situation. Some involve new technologies, such as nickel
metal hydride (NiMH) and lithium ion (Lion) batteries. Another solution being developed is a zinc-air
battery that draws oxygen from the atmosphere to extend its life to 15 continuous hours. Power-saving
solutions that make smarter use of battery power by the devices themselves hold promise for extending
battery life further. More power-efficient displays and more efficient sleep modes are examples of ways
in which small improvements could yield significant benefits in battery life.!

Frequency Reuse

Capacity is a major problem with many mobile communication systems. In any given area, when a
specific frequency is in use it cannot be used for other purposes or by other users.”Radio waves, how-
ever, travel limited distances (see appendix A) before they fade out; beyond that point, a specific fre-
guency can be reused without interfering with the other signal. This is the principle that underlies cellu-
lar telephony. Within a geographic area encompassing many cells, the same frequencies might be
used up to six times. Shrinking cell sizes and lower transmitter powers, however, are not a permanent
solution for increasing capacity. There are limits on how small a cell can be and how low power can go
while still maintaining adequate quality.

Use of Higher Frequencies
As the lower frequency bands have become increasingly crowded, engineers have begun to devel-
op technologies that would use higher, less crowded frequencies.’As was the case in extending terres-
trial frontiers, developing higher frequencies is difficult and expensive. In addition to the cost of devel-
oping new devices that will operate at the higher frequencies, transmission problems typically worsen
at higher frequencies. Some of those problems, such as increased attenuation due to rain, appear to be
surmountable only by brute force-by increasing transmitter power. In satellite systems, power must be
increased at both the original transmission (uplink) site on Earth and on the satellite itself. Increased
satellite power greatly increases costs.
(continued)

'Clive Cookson, “Battery Technology: Still an Achilles Heel, " Financial Times Review, Information Technology, May 3,

1995, p.7.
This is, of course, an oversimplification. Different radio services can be designed in many ways to share spectrum
°For a recent discussion of the upward expansion of usable radio frequencies, see Edmund L. Andrew “Seeking To

Use More of the Radio Spectrum, ” New York Times, Sept. 11, 1991, p. D7.
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BOX 1-3: Wireless Technology Trends (Cont'd.)

Satellite Antennas

Advanced satellite antennas permit the use of smaller, less expensive Earth stations by making more
efficient use of available satellite power. Such antennas direct the signal toward, and concentrate it in,
areas where the intended users are located. Systems with such antennas, called spot beams, also
make more efficient use of spectrum than those with large, circular beams which waste satellite power
by transmitting beyond the limits of the desired service area. The reduction of signal levels outside the
service area permits the same frequencies to be reused by other systems serving nearby areas, in the
same way that cellular technology operates. The National Aeronautics and Space Administration’s
(NASA) Advanced Communications Technology Satellite (ACTS) system uses spot beam techniques,
and Motorola’s Iridium and the Teledesic system also plan to use them.

Spread Spectrum

Spread spectrum is a modulation technique first developed to hide military communications amid
natural noise and other signals. More recently, spread spectrum has been used to permit low-power
signals to share spectrum with other services. As the name implies, the original modulating signal is
spread over a wide range of frequencies (bandwidth) for transmission. Interference from conventional
signals or other spread spectrum signals appear as noise to the system, and can be eliminated.

There are several types of spread spectrum systems. One type, known as direct-sequence spread
spectrum, divides a radio signal’s energy over a wide range of frequencies so that a little part of the
signal appears on each frequency in the band. Frequency-hopping spread spectrum techniques
spread a signal out over many frequencies by hopping from frequency to frequency in a sequence syn-
chronized with the receiver. One frequency is not dedicated to one user, and all frequencies can be
used more efficiently. As more user/signals are added, however, the noise may eventually become too
great for good communications. New adaptations of spread spectrum techniques, including advanced
forms of CDMA may help solve some of these problems.*

Advanced radio transmission technologies that spread radio signals over extremely wide band-
widths may also provide solutions to transmission and capacity problems. Several companies are work-
ing on radios that send and receive over an extremely wide range (up to several GHz) of frequencies,
providing greater capacity than today’s channel-oriented approach, However, little is known about the
operational aspects of these devices, especially the potential interference they could cause to other
systems—and spectrum managers believe that implementing such radios, especially in already-as-
signed bands, could be extremely difficult.

‘Synchronous cpwma, e.g., is being developed for use in future personal communications systems. Jack Taylor, Cy-

link, personal communication, Mar. 14, 1991.

SOURCE: Office of Technology Assessment, 1995.

Digital Technology

Many recent communications technology im-
provements are the result of the rapid diffusion
and deployment of digital technologiesin al as-
pects of communications and information proc-
essing. Digital information is easier to compress,
transmit, manipulate, and store; and digitized

voice, data, and video are much easier to combine
into a wide range of multimedia applications.
These advances are fundamentally altering the
relationships between previously separate sys-
tems and services.

For wireless communication systems, digitally
encoded and transmitted information offers sev-
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With just a personal computer, a radio scanner, and some
software, criminals can reprogram cellular phones to steal

frequency bands are now experiencing. Time Di-
vision Multiple Access (TDMA) and Code Divi-
sion Multiple Access (CDMA), for example, are
digital transmission schemes that allow more tele-
phone conversations to be transmitted over a giv-
en bandwidth than analog technology allows (see
chapter 3). Such schemes will allow Commercial
Mobile Radio Service (CMRS) providers to dra-
matically increase the capacity of their systems
and offer a wider range of services. Broadcasters
believe that digital compression and transmission
technologies will allow them to use their existing
spectrum-which currently can carry only one
analog channel-to transmit six or more channels
of digital television programming (at today’s

service from unsuspecting consumers.

quality), one high-definition television (HDTV)
channel, or new information servicéBigitized
eral advantages over analog systems. The greatgsformation can also be more easily and effective-
benefit of digitizing radio communications is the ly encrypted, making conversations and other
ability to compress and combine multiple signals.communications more private, and preventing un-
This allows more information to be transmitted in authorized pirating of pay services.
a given time and more users to share a given
amount of srg)ectrum, thereby increasing speed antdncertainty
capacity. “APplications using digital compres- pegpite the benefits that new technologies bring,
sion techniques are spreading rapidly in many ra+apid technology advances also cause a great deal
diocommunication services. In cellular telephony,of uncertainty among users, manufacturers, ser-
for example, digital signal processing and trans-vice providers, and policymakers. Which technol-
mission techniques promise capacity up to 1@gy is best? What is coming next? With
times that of existing analog cellular systems. Sattechnology life spans now measured in months
ellite companies are reportedly working onnot years, it has become harder for consumers and
technologies that will combine up to 16 video sig- businesses to decide what services and equipment
nals on a single transponder. to buy and when.For policymakers and regula-
Combined with compression, digital transmis- tors, rapid change makes policymaking and stan-
sion techniques allow wireless system operatorslards-setting more complex. Several factors
to exploit the spectrum more efficiently andunderlie the uncertainty that now characterizes
deploy a wider range of applications serving morewireless technology development.
users. Digital transmission technologies, includ- Much of the uncertainty can be traced to the fact
ing spread spectrum, are a crucial piece of thdéhat, despite significant research and develop-
solution to the spectrum congestion some radioment, and a great deal of industry “hype,” few of

“Digital compression works by removing redundant or unnecessary information from the signal. In video transmission, for example, indi-
vidual elements of the picture that do not change from frame to frame (when the background of a scene remains the same, for example) are not
resent for eacfiame--just a code that tells the receiver/decgirno change has taken place. This allows less information to be sent, requires
less bandwidth, and allows more channels to be transmitted.

“Advanced Television (ATV) or Digital Television (DT\iicreasingly are being used in place of high-definition television (HDTV).
“The recent delay in Bell Atlantic’s planned system upgrade is evidence of theneemainies facing today's senvice providers.
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the new wireless systems are widely availablegroup has its own specific needs, there are also
PCS frequencies have just been auctioned, argeneral factors that are increasing demand. These
services are not expected to be available until lateclude the need for mobility and/or portability,
1995 or 1996; ESMR technology has beereasy access, ubiquity, and low cost.

plagued by technical problems; only one of the

LEOs systems has launched sateffit¢although Advantages of Wireless Technology

experimental satellites have been used for SOomMgjjreless technologies have several unique char-
little LEO-like services), and many of the data serteristics that make them valuable to both indi-

vices being developed are hampered by slowiqya| users and companies wishing to distribute
transmission speeds, incompatible systems angsormation. First, radio-based systems can be
protocols, and a limited selection of applications seq tdhroadcaswoice, data, and video program-
As aresult, potential users do not know what thening and information to large groups of people
new systems will really offer, and technical detailsyyer wide areas at relatively low cost. Broadcast-
remain to be finalized. Lack of real-world opera-inq is point-to-multipoint and generally one-way.
tional experience also makes it hard to realisticalp ;i and television broadcasters have served the
ly determine the most efficient wireless access\merican people for decades with news, enter-
system—and thus to identify potential winnersizinment, sports, public interest, and emergency

and losers. programming. Satellite broadcasting promises to
In addition, the pace of technology deploymenteyieng the reach of local audio and video pro-

is also uncertain. Although, strictly speaking, thégramming to national, or even international audi-
development of core radio-based technologiegces.
will not be a barrier to the development of new  gecond, wireless systems can serve needs that
wireless systems and services, the pace of develte not practically or efficiently served by wire-
opment and implementation is likely to be sloweryaseq networks. Both satellite and terrestrial
than most analysts predict, and, in combinatioqechnomgy, for example, can be used to create a
with slow standards-setting processes and regulgireless local loojo serve extremely remote tele-
tory change, could slow the deployment of many,hqne customers (see chaptet2Radio technol-
new systems by at least months and possiblygies can also be used to deliver communications
years. Finally, in some newly reallocated bands—eryices faster and less expensively than building
the PCS bands, for example—new users are being exiending a wire-based network. Cellular
required to pay to move incumbent users to othefechnologies, for example, are being used in many
frequencies. This process will also be time-congeyeloped and developing countries to bring tele-
suming and slow the deployment of wireless serphone service to areas that have been unserved.
vices. Wireless Local Area Networks (LANS) connect

) computers where it is too expensive or impractical
[ Demand: Why Do Users Want Wireless? {0 install a wire—for example, in a building where
In addition to thepushprovided by rapidly ad- asbestos creates construction hazards or an histor-
vancing technologies, users—consumers, busie site. Many of the nation’s schools reportedly
nesses, and government—have an expanding dedve this problem. Wireless systems also allow
of needs and demands thatpuling the develop- flexible deployment of people and devices quick-
ment of wireless applications. Although each usely and easily—e.g., to reconfigure a computer net-

21 Orbcomm launched two satellites in March 1995. Both developed technical problems, but were later reported to be operational.

22 gasic Exchange Telecommunications Radio Service, or BETRS, has been in use for many years to provide telephone service to remote
rural residents. US West has also been testing the use of satellites to provide telephone service to remote areas of Wyoming.
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BOX 1-4: Scenario—Wireless Technologies in Small Business

Sandra has operated her own plumbing business for the past three years in sprawling Phoenix, Ari-
zona. It is a demanding business—Iots of competition, small margins, and customers who can’t wait
long for service.

Sandra decided early on to minimize her overhead and run her business entirely out of her van, so
she bought a portable telephone, a pager, and a laptop computer with a wireless modem. Sandra fig-
ures she can be on the job and be able to respond to calls for service, thus keeping business flowing
in. Her response time is often very rapid, which customers appreciate. She handles all the estimates,
ordering, invoices, and accounts on her laptop, including ordering parts for delivery either to her house,
or directly to the jobsite. This means she doesn’t have to hire a secretary or maintain an office, keeping
her costs down.

Setting all this up was quite a chore for Sandra. She tried to do it on her own, but assembling the
right hardware, software, service providers, and actual services proved too difficult. She ended up us-
ing a systems integrator, a national franchise operation that could get better deals on components than
she could, and even handles the various telecommunications service billings for her. Even though she
pays a premium for the service, she figures she will come out ahead because the technologies are just
changing too fast for her to keep up.

Because the city is so big and growing so rapidly, Sandra also decided to invest in satellite naviga-
tion and route-planning equipment. Traffic can be difficult and time spent on the road is time lost on the
job, so the payoff is obvious. She also hopes to expand her business to two vans, and hire her friend
Wayne. The navigation gear she has will allow her to keep tabs on him, and coordinate their responses
to emergency calls.

Sandra is also the mother of two young school-age children. Because she needs to spend so much
time on the road, she stays in touch with them via pocket telephones and pagers. She likes the sense of
security it gives them all because she can locate them whenever she needs to, and they can call her
(and have twice) or911 if they feel in any way in danger. But she also worries that they will never know
the feeling of really being free and independent, like she was at their age, when the whole neighbor-

hood was her playground.

SOURCE: Office of Technology Assessment, 1995.

work without having to move wires, or deploy
emergency personnel in times of natural or man-
made disasters.

Finally, wireless can serve quite well when
communication needs are unpredictable or transi-
tory. Radio-based technologies are ideally suited
to providing ubiquitous access in a specific geo-
graphic area where a user will be traveling.” A

mobile repair person, for example, may not know
in advance where his or her services will be need-
ed, and will likely need to stay on-site for only a
short period of time. This capability allows people
to be connected wherever they are, and serves the
need to get information or communicate immedi-
ately. Different types of systemswill serve differ-
ent areas-a building or mall, an office park or

#In redlity, many of the benefits of radio technologies for access and mobility are based on the concept of broadcasting. Broadcasting>
in fact, is the mode of communication that allows mobility to take place—no matter where one travels within the range of the signal, the signal
is always present. Cellular telephony, athough not a broadcasting service like radio or television, uses a broadcast signal to contact the desired
person. Similarly, in cases where many users in an area need access or where users will be at different locations-some known, some not—the
broadcast radio signal, because it blankets a given area, is what makes ubiquitous access possible.
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BOX 1-5: Scenario—Wireless Technologies in the Migrant Community

Jose is a migrant farmworker in West Virginia with strong ties to Miami where his family lives. His job
is tough—he spends many hours in the orchards battling poison ivy, insects, and the residue of pesti-
cides sprayed on the trees. He worries about his wife and children—particularly how his eldest daugh-
ter is doing in school—and his sister, who has had a series of medical difficulties that have left her
unable to work. Jose has always been the responsible family member. Because he speaks English, he
often negotiates appointments, visits to the health clinic, and so on for family members. Being able to
contact and be contacted by them is essential for his family’s survival. Jose gets little time off during his
workday; even when he does, he is unable to find a payphone because he is often miles from the near-
est town.

But recently, Jose bought a pocket telephone that he takes into the fields with him. Several years
ago, this would have been too expensive, but a price war among the mobile telephone companies has
put both telephone handset and service charges within his grasp. He uses the phone to call his family
in Florida nearly every day. Occasionally he even contacts his widowed mother back home in Mexico,
despite the very high international telephone charges (he typically pays about $40 for a four- to five-
minute call), Jose also finds it convenient to make appointments for himself and his coworkers at the
local clinic in rural West Virginia, to contact the school his daughter attends in Miami, and to call the
hospital where his sister’s doctors work. It used to be difficult to get a return call because he was not
near a telephone, the payphone was busy, it was after business hours, or he had followed the migrant
work stream to a different community. Now he feels much more connected to the people and services
he needs to live a better life.

SOURCE: Office of Technology Assessment, 1995.

downtown area, a metropolitan area, a region of
the country, the whole country, and even the whole
world. Users will be able to pick and choose the
technologies that best meet their needs.

Mobility anti Access
The unique advantage that wireless technologies
bring to the NII is mobility. Increasingly, users
want to communicate wherever they are-while
walking, driving, or traveling on a plane, train, or
ship.
[E]very human, even the most committed
landlubber, is a sailor of sorts, or else a driver, or
a flyer, or at least a pedestrian. After amost a
full century of development, the telephone till
had a very fundamental shortcoming: telephone
wires don’t move. People do.”

All wire-based services are inherently limited in
one important way: they can go only asfar asthe
wire extends. For applications that require mobil-
ity, wireless is the only way communications ser-
vices can be provided, and thus mobility is the
most important characteristic and benefit that
wireless technologies bring to the NIl. Most ra-
dio-based services in the NH will function as teth-
erless, mobile, portable extensions of the
wire-based network.

Clearly, mobility is an integral aspect of human
activity, but telecommunications services that en-
able or accommodate mobility are still in their in-
fancy. Strong demand for such services has
existed in the past, and business interest in new
wireless technol ogies suggest that future demand
is anticipated by many others. However, little is

“Peter W. Huber, Michael K. Kellogg, and John Thome, The Geodesic Network 11: 1993 Report on Competition in the Telephone Industry,

(Washington, DC: The Geodesic Co., 1992), p. 1.5.



22 .| Wireless Technologies and the National Information Infrastructure

=

R =l

— —_—— T

/5 T -

/.%,, = =/
P =

S

%ﬁ}, =
by

DRAWING BY GAHAN WILSON; COPYRIGHT 1994, THE NEW YORKER MAGAZINE. INC

"Who can we call?”

known about the scope or scale of that demandaccess point to the resources of the NI, either ex-
Few data are available to predict how people willtending services where wires cannot go-to re-
actually use mobile systems, and thus which wiremmote customers, for example-or competing with
less services are most needed. Better data abowireline networks in the provision of traditional
mobility and its characteristics would help antici- communications and entertainment services such
pate the future direction of these technologies asis telephone, data communications, and video
they are brought into the marketplace and the soci-programming. Satellite systems, for example, can
ety in greater numbers. Chapter 2 discusses md2rovide end-to-end voice, data, and video services
bility in greater detail. that bypass, and could compete with, the wireline
Wireless technologies can provide more thaninfrastructure entirelif’.CeIIular, PCS, and direct
just mobile services, however. Radio-based sysbroadcast satellite (DBS) services will compete
tems can provide information, entertainment, andwith wireline alternatives such as the telephone
communication services to homes and businessegnd cable television networks to provide ttast
as well. In this context, wireless technologies aremile connection to the resources of the NIl
expected to make their greatest contribution as af/nlicensed wireless technologies (see chapter 4)

“Satelite systems are technically capable of offering two-way broadband services, but the limited capacity of satelitts has meant that such services
were largely restricted to large business or government users who could pay for the equipment and satellite time. Such services have not been
intended for general commercial (public) use. This may change with the advent of such satellite-based systems as Spaceway and Teledesic (see

ch. 5). In combination with the existing telephone network, satellite systems also can deliver interactive services to the home, but with only
limited return channel capabilities,
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BOX 1-6: Scenario—Wireless Technologies in the Drug Trade

Mike is a major drug distributor in southeast Los Angeles. He moves thousands of kilograms of co-
caine worth millions of dollars through his neighborhoods every year. He knows the Drug Enforcement
Administration and the police are investigating him. Though Mike is 24 years old, he has never been
caught, mostly, he thinks, because he is smart, protects himself, and stays ahead of the cops. He
keeps his records (encrypted) on a laptop. He keeps in touch with his information and distribution net-
works through pagers and stolen and cloned cellular phones. Associates tell him what the cops and
other dealers are up to through frequent calls, and he makes each call short so that even if they find
him they won't be able to tap him as he moves from cell to cell.

Mike is always on the move in his car because he believes that this makes it harder for the cops to
find him and listen in. He has his car searched daily for vehicle location devices, which he thinks might
be planted by the police to keep tabs on his movements. He hears that new phone encryption devices
cannot be broken even by the government, but he still needs to think about getting one. So far, it's
easier just to clone a phone and change the number,

SOURCE: Office of Technology Assessment, 1995.

will allow users to create spontaneous, direct con-
nections between their computers or PDAs—al-
lowing them to share data or communicate in
limited areas such as a classroom or office---all
without connecting to a wired network.

Productivity and Efficiency
For businesses, the bottom line on wireless
technology is its contribution to productivity. Al-
though research on the productivity impacts of
wireless communication technologies is limited
and largely anecdotal, some analyses attribute
large productivity gains to the use of wireless, mo-
bile technologies. One analysis estimates the eco-
nomic contribution of mobile services at five to
eight times the cost of ownership.”

Another study assessed employees’ ability to
“recapture” time spent away from the office by us-
ing cellular telephones.” Table 1-3 shows the

annual productivity gains for broad job catego
ries, and assumes conservatively that at least 14
minutes or 10 percent of time away from the office
per day is recaptured using cellular telephones.”
If a sales representative recaptured 20 percent of
time away from the office, the productivity gain

TABLE 1-3: Annual Productivity Gains

Using Cellular Phones

Occupation Annual productivity gains

President or chief executive officer $2,200

Sales or other revenue-generating 1,200
employee

Middle management/director/ 780
supervisor

Field service person/technician 680

SOURCE: Pactel Cellular, “Cellular Use and Cost Management in Busi-
ness, " study prepared for Pactel Cellular by Yankelovich Partners,
Newport Beach, CA, 1993.

*“Mobile Commmications Europe Lags Behind America,” Intug News, October 1994, p. 20.

“PacTel Cellular, “Cellular Use and Cost Management in Business,” study prepared for PacTel Cellular by Yankelovich Partners, Newport

Beach, CA, 1993.

“Senior executives in the survey reported they were away from their offices 149 minutes per day, and that they used cellular telephones
about 10 percent of this time. The study then calculated the annual productivity gain by multiplying time recaptured by the average wage rates

for various job classifications.
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study also notes that increased accessibility anglositive, but its magnitude is unclear. Rough esti-
faster customer response time play an importarmates by the Cellular Telecommunications Indus-
role in decisions about providing cellular tele-try Association based on the U.S. experience with
phone service to employees. cellular telephony suggest that the introduction of
These figures should be viewed with cautionPCS and the extension of cellular telephony,
Employees may do many productive things durSMR, and paging will result in the creation of
ing the time they spend away from the office while280,000 new jobs in these industries over the next
not on the telephone. On the other hand, timelecade and approximately 700,000 in related in-
spent talking on the phone is not necessarily pradustries, such as manufacturing, retailing, and an-
ductive. Alternatives to having a cellular tele-cillary servicesi? Estimates of the contribution of
phone, such as using pay phones, are natireless telecommunications to economic growth
addressed in the study. Calling the home office tobave not been made.
often may reduce an employee’s autonomy and in-
cur increased coordination costs for the wholdJncertainty
firm, and could reduce productivity overall. Varia- Beyond the basic characteristics of demand, the
tions in job structure and performance may occufundamental question surrounding the evolution
as well; as a result, measuring recaptured timef the NIl and new wireless services is: What do
away from the office may not accurately describeausers really want? What will they be willing to pay
the benefits and disadvantages of cellular phonefor? Many companies have done marketing stud-
For example, in addition to improvements in pro-ies and some have conducted field trials to deter-
ductivity, the increased sense of company contrainine the answers to these questions. So far, no
over employees’ activities is often a significant“killer applications” have emerged. In commu-
element in decisions to adopt wireless technolonications services, quality, reliability, coverage,
gies. and low price seems to be most important. In en-
Evaluating the contributions of wireless tertainment and data services, there is little con-
technologies to national productivity is even moresensus about consumer and business demands
difficult. Extrapolating from figures like those beyond, possibly, electronic mail. Interactive ser-
presented above to make estimates of nationaices have continued to disappoint both users and
productivity enhancements is problematic be-providers. Nevertheless, proponents point to the
cause the job classifications given are too aggresuccess of cellular telephony as evidence of wide-
gated to know what they actually contain and hovspread demand for wireless, especially mobile,
different groups actually use wireless telecommuproducts and continue to develop services and
nications. As a result, attributing and separatingquipment based on the belief that eventually they
direct and indirect contributions of wireless andwill discover what customers really want.
mobile systems and services to gross domestic The uncertainties of demand are some of the
product are difficul® most important considerations underlying many
Likewise, the contribution of wireless telecom- of the NIl policy debates now taking place. Speci-
munications to employment levels is likely to befying NII services, setting minimum service

29 Estimates range from 2 to 3 percent of GDP to 33 percent, according to a study conducted by MITI (Japan) and reported in “Mobile
Communications,” op. cit., footnote 26.

30 These are rough estimates based on proprietary information from firms in the industry, projections of wireless service subscriber rates,
extrapolations from the growth and penetration rates of cellular telephony, and estimates of the ratio of direct jobs in cellular service provider
companies to indirect jobs in manufacturing, retailing, etc. No effort was made to determine the number of jobs lost, if any, due to substitution of
wireless communications for other communications services. These estimates should be considered very tentative; further research is needed.
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“None of this seems to be doing me any good at all

standards, and defining universal service all hingemunication, information, and enterteignt ser-

on an implicit understanding of what people wantvices and the industries associated with them.
and need. Without this understanding, setting speThese changes have put increasing pressure on
cific, long-term policies for NIl services is likely lawmakers to reform telecommunications regula-
to be premature. Because most policymakers antlon, a process in which they are now deeply en-
industry representatives believe it would be inap-gaged. The ideological concepts dominating the
propriate for the federal government to pickcurrent public policy debate about telecommu-
technology “winners and losers,” regulators alsonications reform will significantly affect how
must avoid enacting policies that inadvertentlywireless systems will fit into the NII, determining
have the same effect. At this early and uncertaiiow and where they can compete with wireline
stage of wireless development, putting constraintgarriers and what rights and responsibilities they
on the industry could stifle valuable developmentwill have. Considered together, these two ele-
efforts. Open entry and competition-subject toments, technology and ideology, constitute the po-
some safeguards for basic consumer protection-ticy context for wireless technologies in the NII.
may be the best solution, at least in the near term.
As the market matures, new regulations and safe-

guards may be needed based on the experiences'o?OnCEptS Guiding - Policy

the industry and the users. Competion
The many networks and systems that make up the
POLICY  ENVIRONMENT current U.S. communications and information in-

Over the past several years, technology advancefsastructure are widely deployed and access to ser-
have fundamentally changed the nature of comvices is usually physically available even if the
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services are not taken. Thus, as the developmeate changing rapidly, suggesting that any new
and deployment of the NIl moves forward, thelaws/regulations will need to be similarly flexible
challenge for policymakers is to ensure that theand allowed to evolve over time. Expectations
benefits of the new services and applications wilthat a new “Communications Act” can be written
be available to all those who need or want themthat will last another 60 years—as the current one
including those who cannot access them now. Thas—may be unrealistic, given the pace of techno-
accomplish these goals, most policymakers haviegical, social, and economic change.
come to view competition in an open and deregu- Finally, many analysts and public interest
lated (as far as possible) market as the most socigjroups are concerned that social goals and needs
ly and economically efficient solution for may getlostin a competition-driven policy frame-
promoting diversity in information sources, keep-work. What safeguards might be needed to pro-
ing quality high and innovation moving, and con-mote continued diversity of services and protect
trolling prices. consumers from high prices or poor quality? Does

However, the form (or level) of competition is the imposition of universal service requirements
being bitterly disputed—what is a “level playing on wireless businesses threaten their ability to op-
field?” And perhaps more importantly, there erate? Some analysts believe that complete re-
seems to be little public policy consideration ofliance on the market and competition—where
the long-term effects of competition and marketeconomic and business decisions are para-
reliance3l There is little doubt that private com- mount—could lead to a situation in which ser-
panies and their consultants have done such analyices will not be rolled out evenly, users will not
ses, but the information is closely guarded and ibe protected from poor service or confusing ser-
not generally available to policymakers and anavice plans, and that service will be available only
lysts. As a consequence, it is impossible to judg#o those who can afford it. On the other hand, over-
the extent to which these analyses consider londy aggressive requirements by the federal and state
term (10 years and longer) effects. Policies thagovernments could threaten the vitality and even
promote competition now may ultimately lead tothe existence of new competitive services. The
a market structure that consists of a small numberivate sector’s research, development, and in-
of large corporations controlling end-to-end com-vestment activities could be stifled if the federal,
munications of all kinds. Again, little or no re- state, or local governments adopt rules and regula-
search has been done that bears directly oiions that inhibit the flexibility to develop new
wireless economics and long-term industry strucproducts and services.
ture32

It is also unclear whether a one-shot approacEompetition, Diversity, and Interconnectivity
to changing regulatory structures will work. The Diversity and competition are closely related.
history of cable television regulation reflects theCompetition is premised on many diverse compa-
need to adapt rules to the different stages of industies producing goods and/or services. In the cur-
try growth and external (competitive) conditions.rent technological climate, the wide range of new
What is clear is that industries and technologieservices being developed is largely due to the

31 see, for example, Eli Noam, “From the Network of Networks to the System of SysReasjation No. 2, 1993. Some commenters
argue this statement is too strong. In its policies regarding PCS licensing, the FCC did set limits on cellular participation to address concerns
about competition and industry concentration.

32 some initial research has been completed. See, for example, Bruce L. Egan, "Economics of Wireless Communications Systems in the
National Information Infrastructure (NII),” unpublished contractor report prepared for the Office of Technology Assessment, U.S. Congress,
Washington, DC, November 1994; Glenn A. Woroch, "The Evolving Structure of the U.S. Wireless Communications Industry,” unpublished
contractor report prepared for the Office of Technology Assessment, U.S. Congress, Washington, DC, December 1994.
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introduction of new digital technologies. Theseand different regulatory structures were devel-
technologies make it easier to produce, transmifgped to manage the distinct characteristics of each
and store information and data, allowing busi-industry. For example, the telephone system,
nesses to combine voice, data, and video on netthich was designed to provide two-way voice
works that were previously dedicated to only onecommunications, has operated as a virtual monop-
type of service. This digital convergence has madely for almost a century based on the principles of
it easier for companies to invade each other’s turicommon carriage and universal service. The
So, for example, telephone companies want to uderoadcasting industry, both radio and television,
their telephone lines to deliver information andhas concentrated on delivering one-way informa-
video services, and cable companies want to prdion and entertainment to a wide local audience,
vide telephone service. The rapid development ofnd has been regulated as a user of a scarce re-
new technologies has also led new companies taource, the radiofrequency spectrum. Satellites
enter the field—utility companies, for example, have been providing national and international
want to enter the telecommunications business—eonnections for voice, data, and television signals
further increasing the diversity of companies in-for many years. And finally, the cellular industry
volved. Wireless companies are an increasinglyses radio waves to extend the reach of the tele-
important part of this competitive mix. phone network to mobile users. Each of these in-
The diversity of service providers and users redustries provided a different service based on
inforces the importance of connectivity and inter-different technologies, and consequently was sub-
connection. The more different sources ofjected to different rules and regulations.
information and entertainment there are, and the As aresult of digitization and the increasing use
more users follow their individual tastes, theof computer processing power in more and more
greater the need for interconnectivity. In the histotelecommunications applications, however, sys-
ry of telephony, this is referred to as the externalitgems and services that once were separate have
of networks—the value of the network (to an indi-now begun to overlap. Thionvergencds not
vidual or business) rises as more and more userserely the result of combining computers with
are connected to it. Today, the value of interconeommunications, but of combining many services
nectivity is higher than ever. Computers, for ex-and applications that historically had been sepa-
ample, started out primarily as stand-alonegate. Thus, convergence can be separated into
devices, but increasingly they are part of networkshree distinct phenomena:
that allow them to access almost any type of iny
formation around the world. Allowing users to ac-"
cess rich and diverse forms of information from a
variety of suppliers is at the heart of most views of
the NII, and moves issues surrounding intercon-
nection to the forefront of many current policy de-

convergence of technolggwhere computer
power and communications technologies are
integrated to improve functionality and offer
new applications. For example, the marriage of
computer power to radio technology was cru-
cial in enabling cellular radio to be developed.

bates. Computers route calls to the correct cells and
) handle hand-offs as mobile users move from
[ Technology’s Impact on the Policy one cell to another. The networks that allow cel-
Environment lular users tsoamare actually interconnected
computer databases.
Technology and “Convergence” 2. convergence of applicationswhere voice,

As noted above, the U.S. communications infra- data, and video services can be offered over the
structure consists of many different technologies same network. Today, networks of all kinds—
and systems. Over the past 100 years, each of whether originally developed to transmit voice,
these developed independently from the others, data, or video—are being improved in order to
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carry all kinds of information in many different of wireless companies and technologies. The Pri-
combinations. By far the most common con-mestar DBS system is owned by a consortium of
vergence is between voice and data servicesable companies, and several telephone compa-
The most obvious example is the use of the telesies recently announced large investments in
phone network to send data by fax, using a mowireless cable companies. Most analysts expect
dem, or via new digital transmission such mergers to continue as the benefits of wire-
technologies such as integrated services digitdéss become more apparent.

network (ISDN). Cellular service providers
have begun to offer a wider range of data ser-

. onvergence and Polic
vices (see chapter 4), and some of the new LE g y : .
. . he convergence of technologies and services has
systems are designed to carry both voice and

data. Because of its high bandwidth require_serious implications for U.S. policymakers at all

ments, video is less often combined with othelle\/ezlS of government who are already engaged in

services: however, some cable companies Oﬁec?fforts to redefine how telecommunications is

data services, and satellites are capable of trang-eated in this country. As the technological differ-

mitting voice, data, and/or video signals. ences that have characterized different modes of

3. convergence of networks and companie§ommunication disappear, new regulations and
through mergers, acquisitions, and joint Venpollgles will be_ needed that are focused more on
tures. The most obvious example is the recerervices and industry/market structure than on
acquisition of McCaw Cellular by AT&T. This technology. This idea was explicitly recognized
type of convergence is not between simila?y Congress when it created CMRS based on the
techn0|ogies and providers_ a merger of Ce|.prinCip|e of “treating like services alike.” Federal
lular companies, for example—but a combina-2nd state governments continue to struggle with
tion of systems: AT&T’s long-distance (mostly how to update regulations in order to bring the
fiberoptic) network with McCaw'’s local (cellu- benefits of new technologies to the widest range
lar) systems. In addition to the economic ra-of people, while simultaneously promoting fair
tionale behind the merger—AT&T’s desire to and open competition among the many different
avoid paying access charges to local telephoneompanies that want to provide services. Eco-
companies—this type of merger indicates thahomic concerns are becoming more important as
there may be technical and economic efficienvarious segments of the wireless industry mature.
cies that make previously distinct communica-Mergers and acquisitions have been going on for
tion systems interdependent. several years in the cellular, SMR, and paging in-

Wireless technologies and companies are p|aydustries, and horizontal concentration has already
ing a central role in much of the convergence acbe@come a concern to regulatéfOver the longer
tivity. In the past several years, wireline serviceterm, the effects of market concentration and ver-
providers of all types—cable, local telephone, andical integration of the sort promised by
long-distance companies—have shown increasfT&T/McCaw are uncertain; economists have
ing interest in using wireless technologies to projust begun to sort out the economics of wireless
vide new services. The big winners in the recenservices and how they may interact with wireline
PCS auctions, for example, were various groupservices. Trying to anticipate the long-term com-
of telephone and cable companies. Wireline competitive effects of current deregulatory policies
panies are also investing in many different kindswill be difficult.

33 Nextel, for example, was required by the Department of Justice to divest some of its radio licenses in specific cities before it completed
acquisitions of its major competitors. This was due to a concern that Nextel would control too much of the SMR market.
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FINDINGS AND POLICY OPTIONS to address future models in which the structure
Overall, OTA found that—apart from current reg-Will be quite fluid and unpredictable.
ulatory reform efforts—federal government ac- 1he second factor indicating a limited govern-
tion or assistance is currently needed in dnent role is the large amount of innovation and
relatively few, but important, areas regaro|ingdevelopment now occurring in the wireless indus-
wireless technologies and their effective integraiy Without benefit of direct government support.
tion into the NII. Several factors led to this conclu-OVver the last several years, hundreds of compa-
sion. First, the outcomes of current policynies have begun developing wireless products and
initiatives are unclear. The FCC is in the middleservices, and most large telecommunications
of a number of critical proceedings regardingfirms have initiated wireless projects as well. Few
wireless technologies, and Congress is in th@reas appear to need government financial assist-
midst of completely reshaping the nation’s tele-2ance to develop new technologies or services—
communication industry. Before proceeding withwith some important exceptions noted below.
even more far-reaching changes, it may be wise tbhis represents a change from several years ago,
evaluate the effectiveness of changes already pihen financial markets were not eager to invest in
in motion. wireless companies because of their often specu-
Policy analysis is complicated by the dynamiclative nature and regulatory uncertainties. Money
nature of the industry itself. The structure of mostS Now flowing to most segments of the industry,
segments of the overall wireless industry is abougnd, in fact, a number of analysts have commented
to change in fundamental and radical ways. Som#at "wireless is hot” on Wall Street.
services are only at a nascent stage. Services suchFinally, a political commitment to competition
as DBS, for example, have only just begun operats the foundation of current economic and regula-
ing. For others, such as PCS or LEOs, initial regutory policy. Many policymakers view competition
lations have been set, but the systems are stills a more effective “regulator” of industry than the
being built and are not yet operational. A finalgovernment rules of the past, and are reluctant to
group of services, including Local Multipoint put additional regulatory burdens, however well
Distribution Service (LMDS) and some satellite motivated, on industry. This approach, however,
services, does not even have final spectrum alimits government involvement, and the develop-
locations or operating rules; widespread commerment of the wireless industry needs to be closely
cial service is years away. monitored to ensure that the public interest is
In addition, even the wireless services that havéerved.
been in existence for many years—radio and tele- Given these circumstances, determining the ap-
vision broadcasting, cellular telephone, and satelropriate role and level of involvement of the fed-
lite television—are facing radically new eral government in the wireless industry is
environments as digital technology and new comdifficult. A strong government role could help
petitors reshape their traditional ways of doingpromote industry growth, encourage diversity and
business. This fact—along with the uncertaintiesnnovation, and protect consumers. Low prices,
associated with technology development, the regquality, and security all are important concerns
ulatory climate, and, most importantly, customerthat may or may not be ensured by the market. For-
demand for wireless services—puts policymakergvard-looking policy also could anticipate and
and analysts into the difficult position of waiting help diminish any potential future problems.
to see how consumers and markets will react tblowever, a government approach that is too
what has been done so far. Policies designed arstrong could overburden industry and reduce in-
implemented based on past assumptions and modestment.
els of industry structure—monopoly-based or On the other hand, an approach that is too
limited competition—are likely to be inadequate“hands off,” relying too much on private sector
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initiatives, could actually contribute to uncertain- ation by Congress addresses the need for connec-
ties (in this case primarily regulatory) that slow in- tivity through universal service requirements and
novation and development. In the short termprovisions for educational institutiofi§.hese
companies may not invest if uncertainties are todssues are discussed throughout the report.

great or development resources could be wasted Given this environment, the federal govern-
on efforts that are later superseded by nevwent can perform three important functions over
technologies, regulations, or economic condithe next several years:

tions. Benefits may take longer to appear. Given. monitor the growth of the industry and com-
that the market has not even begun to operate in petition, and identify any potential market fail-
significant portions of the wireless industry, it iS  ures or social concerns that arise:

premature to identify market failures that could . continue to pursue policies that promote open

indicate policy problemsin the future, govern- access to all networks, including goal-setting
ment mterventl(_)n-thrqugh changes in regu- and encouragement of industry standardization
lation or other incentives-may be needed if  efforts: and

market failures develop. » promote development of new technologies, in-

Despite the uncertainties, it is possible to indi-  cluding ensuring the availability of adequate
cate some specific social and public interest needs spectrum for existing and emerging wireless
that competition and the market are not likely to  technologies.

address effegtively, and for. which some form of The following sections discuss OTA'’s specific
government intervention will be needed. Spec-ﬁn

. , dings and identify several areas of interest and
trum management, for example, is one important

area requiring government action. Because pub"é:oncern for policymakers. Although not every is-

uses of the spectrum-public safety, national de3ue requires a policy response, the discussion will
fense, amateur radio, and educatibn for examprowd_e policymakers with a context for their de-
’ : ' iberations and identify possible options for con-

le-are not subject to auction provisions (and da_; ,
ﬁot operate as Jcommercial or I?ee-produci(ng Ser_3|derat|on as NIl development advances.
vices), there will continue to be an important fed-| Ik
eral government role in managing the spectrum E
accommodate the largest number of services a .
users while avoiding interference and congestio

Wireless technologies can also contribute to theses

achievement of other social and public policE‘_-
goals where the market may not provide adequa
incentives. Two specific examples are: 1) educoGalmr S = B
tion, which may not have the resources to tak 4
advantage of wireless technologies where a
propriate, and 2) underserved users and areas
the so-called “information poor,” people whose
economic status or remote |0C8.'[I(_JnS may .C_ausgthools can use wireless technologies such as satellites to
them to be underserved by prOflt'maX|m|Z|ngconnect students and teachers to educational resources and
firms. Proposed legislation now under consider-eers around the world.

“See, for example, U.S. Congress, Senate 652,‘TheTrleemications Competition and Deregulation Act of 1995,” (Washington,DC:
U.S. Government Printing Office, June 15, 1995) sections 103,104, and 310.



Chapter 1 Introduction and Policy Issues | 31

[J Uncertainty Pervades Wireless tions of some wireless systems may mean that
Technology Diffusion they cannot—using today’s technology—deliver

Rapid technology advances, unfocused uset®Me of the most advanced services, potentially
needs, regulatory reorganization, and the nasceffSaualifying them from receiving universal ser-
state of the wireless industry all combine to mak&/C€ funding. Conversely, underestimating de-
predicting the future of wireless technologies and"2nd and maiching policies to lower expectations

services highly speculativA®.These same uncer- may lead to inequities as companies roll out ad-

tainties make long-term social and economic imYyanced services only to certain users—based on

plications even more difficult to forecast. the w_here they live and what_they can pa}/. This,f:ould
case of wireless and the NI, the level of uncer- Ywden the Q,ap between information “haves” and
tainty is much higher and more pervasive than have nots.” .

usual; all aspects of the wireless industry— Uncertainty is not unusual in th_e devel_opment
technologies, markets, and rules—are chang- and deployment of new technologies, nor is it nec-

ing almost constantly.Defining social and public essarily a bad thing. Some uncertainty is always

. . ; involved in developing and marketing new prod-
policy goals in such an environment becomes : :

: ._ucts as manufacturers and service providers
quite a challenge as the current telecommunica- .
. . struggle to discover what works, what customers
tion debate in Congress attests. Consumer advo-

cates believe that legislation CurrentlywiII buy, and what they will not. Uncertainty is
, characteristic of the early stages of innovation as
proposed—S. 652 and H.R. 1555—will lead to y siad

L . . different approaches are tried to solve problems
concentration in various communications and me

o ) ) e . ~and meet ill-defined demand.
dia industries that will reduce diversity and raise

prices. Industry proponents and many lawmakers, ]
however, believe that allowing companies to comL] Wireless Technologies Extend and
pete and merge will produce lower prices and a Compete in the NIl
wider range of programming. At this time, thereWireless technologies will serve two critical func-
is no way to determine conclusively what will tions as the NIl develops: radio-based technolo-
happen. The issues will only become clearer oncgies will extendthe reach of the NIl to places that
final legislation is passed and companies and cowire-based technologies do not reach, and wire-
sumers begin to react. Many issues are activelless systems will provide valualdempetitionto
being addressed, but many more—some of themerging NIl service providers. These two func-
most difficult ones involving social and public tions are not mutually exclusive; in many cases,
policy—remain to be identified and resolved.  wireless technologies will provide both. DBS sys-
The uncertainty of demand is particularly im-tems, for example, compete locally with cable
portant for legislators and policymakers chargedelevision suppliers, but they also provide services
with the task of defining rules to regulate variousalmost anywhere in the country to those who can-
competing services. Overestimating demand fonot get cable. Mobile (cellular and PCS) tele-
new services, and making such a judgment part gfhone systems extend the NIl by providing
a definition of universal service, could subjectcommunications services to people on the move,
companies to higher costs for upgrades or systetyut are also expected to compete in the provision
construction that may not be recoverable througlbf telephone service to homes and businesses in
revenues. In addition, the technological limita-the future.

35 This uncertainty is not limited just to wireless. Many aspects of the NII, such as the future of interactive and multimedia services, are
similarly unclear. “Demand for Interactive, Multimedia Services Is Uncle@elécommunications Repartsl. 60, No. 48, Nov. 28, 1994.
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Wireless technologies cantendhe Nllintwo  systems (and each other) across the country, and
important ways. First, they allow users to tap intocompetition is expected to increase as companies
communication and information networks as theyconvert to digital and new competitors enter the
move aboutMobility is a key driver for wireless market for video services. Wireless technologies
(see chapter 2). Second, as noted earlier, wirelegge also expected to make a substantial impact in
technologies can extend NIl services to placeshe market for voice and data communications, es-
where wire is too costly or difficult to install. This pecially where mobility is desired. A good deal of
may prove to be especially important as links needpectrum has recently been allocated for wireless
upgrading. In this role, wireless systems will helpygice and data services and companies have been
ensure that future universal service goals are m%orking on systems for a number of years. Many
(see chapter 9). , _ analysts believe that wireless could become the

Wireless technologies and systems will alsq,gice communications technology of choice for
competein the delivery of NII-reIa‘Fed services, many people—eventually becoming a substitute
both among themselves and against wire-basegl, oyisting telephone service—because it offers
services. Competition is a key principle underly—the added advantage of mobiff§).
ing the NII, and different wireless services have The one area in which wireless is not expected
advantages that will allow them to compete effecy, pocome a significant competitor in the near fu-
tively in a number of markets. Wireless systems,,re is in the provisiono the general publiof
already compete with wire-based services on fwo-way, broadband, multimedia communica-
small scale, but over the next five to 10 yearsyiong; including integrated voice, data, and video
wireless technologies will emerge as significantyervicess? These are the types of high-end ap-
competitors in most communication, informa- pjications often discussed as the ultimate objec-
tion, and entertainment markets. The ultimate outijye of NI policymaking and technology
come of a more wide-open competitive gevelopment. Wireless technologies are techni-
marketplace—which technologies and companiega|ly capable of providing such services and there
will “win™ and which will “lose” and what the s nothing that inherently prevents it, but most ex-
structure of the various industries will be—cannofsting systems are limited based on past technical
be determined at this time. The uncertainties thadnd regulatory choices. Two-way voice and data
pervade the development and implementation ofystems, for example, operate with a limited
wireless technologies, including rapid changes immount of spectrum that was originally allocated
technology, unfocused consumer/business desefore high-bandwidth applications were widely
mand, and regulatory upheaval, all combine taaccepted. As a result, most of them cannot be eco-
make analysis exceedingly difficult. Some genernomically upgraded to provide two-way broad-
al observations about the competitive potential oband services including multimedia, video
wireless systems can be made, however. telephony, or any other applications requiring

Wireless systems—broadcast, DBS, and Mulhigh-speed connectiod8.Broadcast and satel-
tichannel  Multipoint  Distribution  Service lites services potentially have enough spectrum,
(MMDS)—already compete with cable television but generally only work one-way—to the con-

36 Egan, op. cit., footnote 32.

37 This discussion is based on Egan, ibid.

38 Some current and planned systems provide integrated broadband services, but their limited capacities will limit them primarily to busi-
ness or high-end users in the near term. For example, a few systems currently provide such services, notably satellite systems based on very
small aperture terminal (VSAT) technology. However, these systems are not designed for the mass market, and current system capacities could
not support a consumer/mass market type of service that would accommodate millions of individual users.



Chapter 1 Introduction and Policy Issues | 33

sumer. Some of these systems have limited intecurrently do not have, and likely will not have for
active capabilities—provided either with a smallmany years.

return radio channel or telephone lines—that may Depending on how universal service and the
make them competitive with wire-based systemdIl are defined in the short term—what func-
and could serve important market demand. tions and conditions policymakers impose—

In general, however, to upgrade existing sysand how new requirements are implemented,
tems for interactive high-bandwidth services, ei-wireless technologies could become an integral
ther new spectrum will have to be allocated or nevpart of the NIl or be seriously disadvantaged.
compression techniques developed, or both. Newhe outcome of current universal service debates
wireless systems that could provide these “banawill affect the role wireless technologies and ser-
width-on-demand” services on a mass-markevices can play in the NIl in several important
level are now being conceived, but are not exways.According to one researcher:
pected to be available in the near term (see chapter

The important message for public policy is
5). As a result:

that, until the service requirements of the uni-

[ulnless there is radical, and, as yet, unantici-
pated, advances in both wireless access technol-
ogy and the FCC'’s spectrum allocations, the
future vision of integrated broadband access of-
fering end-user bandwidth-on-demand type ser-
vice will likely be reserved to the province of
wireline technology?®

versal NIl have been specified, the question as to
which is preferred, wireline or wireless access
service, cannot be answered. If, as many be-
lieve, the NIl only contemplates socially effi-

cient access to narrowband digital voice and
data services, then digital wireless technology is
preferred for dedicated subscriber connections

to the wireline intercity PSTN. The fact that
wireless access costs are lower notwithstanding,
the real bonus for the consuming public from
this scenario is portability.

[J Universal Service Definitions Could
Disadvantage Wireless Systems

The debate over the future of universal service—
what it should include, how much it should cost,
how it will be paid for—exposes some of the most  vice, must be added to the narrowband service
difficult questions facing NIl policymakers, pri-  mix for the NII, then wireline access technology
vate sector developers, and public interest groups. is likely to be the winner in the race for preemi-
Many analysts and consumer advocates strongly nence in the NIf0

believe that interactive, broadband services jreless technologies offer several advantages
should be a key component of any future definigver wire-based telecommunications systems, but
tion of universal service. They maintain that suchwireline systems also have advantages in deliver-
communications capabilities will be necessary ifing some services. On an economic basis, the abil-
Americans of all socioeconomic levels are to parity of wireless systems to deliver narrowband
ticipate in the social, economic, and political life voice and data and one-way video (broadcast) ser-
of the country. However, if such a definition werevices puts them at least on par with wire-based
immediately adopted, there is a potential for oversystems, and, in fact, will likely allow wireless to
building the NIl based on projected needs (broadeompete directly with wireline in the futufé.n
band and interactive) that the majority of userdhe delivery of two-way broadband data, video, or

If, however, access to broadband service, es-
pecially bandwidth-on-demand type access ser-

39 Egan, op. cit., footnote 32, pp. 11-12.
40 |bid.
41 |bid.
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multimedia applications, however, wire-basedto be needed by the majority of citizens and should
media are still the most cost-effective. In largebe allowed to evolve as demand warrants. A flex-
part, this is a result of the amount of spectrum thable approach to NIl universal service policy
has been allocated to radio services historicallyvould allow the different parts of the Nll—inter-
the technical limitations of wireless systems, andonnected or not—to grow to meet varying levels
the phenomenal advances in fiberoptic and digitabf need, while simultaneously ensuring a smooth-
technologies. Current technical and regulatoryer upgrade path. In fact, many policymakers favor
constraints simply do not allow two-way broad- defining universal service in an evolutionary fash-
band wireless services to compete with wiredon, updating it as services become more ubiqui-
based systems in the general consumer markegtus and necessaty.
Thus,at this time,a minimum definition of uni- Aside from these broader issues, the definition
versal service in the NIl as interactive, two- and implementation of new universal service re-
way, and broadband could disqualify wireless quirements could have a substantial impact on
systems where they would otherwise be most wireless systems and services. The potentially
appropriate or efficient. lower cost structures of both terrestrial and satel-
In addition, if universal service expectationslite-based (and combinations of the two) wireless
and definitions are set too high, simpler, lowersystems make them an efficient alternative to
cost solutions that might profitably stand by them-wire-based media for reaching unserved users in
selves may be lost. As a result, those businessésth rural and urban settings (see chapte¥ 3).
and consumers who have more basic needs couldhe current move to deregulate pricing may en-
be forced to pay for more than they really want. licourage wireless alternatives because of the in-
is not clear that all information and all commu-creasing emphasis on least-cost technology
nications need to be broadband, interactive, andyptions, which allow a company to cut its costs
or multimedia—particularly in the presence ofthrough use of more efficient technologies and
“cheaper non-integrated alternativédSome us- lower its prices to compete more effectively. How-
ers may not want or need these advanced featureg/er, current subsidy flows and rate-of-return reg-
From an economic standpoint, mandating such glations may actually serve as a disincentive to
high level of service begs economic efficiencywireless technologies. In addition, “essential tele-
questions. Why should companies be forced t6éommunications” (carrier of last resort) obliga-
build to such a standard? Will customers have tons, which have been proposed to bring service
pay for a level of service they do not need and malp areas where no carrier is operating, could harm
not use? Do the potential benefits justify the exwireless start-ups that are unable to meet the re-
pense? quirements and, therefore, could not qualify for
In the long term, there can be little doubt thatuniversal service fund®. A much closer ex-
advanced interactive broadband services will plagmination of these issues is necessary.
a critical role in the NII, and probably will eventu-
ally be included as elements of a future definitiorOptions
of universal service. In the near- and medium-tern€ongress has proposed legislation directing the
(five to seven years), however, OTA believes thaFCC, in consultation with the states, to develop a
interactive, broadband capabilities are not likelynew (evolving) definition of universal service.

42 pid.
43 See, for example, S. 652, op. cit., footnote 34, sec. 103.
44 |bid.

453, 652 would designate carriers as “essential telecommunications carriers” in specific service areas for purposes of providing universal
service. Wireless companies are eligible for this designation. Ibid.
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NTIA has held several hearings on universal ser- nants of whether a product or service can be
vice. Nothing has yet been decided. In order to offered in such an environment. The adoption of

protect business and enhance access to NIl ser-Standards that make it difficult for wireless

vices forall Americans, Congress could: te_chnolog|e_s to connect with the superhighway
. . . . will be detrimental to the now well-documented

= Enact proposed legislation directing the FCC  ¢onsumer demand for mobile, wireless ser-

and the states to work out a definition of univer-  \jjce46

sal service and enforce deadlines for this effort. thinking about the NIl and wireless technol-
Before such definition(s) are putin place, Con-_ . | SO .

, ) ) . _ogies’role in it, it is important to carefully define

gress may first wish to consider the business . . .

some of the major assumptions that underlie the

impacts and prospects for providing service to .. . .
the unserved. vision. It will be necessary to specify exactly what

= Review proposed legislation to ensure that it igh.e r_metwo_rk of networl_<s_ means gnd yvhat m-
fair and competitively neutral. The structure,pl'cat'ons it has for policies regarding intercon-

funding levels, and participation in a new uni- "€ction. The notion of the NIl as a seamlessly
versal service fund will need to be Carefu”ylntegrated network of networks is at best simplis-

considered to ensure that startup and/or wirei¢ and at worst misleading. The NIl initiative
less carriers are not unfairly disadvantaged. d0€s not call for all networks to be directly con-
= Develop its own policies or guidelines for NI necte_d to each other, WhICh would be virtually im-
development based on hearings held to deteR0Ssible. Some companies and networks will
mine: 1) what services should be available, an§onnect directly, based on business needs. In
2) what technical capabilities are needed to enMany cases, however, different networks will in-
able these services to develop. Alternativelyterconnecindirectlythrough separate links to ex-
Congress could establish a working group ofsting core networks—the public switched
outside commission to develop recommendatelephone network (PSTN), cable networks, and

tions. computer networks—and direct interconnection
will not be necessary to enable different systems

[1 Interconnection and Standards are to interoperate (figure 1-1). The interconnection
Increasingly Important policies now being debated in Congress and at the

FCC are vital in allowing all service providers to
connect to other networks (see chapters 6 and 7).
Determining which companies should be required
to open their networks to interconnection by other
carriers is already a hotly contested issue. As new
wireless networks and services are deployed and
: : : usage increases, more direct interconnections
develops, pollf:ymakers must recognize 'the im- maygoccur‘?7
portance of wireless access to information and

communications services because wireless may ~ Until recently, very few systems, services, or
become “the first mile on and the last mile off  companies connected at all. Cellular telephony is

the information superhighway. Interconnectiv- the most visible exception. Over the next several
ity and interoperability are important determi-  years, however, as a multitude of PCS, ESMR,

As a consequence of the boom in wireless
technologies and systems, the importance and
complexity of interconnection arrangements,
standards, and interoperability are about to
grow dramatically.

As the National Information Infrastructure

46 Center for Wireless Telecommunications, Virginia Polytechnic Institute and State University, “A Survey of Emerging Applications of
Wireless Technology,” unpublished contractor report prepared for the Office of Technology Assessment, Sept. 15, 1994, p. 4.

47 For more discussion of changing interconnection arrangements and their implications, see Rob Frieden, “Universal Personal Commu-

nications in the New Telecommunications World Ord@&gfecommunications Policypl. 19, No. 1, January/February 1995, pp. 43-49.
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FIGURE 1-1: The National Information Infrastructure
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and satellite communication providers begin of-
fering services, interconnection issues will be-
come critical. In the past, wireless systems have
been conceived primarily as adjuncts to the
PSTN, and wireless technologies were employed
only in specia (mobile) circumstances.

In the future, wireless systems and technolo-
gies will become an integral part of the overall
communications infrastructure, providing not
only mobile communications and broadcasting,
but a wide range of mobile and fixed services for
both businesses and consumers. Interconnection
and interoperability arrangements premised on
older, asymmetrica relations—where cellular
companies pay access charges to local telephone

companies, but not vice versa—will give way to
technical and contractual arrangements based on
treating wireless carriers as equals. A number of
factors will impact the ability of wireless compa-
nies to interconnect with the PSTN (and other
wireline systems, such as cable television or com-
puter networks), including the different cost struc-
tures of radio-based services, rising consumer
demand for wireless services, increasing business
demands for more integrated communications
solutions, and technical advances that may help or
hinder greater interconnection and interoperabil-
ity.

Interconnection and interoperability are widely
viewed as the keys to realizing the vision of the
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NIl—allowing users to easily send voice/data/terconnection agreements will have to be ad-
video across many different types of networksdressed in the near future, putting pressure on
Today, system interconnection is usually accomexisting interconnection arrangements. For exam-
plished through the PSTN for voice, and increasple, the rules that govern the transmission and re-
ingly through the Internet for data. New systemsception of digital video services are only
and services are already putting a strain on this abeginning to be considered. Multiple standards
rangement. Many wireline systems, especiallyare being developed for transmission of video ser-
data communication systems, operate accordingices in the broadcast, cable, and satellite indus-
to protocols that often do not work well for wire- tries, and there are a number of complex issues,
less communication—which is affected by a num-and a range of vested interests, that will have to be
ber of factors not present in wireline systemsaddressed before such services are widely avail-
including interference from other radio servicesable and interoperable. The economic conse-
and propagation losses from rain or even trees. lguences of these decisions are enormous, and will
addition, as new companies have entered the fielthave a vital affect on the broadcast and consumer
the number of proprietary applications and stanelectronics industries.
dards has grown. For individual users, sending in- A lack of standards, or the proliferation of mul-
formation across different networks can betiple standards, may undermine the NIl goal of in-
difficult, and using software on different systemsterconnectivity. For example, the current analog
can be almost impossible. It is unclear what willcellular telephone standard specifies how a cellu-
happen when additional services are developeldr phone can “talk” to the cellular network. The
and different kinds of companies begin to link up fact that the United States settled on one standard
Developing new standards that accommodate for analog cellular telephones many years ago en-
the needs of wireless technologies and that op- sures that any phone will work with any cellular
erate across multiple systems will be critical to network. Today, however, two digital cellular
ensure that the benefits of an interconnected standards are being deployed and up to seven stan-
NIl are realized. Most analysts expect that dards are being considered for PCS systems. As a
technical solutions will be developed, but OTA result, itis likely that all phones will not work with
believes it will take longer than expected to all networks (see chapter 6).
work out many interoperability issues. The current situation is different from the past
Standards are the critical link that will allow because the process of setting standards has be-
different parts of the NIl to work together. One come very difficult. Historical standards-setting
kind of standard describes the connection betwegorocesses have undergone tremendous change
consumer devices—radios, televisions, and cellusince the breakup of AT&T in 1984. The FCC has
lar telephones—and the networks that providdargely backed away from aggressive standards-
services. These standards benefit consumers Isgtting, preferring to let industry and/or the mar-
ensuring that their devices will work across differ-ketplace set standards; however, the intense
ent companies’ networks. They also enableompetition that is expected to characterize NIi
manufacturers to build one device rather tharservices putsthe process of cooperative standards-
many different types of equipment for many in-setting in question. The FCC approach to HDTV
compatible systems. Standards also make it easiesran exception to current practice (see chapter 5).
for the industry to plan and deploy upgrades, alThe federal government could play a stronger role
lowing consumers and businesses to revise, cug setting standards for interconnection and inter-
tomize, and improve their systems as their needsperability, but it is unclear what that role should
dictate. be. Individual circumstances call for different
Other standards govern the connections begovernment responses—there is no well-defined
tween networks. While general rules are now welket of procedures that will work in all cases. Some
known, a whole range of new companies and ineompanies prefer a “hands-off” approach by gov-
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ernment, while others would like the government] Integration of Wireless and Nl
to at least set goals or even deadlines for stan- Policymaking is Improving, But...
dards. This idiosyncratic, flexible approach to

o . Integrating NIl and wireless communications has
standards-setting is likely to continue.

been and will continue to be a challenge. Early
i thinking and policy development regarding the
Options g policy p g g

) ) . NIl focused primarily on wire-based technolo-
The tension between fair competition and the Nllyios - aspecially fiberoptic networks. Policies for
goals for a widely interconnected series of net

. ) . . wireless technologies and systems, meanwhile,
works is felt most acutely in relation to intercon-

nection, standards, and deregulation issues. T deeveloped largely independently of NIl initia-

ECC has established a number of different Wire_|ves. There has been little formal coordination be-

. . , “tween government NIl efforts and wireless
less license areas, which do not necessarily coin-

cide, and that do not match the boundaries an fforts—the two have proceeded along parallel,

regulations set up to govern local and Iong-dis-DUt seemingly separate, tracks. As a result, many

tance communication services. To ensure th8f the issues surrounding wireless technologies,

benefits of NIl interconnections, while preserving€SPecially  broadcasting and satellites, were
competitive incentives, Congress could: delayed until long after NIl planning efforts got
under way, and no comprehensive vision exists for

" review the regulator_y and st_ructural under':.)m'integrating the wide range of wireless technolo-
nings of the long-distance industry. Possible

. . . . .. gies into the NII.
congressional actions include: 1) eliminating Wireless technologies were only lightly treated
the Local Access and Transport Area (LATA) . o 9 > only lightly
. : . in early legislative and executive branch NII plan-
boundaries that currently define Iong-dlstancen.n The Administration'&genda for Actiorfor
service, and/or 2) harmonizing CMRS license ng. 1he nistrationsgenda for Actiorior
xample, mentions wireless technologies in its

areas. These options are not mutually exclusivé’

and could be pursued as part of a larger redefin[iiN€ Principles; however, the treatment of wire-
tion of local/long-distance communications. less is limited, concentrating on spectrum real-

= establish guidelines to direct the FCC's stanlocation, use of market principles in assigning
dards-setting activities or mandate the FCC t¢Pectrum (auctions), and ensuring that small, ru-
do so. Guidelines could help the FCC deterlal, minority- and women-owned businesses can
mine when to get involved in standards-setting?@rticipate in the auctions—all concepts proposed
and what its actions should be. In this way, thé' required by Congress in previous legislation.

benefits of early standards-setting could béOne specific effort to combine NII policy devel-
combined with the flexibility of industry or opment with a wireless focus, the Untethered Net-

market-based solutions. working Group, met with no success (see
= explicitly allow the FCC greater latitude in pre- appendix B).
empting state regulations that may slow wire- Several factors contributed to this situation.
less startup interconnection to the publicFirst, no common vision exists for the develop-
network and each other. Potential areas for corment and implementation of radio services in the
gressional action include: 1) establishment ofUnited States. Wireless policy development is di-
co-carrier status, rights and obligations; 2)vided between the FCC, which manages private
mutual compensation for competing local com-sector and state/local government spectrum use,
munications companies; and 3) consistent inthe federal government. This division of responsi-
terconnection arrangements ensured throughilities historically has hampered the develop-
tariffs or publicly-filed contracts. ment of a clearly defined, comprehensive
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framework to guide U.S. radiocommunicationcentered around these industries. Additionally,
policy development (see next section). The lack ofome wireless supporters charge, policymakers
a unified vision for wireless makes it correspond-were slow to recognize the potential of wireless
ingly difficult to develop a more comprehensive systems. Others concede that some wireless in-
strategy for the integrating wireless systems intalustries entered the policy development process
the NII. At a practical level, wireless policy devel- late, and their potential contributions were not rec-
opment has been more successful. See appendixdgnized by government officials.
for a discussion of the efforts of the Federal Wire- In the latter part of 1994, however, wireless
less User's Forum and The Federal Wirelessechnologies began to receive more attention as an
Policy Committee. important, even integral, part of the NIl. Officials

The second factor making the integration of Nllat the FCC, for example, now refer to wireless as
and wireless policies difficult is that policymak- one lane on the information superhighway. NTIA
ing regarding radio technologies and services hais in the process of reallocating at least 200 MHz
historically been separate from wireline policy- of spectrum as mandated by the Omnibus Budget
making. Radio and television broadcasting netReconciliation Act of 1993, and has recently com-
works, amateur radio, and even early satellitgpleted a study of the nation’s radio spectrum needs
systems were developed and operated largely dsr the future. The FCC has proceedings under
stand-alone systems, capable of communicatinggay in many areas of wireless communication,
information separately from the wireline net- many of which overlap. Itis still unclear, however,
works—there was little need to coordinate wire-how all these initiatives will contribute to the es-
less and wireline policies. tablishment of an interconnected NiI|.

In addition, the philosophy underlying radio-
communications policy was substantially differ-

ent from the models applied to wireline serwces_l_o maximize the benefits of the NIl and minimize

Unlike the tightly controlled, monopoly-based inefficiencies and potential adverse effects, wire-
regulation that characterized the telephone sy e and NIl polic relakin must exolicit re’co )
tem, wireless systems of all kinds have been much. policy 9 plicitly 9

less closely regulated on an economic basis. Conh2€ and address the unique capabiliies and

panies have been able to set rates, merge, and COlljﬁmtatlons of wireless technologies. Wireless and

pete much more freely than most wirelinew're“ne policymaking need to be more closely

companies. Today, the federal government contin(-:oomhnmeol by establishing goals for wireless

ues—as part of this long-standing practice—to |eféchnologies in the context of the NII, and needs

market forces play the primary role in decidingmust be prioritized. This does not imply that all

how radio frequencies should be used. As wirelesy | @nd telecommunications-related planning—
ach individual decision—should be centralized

technologies become a more integral part of th& .
g gra’ p nd bound together in one master plan. It only sug-

NII, however, a purely market-based approach t .
wireless policympaking may prove inadgguate Asgests that a focused vision of the future could help
wireless and wireline systems increasingly con-gUIOIe private sector development and imple-

nect and the services they offer overlap, the neera\entation efforts. To bring wireless technologies

for integrated policymaking will correspondingly and_ policy development more Q|rectly into the
increase. mainstream of NIl policymaking, Congress
Finally, the separation of wireless and WirelineCOUId:

policymaking is a matter of timing and historical = direct the FCC and NTIA to develop policies
accident. The issues of cable/telephone competi- and plans—or justify/amend existing plans—
tion have occupied center stage of the telecommu- for integrating the wide range of wireless sys-
nications debate in this country for almost a tems into the NII. Specific plans could be
decade. Itis, therefore, no surprise that the NIl has developed for specific industry segments.

Options
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= hold hearings to determine if NIl policies or services; 2) new applications now being devel-
FCC rules currently discourage wireless sysoped—including digital radio and television
tems from playing a larger role in NIl develop- broadcasting, terrestrial- and satellite-based com-
ment. Hearings could also help determine hownunications systems, and data and information
wireless technologies could more directly con-messaging systems for mobile and fixed users—
tribute to the goals of the NIl—universal ser-will need new frequencies; and 3) communication
vice, for example. and entertainment applications will increasingly

» mandate more direct coordination of NIl andcombine voice, data, and video, requiring large
wireless policy development, both within the amounts of spectrum to meet the bandwidth-in-
executive branch and with the FCC. Reportingensive nature of such applications. Complicating

requirements could be established. the situation is that portions of the spectrum have
characteristics that make them particularly well
[1 Spectrum Policymaking Faces suited for specific types of applications. The fre-
Significant Challenges quencies that most engineers consider ideal for

Government policymakers and regulators will mobile communications, for example, are I_ocated
face an increasingly difficult task in meeting between about 0.5 and 3 GHz—frequencies that
expanding spectrum needs while accommodat- are rapidly becoming congested.
ing existing users. No coordinated framework ~ The radiofrequency spectrum is a finite, but re-
for making spectrum policy exists, although usable, resource (see appendix A). Technology
some long-range planning is taking place. advances are expanding usable capacity, but it is
Technology advances and increasing demand fathclear if such advances will be able to keep up
mobile services have led to the development of #ith rising demand for services in the longer
wide range of new and improved wireless serterm29Unlike wireline systems, which can add
vices. As a result, however, many portions of the&eapacity or serve more users by laying more wires,
radio frequency spectrum are becoming increaghe capacity of the spectrum is limited by current
ingly congested, leading to what one analyst hatechnology. For any given set of frequencies, the
called spectrum “pollution?8 To alleviate over- spectrum can only serve a limited number of users
crowding, and expand the number and variety ofind cannot be expanded. Technology advances
wireless applications even further, there has beesuch as more efficient modulation, cellular archi-
a sharp increase in demand for radio frequertectures, narrower channels, digital compression,
cies?9 The most valuable frequency bands, how-and use of higher frequencies can reduce over-
ever, have already been allocated, and many amowding—Dby extending the usable spectrum and
heavily used. increasing efficiency and capacity—but demand
Several trends are pushing the increasing dder radio frequencies has historically outstripped
mand for spectrum: 1) existing wireless servicesupply.
providers—including broadcasters, satellite com- Faced with rapidly rising demands, Congress,
panies, and data communication companies—the executive branch, and the FCC all have taken
want additional spectrum to expand capacity animportant steps to ensure that the wireless indus-

48 Andrew M. SeyboldUsing Wireless Communications in Busin@dsw York, NY: Van Nostrand Reinhold, 1994).

49 For a more complete discussion of the spectrum needs of various radio services, see U.S. Department of G@nhatiopal Spec-
trum Requiremen{op. cit., footnote 16.

50 For a more optimistic assessment of the ability of technology advances to stay ahead of demand, see Robert J. Matheson, “Spectrum

Stretching: Adjusting to an Age of Plenty,” National Telecommunications and Information Administration, April 1995. The author argues that
technologies such as digital compression and frequency reuse can increase spectrum efficiency—and capacity—dramatically.
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try has access to adequate spectrum. In 1993, f@mnibus Budget Reconciliation Act of 1993), but
example, Congress required NTIA to identify andhas never been accomplished. The FCC and NTIA
transfer 200 MHz of spectrum to private @3¢én  have not worked cooperatively to build a compre-
response, NTIA released a preliminary report irhensive framework for radiocommunications
February 1994 identifying 50 MHz that could bepolicy, although the FCC does have a liaison who
transferred immediately and a final report incoordinates policy at the staff level with NTIA.
March 1995 that identified an additional 185 MHz The lack of a unified vision of future spectrum
for transfe?2 The FCC, in cooperation with use could undermine long-term planning ef-
NTIA, recently proposed making 18 GHz in 12 forts and development of spectrum policy (in-
bands available for the development of new comeluding priority-setting), and may hamper
mercial technologies. These would include li-development of innovative wireless technolo-
censed and unlicensed applications such ages.
vehicle radar systems and extremely high-band- The federal government has not maintained an
width applications, including two-way video and aggressive approach to long-range spectrum plan-
multimedia computer communicatioP®. The  ning—for practical as well as ideological reasons.
FCC has also recently began auctioning frequerPractically, allocating spectrum for needs that
cies for new mobile telephone services (PCS—seleave not been identified is difficult, and ideologi-
chapter 3) and has completed or launched a nungally, such a planned approach was seen as too
ber of proceedings specifically aimed at bringingclosely resembling “industrial policy,” which past
more spectrum resources to wireless data applicé&dministrations have tried to avoid. Furthermore,
tions (see chapter 4). Although sufficient for themanagement of private sector spectrum in the
short term, it is too soon to tell if more spectrumUnited States has long relied on petitions by pro-
will be needed for these applications in the longspective users to determine uses rather than a prio-
term. ri planning. As a result, policymaking has tended
Such actions, however, treat only parts of théo concentrate on specific portions of the radio
problem, and policymakers will continue to spectrum without always addressing how individ-
struggle to match the supply of spectrum with deual decisions might interact. However, as the
mand. The ways in which spectrum is allocatechumber and kind of wireless systems and users
and managed in the United States may need to ®ve grown and the technologies and services
changed to respond to a new, more mobile worlchave begun to merge, the need for a more inte-
To plan for the future and avoid piecemeal, reacgrated policymaking framework has become nec-
tionary decisionmaking, a national vision for essary because multiple systems can now deliver
long-term spectrum use is needed. More coordiessentially the same service.
nated and focused spectrum planning—combin- Developing a practical and effective approach
ing the efforts of both NTIA and the FCC—hasto long-term spectrum planning will be challeng-
been legislated several times (most recently in thimg. Planning for needs and technologies that do

51“The Omnibus Budget Reconciliation Act of 1993,” Public Law 103-66, Aug. 10, 1993. Title VI deals with telecommunications issues.

521.S. Department of Commerce, National Telecommunications and Information Adminis®Pationjnary Spectrum Reallocation Re-
port, NTIA Special Publication 94-27, February 1994; U.S. Department of Commerce, National Telecommunications and Information Admin-
istration,Spectrum Reallocation Final ReppoNTIA Special Publication 95-32, February 1995.

53 The bands are located between 47 and 153 Ghz. These frequencies historically have been limited primarily to military and scientific
purposes, and are generally only lightly used. Sixteen of the 18 GHz specified will be shared with government users. General Motors, Ford, and
Chrysler have submitted comments to the FCC on vehicle radar systems they have already begun to develop. “Notes on the FCC 40 GHz Plus
Proposal, Telcom Highlights Internationavol. 16, No. 47, Nov. 23, 1994. “FCC Identifies Spectrum Above 40 GHz for Commercial Use, New
Technologies, Telecommunications Reports Wireless Newt 4, No. 22, Nov. 3, 1994.
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not yet exist is nearly impossible, and would notpleted a major study that identifies the spectrum
necessarily lead to efficient use of the spectrumrequirements of most radio services for the next 10
The tradeoffs between encouraging efficiency angears—an important first step in improving spec-
promoting development of new technologiestrum planning?®
must be carefully weighed as a part of determining The process of allocating spectrum, however, is
future radiocommunication policy. It may be pos-only part of the problem. Until recently, spectrum
sible to craft policies and regulatory efforts thatwas assigned to individual entities by the FCC on
encourage both, but it will be necessary to carefulthe basis of comparative hearings or lottery. In
ly balance the needs for efficiency with the de-1993, Congress authorized the FCC to use com-
mand for new technologies and services. petitive bidding—auctions—to distribute some
In any case, even better spectrum planning willicenses2® Auctions are believed to be the most
not guarantee that a market for the planned serviggconomically efficient way to assign licenses,
will actually develop or that the services/systemsvhile also raising money for the federal govern-
planned will become economically viable. Thement. Given the financial success of the PCS auc-
12-GHz band of frequencies, for example, wagions, which raised more than $7 billion, some
planned more than a decade ago to provide televitnalysts and policymakers have now begun to
sion programming services directly from satel-consider auctions as a way to assign spectrum for
lites to homes. Initial efforts to launch a serviceother services in the future. Despite their financial
failed, however, and DBS systems are only nowsuccess, however, the longer term operational and
beginning commercial service. The history ofeconomic effects of the auctions are still un-
DBS shows both the difficulties and ultimate suc-known>’
cess of one government planning effort. DBS fre- In any case, auctions may not be applicable to
quencies went unused for many years aall radio service users. Federal, state, and local
proponents struggled to launch operating sysgovernments, for example, have a wide range of
tems, but without that early allocation, companieoperations that support vital public interests such
might not have developed new technologies sas national defense, air traffic control, public safe-
quickly. In addition, without early government ac- ty, and emergency preparedness functions. These
tion, companies might still be fighting for spec- types of services are not currently affected by auc-
trum and customers might still be waiting for tions, and there would likely be a great deal of re-
service. This case clearly illustrates the inherensistance to auctioning such spectrum. There are
uncertainties in planning for future, undefinedalso a number of economic and public policy is-
spectrum applications. sues, in addition to administrative and practical
In 1991, NTIA issued a report on improving questions, that would have to be addressed before
spectrum management, and implemented some sfich an approach could even be seriously consid-
the recommendations. However, some of its mostred.
fundamental conclusions for improving U.S.
spectrum allocation and assignment processdsptions
were never put into practi®.lt may be time to  To ensure that adequate spectrum continues to be
revisit some of these options. NTIA recently com-made available in the future, Congress could:

54 U.S. Department of Commerdg,S. National Spectrum Requiremeras, cit., footnote 16.
55 |bid.
56 Omnibus Budget Reconciliation Act, op. cit., footnote 51.

57 Many of the winners in the Interactive Video Data Service auction, for example, defaulted on their bids. This will slow the development
and deployment of the service.
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= mandate the transfer of additional spectrunwireless communications will bring. One study
from the federal government to the private secestimates that 45 percent of the population will be
tor. This effort would build on already-con- using mobile communications devices (phones
ducted NTIA studies of spectrum needs andand/or laptop computers) by 208%5.And al-
reallocation. though some information and statistics have been
= build on existing efforts to determine spectrumcollected on various aspects of mobility, there is
needs and existing planning, and enforce prélittle hard data that allow a good understanding of
vious mandates for the FCC and NTIA to en-the characteristics of personal and professional
gage in cooperative long-term spectrummobility, and what implications they may have for
planning. the implementation and use of wireless services
= establish research funds for development ohnd for society. One example is 911 service. De-
high frequency (40 GHz and up) radio commu-spite the fact that only about 10 percent of urban
nication service, through the federal govern-customers have cellular phones, 911 operators re-
ment and/or private sector initiatives. ceive, on average, eight reports for each traffic ac-
= evaluate new methods for allocating and aseident. As subscriber and penetration levels rise,
signing spectrum, including the recommenda911 system administrators may be inundated with
tions in earlier NTIA reports and the possibility calls.
of auctioning all future radio licenses. Thismay The most controversial area of research, and the

entail developing new rules for auctions. one most in need of additional study, concerns the
_ possible impacts radio communication systems
[J Research is Needed could have on public health (see chapter 11).

Research on the social, economic, and public Some members of the public and a few scientists
policy implications of widespread use of wire- believe that radio waves can damage human cells.
less technologies is very limited, and research Research to date, however, has been inconclusive.
on the longer term effects and implications of No direct link has been found that radio waves are
wireless devices and systems is only at the con- harmful, but it is still not possible to say with cer-
ceptual stage This situation is directly tied to the tainty whether the devices or antennas pose a risk
nascent state of the various segments of the wirée human health or how serious any risk may be.
less industry as a whole. Many of the technologieg his issue is extremely emotional and polarized.
that will make the biggest impacts are not yet opSome people are convinced that wireless systems
erating, and evaluating their social and economiare dangerous and should be banned or severely
effects is impossible. Even in the more maturdimited. The wireless industry, however, believes
wireless industries, research is spafse. that development of wireless technologies should
One of the most important, and underapprecontinue because there is no conclusive evidence
ciated, aspects of the development of wirelesthat either phones or antennas are harmful. Re-
technologies is the problem of scale. Problemsearch is now being conducted, but much of it is
that seem trivial with only a relatively small num- sponsored by industry, either directly or indirect-
ber of users become magnified as the number dy, and it is unclear whether the public will be sa-
users grows. Some have commented that “societysfied with the results. The federal government
is not ready” for the many changes that ubiquitousias played only a minor role in research on this

58 The exception is broadcasting. There is a long history of economic, public policy, and social science research into all areas of radio and
television broadcasting.

59 personal Communications Industry Association, “PCIA 1995 PCS Technologies Market Demand Forecast Update, 1994-2005,” (Wash-
ington, DC: Personal Communications Industry Association, January 1995).



44 | Wireless Technologies and the National Information Infrastructure

topic. Representatives from several governmennly now emerging; they are likely to involve in-
agencies, however, are involved in oversight andreased personal and business efficiency, but also
review of industry research. increased stress and concern about health effects,
Research on the economic structure of the varimonitoring, and privacy. Wireless technologies
ous wireless industries and long-term outcomes aire likely to play a role in the continuing evolution
competition is even more limitéd.In wireless of new organizational and social forms, including
voice and data services, for example, many newheir geographic dispersion and functional disag-
companies will enter the market over the next fivegregation. The widespread deployment of mobile
years. Gathering accurate data on cost structuregymmunication technologies also portends a
revenues, and customer demand is only just be&hange in the average wireless user—from mobile
ginning, and many companies will not divulge Professionalffield service representative to mass
such information. Even industries that have beefnarket consumeét: Again, the effects of this
around for decades, such as broadcasting, will bghange are unknown.
affected. Both radio and television broadcasters Technical research and development is the ex-
are preparing for radical change as digital technolcepPtion to OTAs finding on the state of research.
ogies replace analog, and as new competitorsB_esearCh and development of new radio technolo-

some wireless (DBS, wireless cable, and cellulafi®S and services is moving quickly. Some indus-
television) and some wireline (telephone Compagry representatives, especially those representing

nies)—enter the market for audio and video pro_larger con;paniﬁs, Isee no needh fo\;VEO\;]ernmhgnt
gramming and services. The ultimate outcome O?UDFE.O” 0 rt]ec 3%093;' tresr;earlc : d etl er t IS
all these changes cannot yet be predicted, and ghgsttion IS shared by afl technology developers 1S

economic studies and modeling of such competigncertam' The satellite industry has put together a

. . o list of topics they would like the federal govern-
tion are just beginning. : .
N i e ment to help them in exploring.

Likewise, wireless telecommunications’ con-
tribution to productivity, economic growth, and )
employment is unclear. Industry studies indicaté2Ptions _ _
that wireless telecommunications account for sig © increase understanding of the many economic,
nificant productivity increases through better uses0cial, and regulatory issues surrounding the in-
of time, particularly for higher paid employeestegrat'on o_f W|reles_s technologles into the NII,
who spend time away from their offices. There aréd establish a basis for informed policymaking,
no credible data on additions to the gross domestfe®ngress could:
product or on future employment (either in the in-= monitor the development of various industry
dustry or in the economy generally) due to wire- segments and social issues, including privacy,
less telecommunications, though the cellular security, and especially health effects to deter-
industry has experienced significant economic mine if future congressional action may be nec-
and job growth over the past decade. essary.

Finally, the implications of wireless technolo- = establish funds to promote research into these
gies for individuals, organizations, and society are issues. Congress already funds research in a

60OTA contracted for two studies—one to examine the basic economics and one to analyze the evolving structure—of the wireless industry.
Both authors noted the lack of empirical data available on the various segments of the wireless industry, and the lack of appropriate models for
studying wireless economics. Egan, for example, notes that “...based on publicly available data (including that from investment houses in their
efforts to calculate prospective market penetration rates and net cash flows to establish valuation benchmarks for the investor community) in-
dications are that the state of the art in engineering economics and financial modeling of network systems is not very far along.” See Egan, op.
cit., footnote 32, p. 43, and Woroch, op. cit., footnote 32.

61 Frieden, op. cit., footnote 47.
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number of related fields, such as transportatiomrmostly free of local regulation. Half the states
labor statistics, and public health that could beonce regulated cellular in one form or another, and
expanded to cover wireless topics. Alternative-another 20 had laws stipulating that the state regu-

ly, a portion of the funds received from spec-latory commission must forebear from regula-

trum auctions could be designated for thistion.83 As a result of new regulations governing
purpose. CMRS, however, no state will be allowed to regu-
late wireless rates or enact laws that stifle entry by

[ State and Local Government Roles are new provider$# Satellite providers have been
Unclear struggling against local ordinances and taxes for

States have a significant interest and role in proMany years (see chapter 8). _

tecting their residents from services that are priced !N the future, however, state regulation of tele-
too high or that offer poor quality. Municipalities COmmunications services in general may have sig-
have an important, historically-defined role in lo- nificant, if indirect, effects on new wireless
cal zoning matters and protection of public rightsservices, especially those used as a substitute for
Of-way_ However, the federal government’local wired telephone service. |mp0rtant|y, the
primarily the FCC, also has a legal role to play instates will retain regulatory jurisdiction over the
advancing the communications systems of théerms and conditions regarding wireless compa-
Country_Since the Communications Act of 1934 nies interconnection with local telephone compa-
was passed, state, local, and federal authorities hies. States are also likely to have a significant

have been struggling among themselves and in role in helping to define universal service obliga-
court to define the boundaries of their rights  tions and subsidy schemes, both of which could

and responsibilities. significantly affect new wireless carriers.

Current proposed legislation will not end Currently, the most controversial battle be-
the debate Bills under consideration in Congress tween federal and local policies involves zoning
generally prohibit states from enacting laws thagnd land use. Wireless companies need to erect an-
“may prohibit or have the effect of prohibiting the tennas and towers to provide their services. Some
ability of any entity to provide any interstate or in- municipalities, however, in response to citizen
trastate telecommunications servicB%."The concerns about public health and property values,
bills, however, also permit states and local govhave enacted zoning laws or other prohibitions
ernments to impose requirements for universathat can make it difficult to put up a tower. Such
service, protect the public safety, and manage pulsegulations have delayed or halted construction of
lic rights-of-way. Specific cases will no doubt radio towers already licensed by the FCC. More
arise where the two policies will clash. In the casdocal governments are expected to enact similar
of wireless technologies and systems, there angrohibitions as the number of antennas and towers
several potential areas of conflict between federgbroliferates with the spread of cellular and the
and local policy goals. introduction of PCS and ESMR services (see

State and local governments currently regulatehapter 8£° Industry associations have asked the
wireless services only lightly. Broadcasting isFCC to preempt such regulations, maintaining

625, 652, op. cit., footnote 34.
63 Woroch, op. cit. footnote 32.
64 Eight states applied under the law to continue to regulate cellular/wireless rates, but the FCC denied all the petitions.

65 Some rules set height limits, while others ban towers altogether in residential areas. See “City Zoning Rule Limits Radio Tower Height,”

Telecommunications Repartl. 61, No. 3, Jan. 23, 1995.
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that new services will be slowed or even prejproper relationship between federal and state reg-
cluded®® The FCC has not yet ruled on this issueplatory authority in a new competitive era, Con-
andthe question of which should take prece- gress could:

dence—federal laws that encourage the devel-
opment of public communications systems or
local control over land—remains unanswered.

make explicit its views on federal preemption
regarding NIl and wireless issues, indicating
which authority should take precedence.

= hold a series of hearings in Washington and
Options around the country or form a commission to
Aside from specific issues relating to preemption, gather input from all parties involved in feder-
Congress may wish to establish an overarching al-state telecommunications issues. As part of
framework to guide future policymaking. Estab- this broader effort, Congress could also estab-
lishing a cooperative relationship between federal lish more formal mechanisms for resolving
and state regulators will be critical if the NIl isto  federal/state/local disputes in telecommunica-
develop as quickly as possible. To determine the tions policymaking.

66 The Electromagnetic Energy Association and the Cellular Telecommunications Industry Association have filed petitions for rulemaking
on the issues. “FCC Asked To Preempt States’ RF, Radio Tower RIs&s;bmmunications Repartsl. 61, No. 1, Jan. 9, 1995.



Mobility and
the Implications
of Wireless
Technologies 2

he need for mobility underlies many applications of wire-
less technologlt is the single feature of wireless systems
that other telecommunications technologies cannot repli-
cate. Wireless technologies permit users to access commu-
nications networks while they are “on the go,” and also make it
easier for individuals to stay connected as they move around.
However, the concept of “mobility” and its implications for the
deployment of wireless technologies are poorly understood.
Individuals and businesses already use a number of wireless
technologies, including cellular telephones, pagers, and various
wireless data services, but over the next five to 10 years, a variety
of new mobile communication systems—personal communica-
tions service (PCS), enhanced specialized mobile radio (ESMR),
satellite-based telephony, and higher-bandwidth wireless data
communications systems—will begin operation (see chapters 3,
4, and 5). To consider the potential success or failure of these new
technologies and the implications of their widespread use, it is
critical to understand the underlying forces that might motivate
people and businesses to use them. Is society becoming more ma
bile? How does a technology deployed at scale challenge policy-
making in this area? What are the potential social implications of
widespread deployment of wireless telecommunications? An
analytic framework used to address these issues places mobility

1 Some of the material in this chapter is based on Philip Aspden and James Katz, Bell
Communications Research, Morristown, NJ, “Mobility and Communications: Analytical
Trends and Conceptual Models,” contractor report prepared for the Office of Technology | 47
Assessment, U.S. Congress, Washington, DC, Jan. 20, 1995.
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the unique property of wireless, at the center. Thia Academic researchers have been studying “mo-
chapter attempts to anticipate the answers to some bility” for years, but they tend to concentrate on

of these questions. one particular element only—work patterns,
time spent commuting, or time management,
FINDINGS for example. Researchers in different disci-

plines do not generally collaborate or commu-
nicate, and it appears difficult for them to
conceptualize how their work may fit together.
Little work has been done to bring together the
disparate elements that define mobility, and no
theoretical framework exists for studying mo-
bility as a unified concepMore research on

all aspects of mobility—and their relation to
telecommunications technologies, including
wireless—is needed.

Because mobility is so poorly understood and
the wireless technologies that will enhance the
mobility of both people and machines are not
yet widely used—even the penetration rate for
cellular telephones is less than 10 percent—
assessing the implications of this widespread
use is difficult. The impacts of wireless
technologies on individuals, organizations,
and society are only now emerging; they are

= The concept ofmobility is rudimentary and
unfocused. Although some information and
statistics have been collected, there is little
hard data that allow a thorough under-
standing of the various characteristics of
personal and professional mobility and
their implications for the implementation
and use of wireless serviceMobility is an en-
during social quality that affects people in both
their personal and business lives. People move
about in their private lives every day to shop,"
visit friends or relatives, or run errands. Under-
standing the patterns of what they do, how they
do it, and what information they could use in
the process will be crucial to understanding
how wireless technologies may play a role in
peoples’ lives.

= Worker mobility is particularly significant be-
cause businesses tend to lead the way in the use’ X .
of telecommunications technologies, and are Kely to involve increased personal and
expected to be the earliest and heaviest users of PUSiness efficiency, as well as increased
wireless technologies as well. Considering the SI'€SS and concern about monitoring and
ways in which a job can be “mobile@TA privacy. ergless technplogles are Ilkely to
conservatively estimates that nearly 50 mil- ~ Play @ role in the continuing evolution of
lion workers (44 percent of the workforce) new organizational and social forms, poten-
are mobile in some way today and the per- tially 'relnforg:lng ggographlc dispersion and
centage of the workforce that can be classi-  functional dissolution.
fied as mobile is increasing.

= From the technology side, research on howELECTED EXAMPLES OF MOBILE
people use or would use wireless devices i§VIRELESS SERVICES
sketchy. Some marketing surveys have bee@ther than using wireless telecommunications for
conducted, but they do not offer a very compeliraditional telephony, what might people do with
ling or complete picture of how the averagewireless? People or organizations often use new
consumer might use communication or in-technologies to perform old functions. Over time,
formation resources in a mobile or portable sethowever, a technology deployed for one purpose
ting. Prospectively, it is difficult to ask people may be used for something quite different than its
to evaluate a technology or service they havelesigners intended. Many new applications of
never used and may not completely understandavireless technologies are still only at the develop-
A better grasp of mobility willimprove product mental stage, and have yet to pervade the public’'s
development and inform policymaking regard-consciousness. A brief description of some of the
ing new wireless technologies and systems. current and projected uses of mobile communica-
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tions may provide an idea of the broad scope andew PCS systems to reach readers efficiently,
scale of their potential applications. The follow-wherever they are. Prospective users might in-
ing examples are drawn from existing commerciatlude travelers who want to read hometown news-

or demonstration projects. papers or business executives who want to
purchase electronic publications while aboard
[ Inventory Management trains or airplanes.

The emphasis on lowering costs and increasing ef- )

ficiency in business operations has focused on im-J Classroom Networking

proving inventory management, total quality Duke University recently participated in an ex-
management, and just-in-time manufacturingperiment using a wireless local area network
Wireless technologies can help where mobility iSLAN) to connect engineering students’ laptop
a key feature of the process. For example, in wareomputers to one another and to the instructor’s
houses, knowing more about the location of speeompute The system consists of an infrared
cific items can greatly reduce costs. Equipment téransceiver attached to each student’s computer
track inventory is becoming more popular. For exthat sends and receives messages to and from ev-
ample, Rexham, a box manufacturer in Charlottegry other computer. Transmitting at 230 kbps, the
North Carolina, has revamped its quality controlinfrared system is completely transportable, and
function with a wireless bar code system that proan ad hoc network can be established in about 20
vides up-to-the-minute information about job sta-minutes in the library, lab, or dormitory.

tus and product information. Sensors can be Tying together the computers allowed the
attached to items so they can be tracked and fourmbmparing of notes, facilitated collaboration on
when needed. Using such a system, one chemicgtoup projects, and allowed the professor to proj-
company experienced a 100 percent payback iect one student’s computer screen onto a large
six months and reduced its accounting personnesicreen in front of the entire class for discussion. In

for this function from 12 to one. addition to allowing students to work easily with
one another, the system also sends the instructor’s
[J Electronic Newspapers comments directly to every student’s computer,

Newspapers have been one of the most transpoR€"Naps communicating ideas more effectively.
able sources of information. A few companies aréased on this experiment, Duke University is con-
now developing the capability to deliver newspa-s'der'ng implementing similar systems in other
pers via wireless systems directly to customer’§1aSSes.

laptop computers. One publisher has developed a )

prototype electronic newspaper whose screen réJ Real Estate Marketing

sembles the front page of a newspaper. The usér the last few decades, real estate agents have
cantouch a picture or headline to receive additioneome to rely heavily on computerized databases
al information in any form: video, sound, or text. such as the Multiple Listing Service. However,
Designed to overcome some of the shortcoming&hile on the road, agents are out of touch with
of traditional print newspapers—bulkiness andthese databases, and must make frequent trips
limited circulation—newspapers distributed us-back to their offices to use them. To help agents
ing wireless could use digital cellular networks orsave time and eliminate unproductive travel, sev-

2 For a broader set of examples, and an analysis of the emerging uses of wireless technology, see Virginia Polytechnic Institute and State
University, Center for Wireless Telecommunications, Blacksburg, VA, “A Survey of Emerging Applications of Wireless Technologies,” con-
tractor report prepared for the Office of Technology Assessment, U.S. Congress, Washington, DC, Sept. 15, 1994.

3 Gary Hughes, “Wireless Network Goes to Schodliteless for the Corporate Usal. 3, No. 3, 1994.
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eral wireless services have been developed. For After implementing the system, Coast Plumb-
example, a low-power FM transmitter can being increased the number of calls per day handled
placed on a property for sale which will broadcasby each plumber, dramatically reduced the
messages that identify key characteristics of thamount of time spent on physical inventory, im-
property. An agent driving past the house can tunproved customer satisfaction, and streamlined ad-
in to hear the details. Another system uses a peministrative processes. The company estimates
sonal digital assistant (PDA) and a cellular digitatthat the system saves it more than $10,000 per
packet data (CDPD) radio modem to provide reamonth in total costs.

estate agents access to a multimedia database of

homes. The data consist of pictures of houses$, Disaster Recovery and Assistance

maps of residential areas, and detailed statisticgpe syccess of emergency relief and recovery ef-
that can be searched by price, location, number @§yts relies on the ability of workers to communi-
rooms, etc. Rather than having to return to the ofgate effectively, efficiently, and securely. Wireless
fice to search the listings again, arevised list of apg yniquely suited to these applications because: 1)
propriate offerings could be accessed from anyjisasters typically do not affect wireless commu-

location. nications links, especially satellite links, and 2)
the rapid deployment of a communications sys-
(1 Field Service tem for mobile field workers is more efficacious

To handle more calls, provide faster and more ad/_vith awi_reless system. The_users of these syste_ms
curate inventory control, and reduce the timdnclude insurance companies; emergency relief
spent sending dispatch instructions, Coast PlumBYorkers; federal, state and municipal disaster
ing of Solana Beach, CA, implemented a datf9€ncies; emergency medical personnel; and oth-
communications system that integrated dispatctf’ SUPPliers of necessary services. They will typi-
billing, and inventory functiondThe system con- cally need communications in the field to report
nects a portable computer in each of the COmloa{alssessments of damage, call for reallocation of re-
ny’s 20 trucks to a host computer in the office. Thesources, pred_ict additional consequences, an_d file
system delivers text dispatches to the plumber¥1surance claims or pay such claims electronical-
portable computer, which displays the customer'd: For éxample, one company provided lowa's 99
name, address, and the reason for the call. The sykunties with backup protection during the flood
tem also allows the technicians to check on par®f 1993 with a portable 18 GHz digital microwave
availability, access prior service history, and lookSYStém. The system was engineered, manufac-
up prices. Once a job is finished, the system autdured, delivered, and installed in just four days.
matically transmits billing and inventory in- . .

formation back to the host computer, which ther Intelligent Transportation Systems

updates parts lists and customer accounts. Coastelligent Transportation Systems (ITSspply
also uses specialized mobile radio for voice anihformation and communication technologies to
data communications. surface transportation systems to reduce traffic

4 Deborah KirtlandWireless for the Corporate Usenl. 3, No. 2, 1994, p. 53.

5 |TS was formerly called Intelligent Vehicle Highway Systems (IVHS), but was changed to ITS to include public transit and other trans-
portation modes.
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congestion, improve safety, make public transipeople on the best way to get to their destinations;
options more attractive to commuters, and deadvanced traffic management systems that will
crease transportation-related environmental imgather and distribute data on traffic congestion
pactsd Interest in ITS stems from the realizationand alter the timing of control signals to move
on the part of transportation experts that buildingraffic more efficiently; automatic toll collection;
more roads and/or expanding existing ones iparking and security applications; and automated
often too costly and only marginally effective in vehicle control. To date, most ITS efforts have fo-
reducing congestion, and does little to alleviatecused on providing route guidance to travelers and
safety and environmental problems. ITS couldfleet monitoring and control to transportation
make more efficient use of the current transportacompanies. Systems in Japan, Europe, and the
tion infrastructure, improve safety, and allow pub-United States rely on the Global Positioning Sys-
lic transportation to be more responsive totem (GPS) for vehicle location, often used in con-
passenger demands. To transmit information tgunction with dead reckoniny.Some systems
mobile units (automobiles, buses, and trains, etcalso employ terrestrial-based wireless data sys-
from a fixed location, and vice versa, wirelesstems to relay traffic conditions to travelers in their
technology of some kind is necessary. cars. Both scenarios involve sophisticated mobile
In 1991, Congress passed the Intermodal Suanits for the users that can cost as much as
face Transportation Efficiency Act (ISTEA  $8,00010 One system marketed by Oldsmobile
which committed $659 million over six years for offers drivers stored information about local
ITS projects. ISTEA also mandated the U.S. Depoints of interest, such as restaurants, with the op-
partment of Transportation (DOT) to establish thejon to receive updated traffic, weather, and spe-
ITS Architecture Development Program. This pro-cjal event information via a wireless link.
gram brings together DOT, a public/private con- More complex ITS proposals will require more
sortium called ITS America, and various privatesgphisticated technology, both in-vehicle and in
transportation and communication companies fothe public transportation infrastructure, than ex-
the purpose of forming a framework to develop anisting systems now offer. For example, some plans
integrated, interoperable ITS in the Unitedcallfor aradar-equipped vehicle that will sense the
States® More recently, the Federal Communica-distance between it and the car in front and auto-
tions Commission (FCC) has allocated 26 MHz inmatically apply the brakes if the gap is too small.
the 902-928 MHz band for what it terms Trans-Some plans for these Advanced Vehicle Control
portation Infrastructure Radio Service, or TIRS. Systems (AVCS) may also incorporate sophisti-
Among the areas being developed are advancezhted sensing equipment in the roadway, which
traveler information systems that will inform would work in conjunction with systems in the ve-

6 National Research Council, “Primer on Intelligent Vehicle Highway Systéfresportation Research Circular 4#%3shington, DC,
August 1994. See also U.S. Congress, Office of Technology Assesbr@iigent Transportation Systems for Metropolitan America—Back-
ground Paperbackground paper for OTA's Project on the Technological Shaping of Metropolitan America (in progress).

7 Public Law 102-240; Dec. 18, 1991.

8 U.S. Department of Transportation and ITS America, ITS Architecture Development Program; Phase |, Summary Report, Washington,
DC, November 1994.

9 Dead reckoning is a technique by which vehicle location can be calculated and matched to on-board maps by calculating the distance
traveled from a specific starting point.

10w. Clay Collier and Richard J. Weiland, “Smart Cars, Smart Highw#§EE SpectrumApr. 4, 1994, pp. 27-33.
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hicles to automatically track the vehicle down thes People want to be mobile because they can
road at a constant speed toward the driver's des- increase their control and reduce uncertain-

tination.

CHARACTERISTICS OF MOBILITY

At the root of interest in wireless telecommunica-
tions is its ability to accommodate the physical

mobility of people and things. However, our un-=

derstanding of mobility is intuitive and poorly
characterized analyticall. Some of the broad

outlines of mobility are sketched here to provide a

sounder basis for analyzing mobility and its im-

ty in the conduct of their business or personal
affairs. People move to see and do things re-
motely so that they can control their activities
or gather information that reduces their uncer-
tainty.

People want to communicate while moving

or while in transit. They want flexibility in de-
ploying and redeploying assets, services, etc.
In many situations, people cannot predict their
communications requirements, either for type
of service or its location. All of these needs are

plications. Key questions are: Why are people mo-
bile? What are the features and forces that have met by a variety of wireless technologies, at a
shaped people’s mobility patterns? What are the

key trends in mobility? How do wireless technolo-

gies fit with mobile activities? What are the conse-=

quences of mobility?

Mobility has a number of dimensions that give
it different meanings for different people. For ex-
ample, some mobility is local, as in a hospital

where nurses and doctors are constantly on the

move, but within well-defined boundaries. Some
mobility is long-distance, as with cross-country
trucking or cellular roaming to cities outside the

low cost, depending on the application, the data
rate, and security requirements.

People want to communicate and get in-
formation immediately When they are travel-
ing or away from wired telecommunications
links, the urge to be connected is strong. Al-
though one can usually travel to a place that has
communications resources, the time pressures
of today’s society and business world dictate
that those who have easiest access to commu-
nications resources have a competitive advan-

home service area. Some people are mobile but do tage.

not communicate en route, such as executives Typologies like those in table 2-1 could be used
travelling to meetings in distant cities. Othersig develop research programs and data sources on
communicate en route over long distances, such agobility and communications that could assist
salesmen who need to get up-to-date informatioRoth policymakers and business planners. In par-
before meeting their next prospect. While each igicular, this framework could help determine the
mobile, the wireless telecommunications technolpotential scale of wireless communications. Deci-
ogies each would likely use may be quite differ-sionmakers would then know whether particular
ent. Using the single term “mobility” masks its public wireless communications systems are like-
multiple dimensions and deprives it of analyticly to be confined to small populations of workers
precision. Data on mobility characteristics, as deer users, or are likely to be applicable to large seg-
scribed below, do not exist at present. ments of society. They could also provide in-
From the examples of applications given abovdormation on the impact these technologies may
and data on past and projected demand, the fafrave on individuals, organizations, and society at
lowing characteristics or drivers of mobile accesdarge.
can be inferred:

11 One attempt is that of the Cross-Industry Working Team, Corporation for National Research Initiatives, “Nomadicity: Characteristics,
Issues and Applications,” March 1995.
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TABLE 2-1: Typology of Mobility and Comm

Mobility characteristics:
= mobility extensiveness (how far: global, national, regional, local, or home/office)
» mobility intensiveness (how much mobility is required for an activity)

= mode of transport
self-propulsion (walking or biking)
limited occupancy vehicle (private automobile, truck, small boat, or small airplane)
public transport (bus, airplane, or ship)

= variety of routes undertaken
standardized
externally directed (defined by third party)
spontaneous

Activities or information might be categorized by:

.function
data-gathering and entry
data analysis
execution or control of activity or function

.time factors
real time
asynchronous

.information type
symbols
audio
text images
still picture images
moving picture images

.delivery paths
point-to-point
point-to-multipoint
dispatch

.location
information obtained while in transit
information obtained by visiting many locations
information unrelated to location

SOURCE: Office of Technology Assessment, 1995.

JOBS AND MOBILITY particular market segments, such as white-collar

Although the use of wireless technologies is likely ~ Office workers and executives on the road.

to be pervasive, their greatest impacts may be in OTA made a preliminary estimate of high and
working environments and on jobs. Jobs pre-  low degrees of mohility in the work force to illus-
viously fixed may become mobile with new  trate the argument made here. Based on Bureau of
technologies, altering a wide range of business ~ Labor Statistics data, and using rough estimates of

practices. Unfortunately, no government or pri-
vate agency collects data on mobility in employ-
ment, nor are there measures on the degree of
mobility typically associated with particular job
classifications. Private studies tend to focus on

the mobility requirements of jobs across the whole
U.S. economy, OTA estimates that 34 million
people are somewhat mobile and 15 million are
highly mobile for significant parts of their work-
ing day, for atotal of about 44 percent of the U.S.
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TABLE 2-2: Occupations and Mobility Classification, 1994

Total High Moderate
employed mobility mobility Percent

Occupation (millions) workers workers mobile
Executive, administrative, and managerial 154 0.8 3.8 25.8
Service deliverers 12.2 5.7 55 51.3

Engineers, architects, surveyors 1.9 0.9

Social, recreation, religious workers 11 0.5 0.5

Sales representatives, financial and business services 2,3 1.2 1.2

Sales representatives, except retail 15 0.8 0.8

Adjusters and investigators 1.4 0.7 0.7

Protective services 2.2 1.6 0.5

Mechanics, appliances, equipment 1.8 0.9 0.9
Campus/building-wide workers 8.8 0.0 8.0 91.3

Health diagnosing occupations 0.9 0.9

Health assessment and treating occupations 2.6 2.6

Teachers, college and university 0.8 0.8

Health technologists and technicians 15 0.8

Cleaning/building service occupations 3.0 3.0
Workers who move people or goods 6.0 4.2 1.7 33.2

Mail and message distributing 1.0 0.5 0.5

Transportation, material moving occupations 5.0 3.8 13
Outdoor workers 8.3 4.2 4.2 54.2

Construction trades 5.0 2,5 2,5

Farming, forestry and fishing 3.3 1.7 1.7
Others 68.7 0.4 11.0 16.4
Total 119.3 15.2 34.3 44.0

SOURCE: U.S. Department of Labor, Bureau of Labor Statistics, “Employment and Earnings,” January 1994. and Office of Technology

Assessment, 1995.

work force (see table 2-2). Workers may be
grouped in five clusters, asindicated in the table.
Because the criteria used in arriving a these esti-
mates were extremely conservative, it seems like-
ly thisis an under- rather than over-estimate of the
true amount of mobility in the work force.”
There is also some evidence that the number of
mobile workers is increasing as a proportion of to-
tal workers. Using the classifications above-and
past, current, and projected employment levels in
each subcomponent—the pool from which the fu-
ture mobile workforce will be drawn can be illus-

trated (see table 2-3). Such estimates show that
these job clusters will increase 51 percent over the
1983-2005 period, somewhat faster than the pro-
jected growth rate for all jobs, which is 42 percent.
Executive and managerial jobs are projected to in-
crease fastest (73 percent), followed by campus/
building-wide workers (60 percent), and service
deliverers to homes and businesses (54 percent).
Finaly, recent projections of occupationa em-
ployment levels suggest that many of the fastest-
growing job categories are mobile, further
supporting the argument that mobility islikely to

“pye, Inc., “The Growing Emergence of Mobile Workers,” report prepared for Cowles Business Media, 1994, p. 2.
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nications affect peoples’ personal and business
lives? Much remains unknown, and issues are just
beginning to be identified.

TABLE 2-3: Estimated Total Number Of Workers

In Mobile Occupations, 1983-2005 (millions)

Occupations 1983 1994 2005
Executive, administrative 10.8 15.4 18.6 Dlmp”cations for Individuals
d ial k . . . .
Sea::icem da;sgefzz t‘zor o 0o 1y 15, Imereasingly, communication will be made to a
homes and businesses ' ' ’ person, not a place. The potential for more com-
Campus/building-wide - 88 114 plete integration of people v_wth each other_ and in-
workers formation sources may be increased considerably
Workers who move people 5.0 6.0 6.9 with _W|d_espread deployment of wireless telecom-
or goods munications. Networks may center on people
Outdoor workers 8.0 8.3 94  rather than on physical connections, which could
have both positive and negative effects on individ-
Total 40.8 50.7 61.4 uals.

SOURCE: Office of Technology Assessment and Bureau of La-
bor Statistics, 1995. -
Increased Contactability

The most striking impact of wireless communica-
tions systems may be the ability to make and re-
ceive phone calls from any location at any time,
enabling users to be constantly “in touch.” A re-
cent Bellcore survey on telephone use asked
people their opinions on their need to be reachable

be MOre important in the future.” Several other
more limited studies have come to similar conclu-
sions.”

IMPLICATIONS OF INCREASED MOBILITY

Having established that wireless telecommuni-
cations are here to stay, though still not ubiquitous
in business and society, what are the implications
of increased mobility for individuals, organiza-
tions, and society? How will wireless telecommu-

(see table 2-4). Nearly 50 percent agreed with
the statement that “my responsibilities require me
to be ‘easily reachable,’”” even on holidays. About
20 percent of those surveyed disagreed with the
idea that they need to be readily contactable.

TABLE 2-4: Opinions on the Need To Be Reachable

Strongly Strongly No
agree Agree Neutral Disagree disagree answer

My responsibilities require me to be 134 35.4 26 18.9 2.9 35
“easily” reachable

People need to contact me about 125 35.9 21,7 17,5 3.3 31
important matters

There are often times when | urgently 8.3 36,5 29,7 20.0 2.2 3.3
need to get through to another person

| “stay in touch” even when | am on 8.9 40 21,3 20.8 59 31
holiday

SOURCE: Bell Communications Research, “The Telephone: Making It Work Better For You,” Bellcore national postal survey, 1993.

“Bureau of Labor Statistics, Monthly Labor Review, November 1993, cited in Peter Francese, “Cellular Customers,” American Demo-
graphics, vol. 16, No. 8, August 1994, p. 56.

“William F. Ablondi and Thomas R. Elliott, “Mobile Professional Market Segmentation Study,” BIS Strategic Decisions, Norwell, MA, pp.
1-3, and Alison L. Sprout, “Moving Into the Virtual Office,’’ Forfune, May 2, 1994, p. 103.
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TABLE 2-5: Personal Life Improvement Due to
Cellular Telephone Use

Percent of cellular
telephone users agreeing
strongly or agreeing

somewhat in:
Cellular telephones have: 1991 1993
Increased your flexibility 86 94
Increased your efficiency 79 75
Helped you make the most 76 81
of your personal time
Added a significant amount 68 62

of time to your day

Interviewing for the Motorola survey was conducted by tele-
phone between December 1990 and January 1991, and be-
tween March and April 1993. In 1991, the nationally representa-
tive sample size was 650, and in 1993 it was 660 people. In the
1993 survey, 63 percent of the sample was male, 37 percent
was female.

SOURCE: The Gallup Organization, “The Motorola Cellular Impact Sur-

vey: Evaluating 10 Years of Cellular Ownership in America, " Princeton,
NJ, 1993.

Thus, wireless may enable people to remain in
continuous contact. In some cases, this higher lev-
el of connectedness could reduce the sense of
alienation that plagues many people who are out
of physical contact with others. People may feel
secure in dense networks of communications with
people they can rely on, and be able to conduct
many activities with considerable remote control.
Survey research on current cellular users shows
that cellular telephone users feel positive about
the technology with respect to its ability to help
them maintain contacts in both business and pri-
vate life. A survey of usersin 1991 and 1993
yielded the results in table 2-5.

In generd, this survey reports that users believe
that cellular phones help them make better use of
their personal time. About half of respondents
said they feel better connected to their families be-

cause of their cellular telephones. A significant
fraction said they couldn’t do without their cellu-
lar telephone (46 percent), and most believe that
the phone has been a good value for the money (85
percent). Clearly, this data should be viewed with
some skepticism. Respondents were al paying
cellular customers who may justify their purchase
of cellular services by aleging benefits. People
who had tried and ultimately rejected cellular ser-
vices were not polled as to their attitudes.

Although many users clearly value the ability
to communicate more easily, there are drawbacks.
The same device that allows usersto call out en-
ables other people to call in—potentially reducing
privacy and control over one's time.”

Paradoxically, the most important aspect of
the mobile telephone may be the ahility to reach
others with it and to be reachable anywhere,
which implies both absolute mobility and the
opposite of mobility as traditionally understood!
The owner of a mobile telephone maybe highly
mobile, but is aways “a home,” aways “there,”
as long as he or she carries a [persona phone],
thus making simultaneously possible a freely
floating, highly mobile society and a very tradi-
tional, immobile socia and spatial structure.”

The tension between accessibility and privacy
is easy to underestimate, because people may
choose to use communications technologies that
help them perform certain tasks, but that may also
bind them in unwanted ways. People generally
seek wide communications access to others, and
they want to be able to receive messages quickly
and reliably. Yet people seldom want to be univer-
sally accessible to others; they want to limit access
by certain people, they want control over when
they receive calls, and they want to choose with

“1t should be noted that the same concerns were also raised when telephones were first introduced almost 100 years ago. It may take some

years before new social/business protocols regarding mobile telephone use are internalized by society. For users who are bothered by this pros-
pect, the phone can always be turned off-unless an employer expects it to be on.

*J.P. Roos, “300,000 Y uppies? Mobile Telephonesin Finland,” Telecommunications Policy, August 1993, p. 458.



Chapter 2 Mobility and the Implications of Wireless Technologies | 57

whom they communicat¥. There also may be security. Large firms and government agencies
disadvantages of greater accessibility to otherdiave used such dedicated systems for years; how-
While it may be possible to reach a specific perever, due to their expense and size, they have been
son, wherever he or she is, that person may bénavailable to private users or small firms until
reached in an unexpected context. Thus, a call telatively recently. The Advanced Research Proj-
an office worker may reach him or her away fromects Agency (ARPA), for example, has been fund-
desk and files—in the company cafeteria or in théng wireless telecommunications research for
bathroom, for example. The physical context ofseveral years; one of its main interests is in equip-
communication is important to the business thaping soldiers with battlefield personal monitors to
can be conducted, a context that previously wakglay vital signs and injury information to medical

provided by the knowledge that calls reach peopl€enters to provide timely and accurate responses
in fixed places. to the wounded? Similar systems are now being

The inability to control incoming calls, which developed for consumer use. “Electronic house
may come at inconvenient times, may also be regurest” has been enforced with electronic monitor-
ented!8 There may be no easy way to avoid suctng devices that signal when a convict leaves his or
demands: if wireless telecommunications use beier home2t Marathons runners have recently
comes the norm, then turning a phone off combeen issued shoelaces with wireless microchips
pletely may signal to a caller “This person isembedded in them to prevent them from deviating
purposefully limiting availability.” For some from the prescribed cour3é.
people, increased personal psychological stress Information about movement and activities
could result from loss of control over when andalso could be obtained and used in ways that vio-

where people can contact y&u. late privacy. Relations between employers and
employees could deteriorate if some employees
Personal Monitoring and Privacy feel burdened or controlled by employer or job re-

Another implication of increased contactability— quirements. Their supervisors, however, may
when coupled with remote sensing equipment and/elcome the ability to monitor activities even dur-
databases—is the potential for personal passiviag off hours. People may feel that there is no way
monitoring. Both benefits and threats to personaio escape the control of others if they have no
freedoms could occur. The benefits include sysehoice but to be equipped with wireless technolo-
tems that offer remote monitoring of health caregies as part of their jol#S.Chapter 10 discusses
delivery devices and those that protect persondhe privacy of location information in more detail.

17 James E. Katz, “Caller ID, Privacy and Social Proces3etgtommunications Policyol. 14, No. 5, October 1990, pp. 372-411, and
James E. Katz, “Controlling Access: Demographic Characteristics of Unlisted/Nonpublished Subscribers,” Bellcore Technical Memorandum,
Morristown, NJ, 1993.

18 |bid.

19Michael Ventura, “Trapped In the Time Machirtie Washington Pagteb. 12, 1995, pp. C1, C4, excerpted from “The Age of Interrup-
tion,” The Family Therapy Networkerol. 19, No. 1, Jan. 1, 1995, pp. 18-25, 28-31.

20 Randy Katz, wireless project manager, Advanced Research Projects Agency, interview, June 9, 1994.

21 Joseph Hoshen, Jim Sennott, and Max Winkler, “Keeping Tabs on CrimlE&E SpectruFebruary 1995, pp. 26-32, details location
monitoring technologies in use and under development for nonincarceration alternatives to imprisonment. All the techniques use wireless sys-
tems, and newer systems provide highly accurate and continuous monitoring of location. Future systems are envisioned that will be able to
actively restrain people who violate their conditions of parole, such as sounding an alarm or causing an electric shock or other restraining action.

22 shiv Sharma, “Sports Diary¥Manchester Guardian WeekMar. 5, 1995, p. 31.

23For literary treatment of these ideas, see George Orid@84(San Diego: Harcourt, Brace, Jovanovich, 1984), and Jerzy KosinBki's
Painted Bird(Boston: Houghton Mifflin, 1976).



58| Wireless Technologies and the National Information Infrastructure

The specter of gradually ceding the right to be secrets worth keeping and individuals with no
left alone is of great concern to many. The time minds of their owr?>
people spend alone in their automobiles is increas-
ingly a thing of the past as commuters now conPersonal Safety
duct business with cellular telephones, car faxes)Videspread deployment of wireless telecommu-
laptop computers, and books, journals and officeications systems may also lead to an increased
materials on tap&! The feeling of personal soli- sense of personal safety and security, because
tude may well be eroded when a person can makegp@ople can call for help regardless of where they
cellular or satellite phone call from every area ofare, and can report accidents and other incidents in
the planet, or know where someone is located tsituations where assistance may be required. In a
within 10 meters. Gallup survey, a total of 91 percent of respondents
William Safire, theNew York Timesolumnist  believed that having a cellular telephone made
and former speechwriter for President Richardhem safer and more secure, and 90 percent said
Nixon, has commented: they would be more willing to lend a helping hand

| have fended off the threat of intrusive wire-
less communication almost from its inception.
At the Moscow Summit in 1972, President Nix-
on’s chief of staff, H. R. Haldeman, introduced
us to the new “beeperphone.” Through this
amazing paging device, worn on the hip, the na-
tion’s chief executive could instantly track down
any of his score of assistants anywhere in the
capital of the rival superpower at any moment.

Being on the end of an electronic leash did
not appeal to me; indeed, its big-brother aspect
struck me as more representative of the Soviet
society than our own...

Think again about the rush to total intouched-
ness. The telecommunications that produced
telemarketing can produce telefugitives. No
slack can be cut in the wireless wire; a society
with no place to hide produces people with no

to a stranger because they can call for help (table
2-6) 26 Accidents along major roadways in big ci-
ties result in an average of eight calls to 911.

Using communications technology for safety
purposes may be a double-edged sword, however.
Mobile communications are extensively used by
criminals as well as law-abiding citizens, and mo-
bility can make criminals more effective and
threatening® Indeed, the demand for altered
phones is fueled in large part by people who want
to use cellular telephones to commit crimes.

[J Implications for Organizations

Wireless telecommunications technologies will
find a significant role in the workplace and in or-
ganizations. Strategies to deal with the new possi-
bilities of wireless work are being experimented

24 Rajiv Chadrasekaran, “For Some Area Commuters, Work Begins Behind the Wiee/ashington Pashug. 9, 1994, pp. 1, 10.
25\illiam Safire, “Stay Out of Touch,The New York Timeslov. 1, 1993, p. Al.

26 The Gallup Organization, “The Motorola Cellular Impact Survey: Evaluating 10 Years of Cellular Ownership in America,” Princeton, NJ,
1993, p. 11.

27 This common use of cellular telephones has driven much of the secondary growth in cellular subscriptions. Cellular companies have
recognized this and offer payment plans targeted to this segment of the market. However, easy accident reporting sometimes creates problems,
because police must decide which of the calls gives the correct information, location, etc. People vary widely in the accuracy of their reporting.

28“Chicago Council Considers Measure Limiting Pay PhoriEslgcommunications Repar8ept. 19, 1994, pp. 7-8.
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TABLE 2-6: Cellular Telephone Use and Personal Safety

Have you ever used your cellular telephone to call:

Percent responding “yes”

1991 1993
For roadside assistance for your own disabled vehicle 31 38
For roadside assistance for someone else’s disabled vehicle 13
For assistance for your own medical or health emergency 7 13
For assistance for someone else’s medical or health emergency 23 28
The police to warn of hazardous road conditions (e.g., collapsed 24 28

roadway, downed trees, weaving driver, or icy road)

SOURCE: The Gallup Organization, “The Motorola Cellular Impact Survey: Evaluating 10 Years of Cellular Ownership in America, ”

Princeton, NJ, 1993,p.11.

with by a small number of early adopters .29 Inter-
est is growing among policymakers as well; the
National Research Council recently released are-
port addressing some of these issues.”

New telecommunications technologies, princi-
pally computer networks, but also mobile com-
puting and wireless telecommunications systems,
make it easier to decentralize or reconcentrate
central office operations and introduce new spatial
relationships among workers. These changes are
still not widespread, but there is some evidence
that new organizational relationships-such as
subcontracting, teaming and contingent organiza-
tional forms, and greater demands for flexible re-

sponse to changing market conditions—are
facilitated by use of new telecommunications
technologies. ” These are not solely due to wire-
less telecommunications technologies, but it
seems certain that these technologies will play a
role in such restructuring.

Another force driving the restructuring of
physical organizations is the cost of space and fa-
cilities. Firms with large numbers of mobile em-
ployees see the cost of a private office as a drain on
company revenues and some are experimenting
with alternative arrangements that take advantage
of mobile technologies. In occupations where
workers spend a lot of time out of the office, such

“Early adopters were different from later adopters. Researchers are careful not to extrapolate protected usage Patterns too far from this

early adopter group. See DYG, Inc., op. cit., footnote 12, p. 5.

“National Research Council, Research Recommend.aliens To Facilitate Distributed Work (Washington, DC: National Academy Press,
1994), p. 37. The study was requested by the Department of Energy in 1993.

“Thereisagrowing literature in this area. Aspects of this development were addressed in U.S. Congress, Office of Technology Assess-
ment, Electronic Enterprises: Looking to the Future, TCT-600 (Washington, DC: U.S. Government Printing Office, May 1994). See also Robert
G. Eccles and Richard L. Nolan, “A Framework for the Design of the Emerging Global Organizational Structure,” in Globalization, Technology,
and Competition: The Fusion of Computers and Telecommunications in the 1990s, Stephen P. Bradley, Jerry A. Hausman and Richard L. Nolan
(eds.) (Boston, MA: Harvard Business School Press, 1993), pp. 57-80; Tom Malone, J. Yates, and R. |. Benjamin, “Electronic Markets and Elec-
tronic Hierarchies: Effects of Information Technology on Market Structure and Corporate Strategies,” Communications of the ACM, vol. 30,
No. 6, June 1987, pp. 484-497; Ajit Kambil, “Information Technology and Vertical Integration: Evidence from the Manufacturing Sector,” in
Steve S. Wildman and Margaret Guerin-Calvert, Electronic Services Networks: A Business and Public Policy Challenge (New York, NY: Praeg-
er, 1991); Stuart Smith, David Transfield, Hohn Gbessant, Paul Levy, and Clive Ley, “Factory 2000: Design for the Factory of the Future,”
International Sudies of Management and Organization, vol. 22, No. 4, pp. 61-68. Examples focusing on wireless include: Mel Mandell, “ Of-
fice of the Future?’ Across the Board, October 1994, pp. 45-47; Alison L. Sprout, “Moving into the Virtual Office,’’ Fortune, May 2, 1994, p.
103; Kirk Johnson, “Evolution of the Workplace Alters Office Relationships,” New York Times, Oct. 5, 1994, pp. Bl, B3.
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as insurance adjusters or management consuien. They may have less face-to-face contact with
tants, alternatives could produce cost savfifgs. co-workers and spend significant amounts of time
Nonterritorial or just-in-time offices are organized away from their familieS/ Employee stress and

as shared facilities; work stations are allocated oburnout may increase in companies that adopt mo-
a first-come, first-served basis or are shared witlbile office concepts. In some cases, employees are
specific people. Moving to these newer organizaresponsible for some of the costs associated with
tional forms reduces the importance of place anevorking on the road and for their home base; hav-
increases the importance of communications linkeng to pay these costs themselves could undermine
and networks. Further deconcentration may be fanorale. Mobile workers typically work longer
cilitated by the widespread availability of wirelessand harder than their office-located counterparts.
telecommunications. Long-term productivity Reconciling the desire to get more work out of em-
benefits are as yet unknown because the shonployees with the need to keep morale high poses
term real estate savings, which can be signifisome dilemmas for firms.

cant33 may mask the effect of mobile office

designs on work performance and employee deProductivity and Efficiency

velopment4 In business, the ability to be in touch with others
Mobile work may result in more individual au- through wireless telecommunications may be a
tonomy for workers because they will increasingreal benefit to those who spend time away from
ly be able to work outside of traditional office telecommunications systems unwillingly, such as
settings3> Managers will have less visual assur-road-bound sales representatives, nurses on the
ance of job performance, and will have to relymove, or soldiers in the field. There is growing ev-
more on other, perhaps performance-based, meglence that wireless devices drastically cut the
sures of job fulfillmeng® Many supervisors ask time required to locate people in offices and hospi-
how they can be sure their employees are workingals38 Stockbrokers find it increasingly difficult
when they are not in the office. to be out of touch with the global securities and fi-
On the other hand, such wireless-facilitatedhancial markets because a gap in their trading day
mobile work may also increase workers’ isola-can mean large shifts in market positions and

321BM has cut real estate costs by 50 percent for its marketing and sales costs in the New York-New Jersey area by moving to a converted
warehouse in Cranford, New Jersey. Office space decreased by 75 percent, and only 200 of the 700 employees have permanent desks. Ira Sager,
“The Few, the True, the BlueBusiness Weekjay 30, 1994, pp. 124-126. In one comparative study of such new office facilities, consulting
firms Anderson Consulting in San Francisco and Ernst & Young in London reduced their need for space by 68 and 32 percent, respectively,
saving $137,000 and $383,000 per year in gross space costs for 70 and 96 people. Franklin Becker, Bethany Davis, and William Sims, “Using
the Performance Profile To Assess Shared Offidescilities Management JournaVay/June, 1991, pp. 13-29.

33 Mel Mandell, “Office of the Future?Across the BoardOctober 1994, pp. 45-47.
34 Sue Shellenbarger, “Overwork, Low Morale Vex the Mobile Offidée Wall Street JournaRug. 19, 1994, pp. B-1, B-4.

35DYG, Inc., op. cit., footnote 12, lays out many of the characteristics of this type of worker, often called the untethered worker, the mobile
worker or the self-contained worker. See also Mark Weiser, citation in National Research Council, op. cit., footnote 30.

36 For example, see National Research Council, op., cit., footnote 30, pp. 12-13. This point is echoed frequently in the business press and
wireless telecommunications trade press.

37 Kirk Johnson, “New Breed of High-Tech Nomads: Mobile Computer Carrying Workers Transform Comparedsgw York Times,
Feb. 8, 1994, pp. B1, B5.

38 One study found that the time: 1) required to locate a nurse fell from 28 minutes to 20 seconds with a wireless, office-based telephone
system, 2) a nurse waited by a phone for a returned page fell from 52 minutes to less than 2 minutes, and 3) callers were put on hold fell from 62
minutes to 36 minutes. “Effects of Communication Delays on Hospitals: SpectraLink Workflow Study Results, August 1993,” SpectralLink
Company document, n.d.
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TABLE 2-7: Business Performance Due to Cellular Telephone Use

Percent of cellular telephone
users agreeing strongly or
agreeing somewhat in:

Cellular telephones have: 1991 1993
Increased your flexibility 91 97
Increased your efficiency 87 91
Enhanced communications which has made your life less stressful 83 82
Made you more productive at work 81 84
Made you more competitive 67 73
Added a significant amount of time to your day 78 80
Made you more successful in business 70 74

SOURCE: The Gallup Organization, “The Motorola Cellular Impact Survey: Evaluating 10 Years of Cellular Ownership in America,”

Princeton, NJ, 1993,

values. Stock quote devices such as QuoTrek,
Quotam, and Metriplex deliver up-to-date in-
formation via digital broadcasting facilities or FM
side bands generated by radio stations .39 Users, at
least, believe that wireless technologies improve
their performance (table 2-7).

Wireless telecommunications may increase
productivity for workers who can perform parts of

TABLE 2-8: Annual Productivity Gains Attributable to Cellular Telephone Use

their jobs in the “dead time” while in transit be-
tween places, as noted above. One study assessed
employees' ability to recapture time spent away
from the office by using cellular telephones.”
Table 2-8 gives the annual productivity gains for
broad job categories.”

Larger amounts of time recaptured in this mod-
el yield greater productivity gains. Thus, if a sales

Average Time spent Annual
hours lost making productivity
Annual per week cellular calls, gains per
income away from hours per employee,*
Occupation (dollars) office week (dollars per year)
President or chief executive officer 100,000 12.4 1.2 2,220
Sales or other revenue-generating employee 65,000 18.8 1.6 1,200
Middle management/director/ supervisor 65,000 9.6 1.2 780
Field service person/technician 60,000 15,5 1,3 680
Technical/R&D 45,000 7.4 11 -60
Administrative/secretarial 30,000 3.3 0.7 -550
Entry level 25,000 3.7 0.7 -680

SOURCE: “Cellular Use and Cost Management in Business,” study prepared for PacTel Cellular by Yankelovich Partners, Newport

Beach, CA, 1993, pp. 15-18,

*Jay Mathews, “Getting a Grip on the Markets,” Washington Post, May 20, 1994, pp. Fl, F3.
““Cellular Use and Cost Management in Business,” study prepared for PacTel Cellular by Yankelovich Partners, Newport Beach, CA,

1993.

" Senior executives in the large-sample survey reported they were away from their offices 149 minutes per day, and that they used cellular
telephones about 10 percent of this time. The study then calculated the annual productivity gain by multiplying time recaptured by the average

wage rates for various job classifications.
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TABLE 2-9: Survey Respondents’ Estimates of Time
Added Per Day Due To Cellular Telephone Use

1991 1993
Time added per day (percent) (percent)
A half-hour or less 31 38
Between a half-hour and an hour 16 17
1 hour 23 24
2 hours 17 11
3 hours 4 3
4 hours or more 3 1
Don't know/not sure 6 3
Lost time/very little NA 3
Mean average (hours) 1,06 0.92

SOURCE: The Gallup Organization, “The Motorola Cellular Im-
pact Survey: Evaluating 10 Years of Cellular Ownership in Amer-
ica,” Princeton, NJ, 1993.

representative recaptured 20 percent of time away
from the office, the productivity gain would be
about $3,540. The negative figures for technical,
R&D, administrative, and entry level categories
indicate that the productivity gain due to recap-
tured time does not cover the cost of wireless ser-
vice and equipment.

Another survey reported on the time added to a
person’s day, which averages about one hour, and
on productivity, which averages about 35 percent
(tables 2-9 and 2-10).”

Although these numbers are suggestive of the
positive effects mobile wireless technologies
could have on productivity and efficiency, few
studies of the deployment of these technologies
have been undertaken. The National Research
Council report on distributed work notes that such
work can enhance productivity, but it also sug-
gests that sociological and organizational studies
of distributed work will be needed to ensure that
distributed work can be carried out to serve the
needs of individuals and organizations effective-

TABLE 2-10: Survey Respondents’ Estimates of
Productivity Increases Due To Cellular Telephone Use

Productivity 1991 1993
improvement (percent) (percent)
Zero 9 16
10 17 1
20 15 18
30 15 12
40 6 6
50 10 1
60 4 3
70 6 6
80 6 9
90 2 3
100 4 1
Don't know/not sure 6 4
Mean (percent) 36 34

SOURCE: The Gallup Organization, “The Motorola Cellular Im-
pact Survey devaluating 10 Years of Cellular Ownership in Amer-
ica, " Princeton, NJ, 1993.

ly.”In addition, productivity improvements due
to communications and computing technologies
are difficult to measure.” Quantitative research is
needed to determine the effects of wireless tele-
communications on productivity.

Olmplications for Society

Universal Service
One of the promises of wireless systemsis that
they can provide communication and information
services to citizens who cannot access them via
wireline models or who cannot afford them. While
about 94 percent (240 million) of the U.S. popula-
tion currently have telephone service, 6 percent
(15.3 million) do not. A number of underserved
populations could benefit from the use of wireless
technol ogies (see chapter 9).

For example, there are four to five million mi-
grant farmworkers without a permanent residence

“The Gallup Organization, op. cit., footnote 26. These figures have declined from 1991 to 1993, probably because more cost-conscious

users, the so-called “second-tier” users, have subscribed.
“National Research Council, op. cit, footnote 30, p. 37.

“U.S. Congress, op. cit., footnote 31, pp. 51-52. See also, Richard A. Kuehn, “Enhanced Technology Doesn’t Always Enhance Productiv-

ity,” Business Communications Review, vol. 24, No. 4, April 1994, p. 83.
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living and working in the United Staté2,and nications together with easy transportation may
possibly two million homeless people living in exacerbate travel patterns already in place due in
shelters or on the stre®t.These people are in- part to earlier development of transportation and
herently mobile, and thus have the most difficultcommunications infrastructuré®.Past telecom-
time gaining access to reliable and affordablemunications development facilitated (though
communications servicég.There is currently no probably did not cause) the growth and power of
effort at the federal level to address their need fomajor cities and urban cores, while at the same
telecommunications access. time enabling production to be coordinated in fac-
Recently, social agencies have begun to prowories located outside the cities. In many cases, the
vide homeless people with voicemail boxes to fadispersal of production into outlying areas pro-
cilitate their efforts to find employment, and to moted the relocation of people to those areas as
stay in touch with support services, families, andyell. While this migration was not caused directly
others?® Advocates for the homeless say that oppy either telecommunications or transportation
timally, people should have access to immediatgystem improvements, it is unlikely that such
communications, such as might be provided byhanges would have been so great without them.
wireless, which would help assure better safety, The effect of wireless telecommunications on
services and employment prospects, all key cortravel behavior and land use has not been widely
cerns for the homeless. Failing personal telephonstudied, but preliminary work suggests that it may
service, voicemail is an attractive alternative.  contribute to urban and suburban sprafvAl-
ready there is evidence that car offices are used in-
Land Use and Transportation Effects creasingly by mobile professionals and
Regional sprawl may also be associated with wireservice! This minimizes the need for costly of-
less telecommunications—easier mobile commufice overhead, but presumably increases the time

45U.S. Department of Health and Human Services, Public Health Service, Health Resources and Services Admimightitioot State
Profiles Which Estimate Number of Migrant and Seasonal Farmworkers and Members of Their Fefagigagton, DC: U.S. Government
Printing Office, March 1990); National Advisory Council on Migrant Hea®93 Recommendations of the National Advisory Council on
Migrant Health,(Rockville, MD: National Advisory Council on Migrant Health, May 1993). Migrant workers are difficult to identify, because
of their mobility and language differences from the majority population. Various federal agencies have different definitions and counting meth-
ods. See Valerie A. Wilk;he Occupational Health of Migrant and Seasonal Farmworkers in the United, $tsiésiington, DC: Farmworker
Justice Fund, Inc., 1986), pp. 11-12.

46 National Coalition for the Homeless, “How Many People Are Homeless in the U.S. and Recent Increases in Homelessness,” information
sheet, issue no. 5 (Washington, DC: Homelessness Information Exchange, National Coalition for the Homeless, January 1994). The Census
Bureau estimates, conservatively, that there are about 250,000 homeless people in the United States. U.S. Department of Commerce, Bureau of
the CensusStatistical Abstract of the United States, 1084shington, DC: U.S. Government Printing Office, September 1994), table 84, p. 69.

47 See Chantal de Gounay, “L’age du citoyen nomagsptit Paris, France, no. 11, November 1992, pp. 113-126, for a discussion of con-
temporary nomadism and culture in advanced industrial societies.

48N.R. Kleinfield, “For Homeless, Free Voice Mail Can Be a Key to a Normal LTiteg"New York Timegan. 30, 1995, pp. B1, B6; “Hold
My Calls,” NewsweekMar. 30, 1992, p. 9; “No Home: Please Hol@ltle EconomistDec. 18, 1993, p. 29.

491thiel de Sola Pool et al., “Foresight and Hindsight: The Case of the TelephdFteg’Sucial Impact of the Telephotibiel de Sola Pool
(ed.), (Cambridge, MA: The MIT Press, 1977), pp. 127-158.

50 Younghbin Yim, Institute of Transportation Studies, University of California, Berkeley, interview, Jan. 24, 1995. See also Youngbin Yim,
Adib Kanafani, and Jean-Luc Ygnace, “Expanding Usage of Cellular Phones: User Profile and Transportation Issues,” PATH Research Report,
UCB-ITS-PRR-91-19, (Berkeley, CA: University of California, Institute of Transportation Studies, Program on Advanced Technology for the
Highway, December 1991).

51 See, for example, Sue Ellen Christian, “It's Not a Car, It's a Mobile Offiieg’ Washington Pgséug. 8, 1994, pp. 17, 21.
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spent on the road, and enables greater decoaecount for urban form and land use, including
centration from central facilities. Much more sprawl, and what role wireless telecommunica-
work will be required to determine what factors tions technologies may pl&y.

52 An ongoing OTA study is examining questions of information and other technologies and urban form. See U. S. Congress, Office of
Technology Assessmeffiechnological Reshaping of Metropolitan Ameri@a,progress).



Part B:

Wireless
Technologies
and Applications

Developing a framework for discussing andlines: voice, data, and broadcast and high-band-
analyzing wireless technologies in the context ofvidth applications. This scheme is not perfect;
the National Information Infrastructure (NII) there will be overlap among categories and be-
poses many challenges. Historically, systems angveen systems, particularly as technology contin-
services were classified and regulated in terms ajes to advance. Some, but not all, distinctions
the technologies used to transmit or delivembetween the categories, for example, will likely
them—Dbroadcast, telephone, cable, satellite, celfisappear as different systems begin delivering
lular, microwave, and so on. Such distinctionsgimilar services and information. However, many
however, are less meaningful now because the diystems are likely to remain much the same well
fusion of digital technology and the convergencanto the future. Different consumer and business
of services have blurred the categories. Other cat@peds and costs will drive users to make many
gorization schemes have been suggested basggdeoffs—between cost and coverage and speed
on: 1) technology drivers, 2) differences in theang cost, for example—allowing many different
type of service delivered (mobile or fixed access)yypes of systems and services to survive and pros-
3) broadband or narrowband, and 4) level of interper chapters 3, 4, and 5 discuss the technologies
activity. being developed to provide wireless voice, data,

To present the technologies and their applicas 4 vigeo/broadband services, respectively.

tions in the most intuitive and understandable ) ) o
way, the Office of Technology Assessment uses & Voice Technologies and Applications
scheme that divides wireless technologies and ap- Wireless Data . . ,
plications along functional, service-oriented " Broadcast and High-Bandwidth Services
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Voice
Technologies
and
Applications 3

uch of the media attention surrounding wireless

technologies has focused on mobile telephone services,

primarily cellular telephony and new Personal Commu-

nication Services (PCS). Industry representatives and
analysts have pointed to the high growth rates of cellular service
as evidence of pent-up demand for mobile voice services. In re-
sponse to this perceived demand, existing wireless carriers and
new companies are planning to greatly expand the capacity and
variety of wireless voice services they provide. The first part of
this chapter examines the systems—both existing and under de-
velopment—that will offer mobile voice communication ser-
vices. Mobile data services, often provided by the same physical
systems, are discussed in the following chapter.

In addition to providingnobileservices, wireless technologies
can also be usediixedapplications—to provide telephone (and
data) service to homes and businedsRadio-based technolo-
gies may serve some households more efficiently or easily than
traditional wireline technologies, and, in particular, wireless may
be less expensive than wireline in remote areas, where long cop-
per loops are expensive to install and maintain. However, wire-
less may play a role even in urban areas because it may allow new
competitors to enter the market for local telephone services. With
a few transmitters, new entrants can provide local exchange ser-
vice to a neighborhood, avoiding the expense of re-creating the
incumbent local exchange carrier's extensive copper network.

1“Fixed” refers to the fact that the user’s equipment is physically connected to a spe- | 67
cific location.
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Fixed wireless services are discussed in the sec-

ond half of this chapter. Many of the issues and im-
plications of deploying wireless voice services in
the National Information Infrastructure (NII)—
such as interconnection, health concerns, and
standards—are discussed more extensively in
later chapters.

FINDINGS

= The regulatory distinction between mobile
and fixed wireless services, while based on
valid historical, technical, and regulatory
reasoning, is becoming increasingly unclear
and should be revisitedThe wireless technol-
ogies that will be used to provide mobile tele-
phone services and fixed services are very
similar. In fact, it is possible to serve both fixed
and mobile users with the same network. Cur-
rent regulations, however, continue to treat
fixed and mobile voice services differently,
based on technical limitations that no longer
exist and the protection from competition that
regulators afforded the local telephone compa-
nies. Under current rules, the treatment of vari-
ous mobile service providers—including
cellular and PCS—regarding services provided
to fixed locations remains inconsistent and un-
clear. The Federal Communications Commis-
sion (FCC) may need to clarify the conditions
under which wireless providers can provide
fixed service. Without action on this issue,
wireless will be unable to compete effectively
in the market for local telephone service.

= OTA finds that the amount of spectrum ded-
icated to terrestrial mobile voice services is
currently adequate, but additional alloca-
tions may be required over the long term.
Over the last three years, the FCC has allocated
a large amount of spectrum for terrestrial mo-
bile services. This should provide adequate ca-
pacity for current mobile voice services until

after the turn of the century. However, if current

voice systems plan to upgrade their services to
provide high-speed data, video, and multime-
dia applications, current spectrum allocations
may be inadequate in the long term. If high-

bandwidth services take off, additional spec-

trum may be needed.

The need for additional spectrum for com-
mercial mobile satellite services, however, is
less clear.U.S. satellite companies have long
maintained that international and domestic fre-
guency allocations are inadequate—Ilimiting
the services that can be provided and the num-
ber of companies that can compete in the mar-
ket. The U.S. government has vigorously
pursued additional spectrum allocations in in-
ternational fora for a number of years, an effort
that will continue at the 1995 World Radiocom-
munications Conference. However, at least five
companies are poised to enter the satellite voice
communications market over the next five
years, and more firms may try to join in. Given
the number of companies planning to offer sat-
ellite-delivered voice communications ser-
vices and the uncertainty of the demand for
such services, it is far from certain that the mar-
ket will be able to support these firfiSuch
spectrum needs should be carefully evaluated
against other uses of the spectrum.

Public safety users have long fought for
more spectrum, but their needs continue to
be unmet. Congestion of public safety radio
spectrum is common, and users report that it
can seriously impact the usefulness of public
safety radio systems. The growing use of data,
images, and even video in law enforcement will
severely tax public safety radio frequencies. A
recent congressionally mandated FCC study of
public safety spectrum needs has been criti-
cized by the public safety community for seri-
ously underestimating their needs. A more

2 For amore complete discussion of the marketing and technical challenges facing mobile satellite companies, see U.S. Congress, Office of
Technology Assessmerithe 1992 World Administrative Radio Conference: Technology and Policy Implic&idAsl CT-549 (Washing-

ton, DC: U.S. Government Printing Office, May 1993).
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indepth evaluation of these needs is requiredyances in wireless technologies have made it pos-
including an analysis of technology trends thatsible to imagine a future in which communication
could either alleviate the problems or exacercan take place anytime and anywhere. Mobile
bate them. phone services, which allow users on the move to
= The emergence of competition in the market formake and receive calls much as they would with
mobile voice communications is likely to bene-an ordinary wireline phone, will play an increas-
fit consumers by lowering prices, encouragingingly important role in the NIl. Within a decade,
higher quality and reliability, and promoting according to some projections, there could be al-
innovation that could lead to a wide range ofmost 100 million mobile phones in uééNew
new services. Howevenew competitors to  wireless technologies may lead to a shift in the na-
the incumbent cellular service providers will  ture of communications, away from today’s mod-
face technical and economic challenges that el of place-to-place communications to one based
may ultimately result in the benefits of com- on person-to-person communications.
petition being less than proponents predict
For example, although a given geographic are@] The Evolution of Mobile Telephone
could potentially have up to 10 competing mo- Service

bile telephone providers, it is unlikely that the \1opije telephone service began in 1946t sub-
more sparsely populated, rural areas of the nas.ipership grew very slowly. Because the FCC al-
tion will see this level of competition. These 504164 only a small amount of spectrum to mobile
areas will not have enough prospective CustoMgg|anhony, systems were limited in the number of
ers to support a large number of service providysers they could support. Demand for service
ers. The long-term effect may be that in some, ickly outstripped capacity, leading to poor ser-
areas, competition will not be sustainable andjice ot husy times of the day. Users often would
the benefits promised do not materialize. Al-paye 1o try several times before their call went
though such shakeouts are a normal byprodugh, o, gh. In some cities, carriers had to restrict the
of competition, their longer term effects on ,,mper of subscribers in order to maintain a rea-
prices and the diversity of services remain Unggnapie level of service. For example, in 1978, the
certain. If and when wlreless communicationsy, g pile telephone system in New York served only
systems become carriers of last resort, the €555 cystomers, and there were 3,700 customers on
fects of these long-term market structure conyhe \ajting lis€ Even with restrictions on the
cerns will be magnified. number of subscribers, over half of the calls at-
tempted did not go through.
MOBILE VOICE SERVICES Wireless telephone service entered a new era
For most of the history of telecommunications,when the first cellular telephone system began op-
users have only been able to communicate to arefating in Chicago in 1983. The FCC allocated
from fixed locations—wherever the copper wiresmuch more spectrum to the cellular operators than
could reach. In the past few years, however, adt had previously allocated to mobile telephone

3 Personal Communications Industry Association, “1994 PCS Market Demand Forecast” (Washington, DC: Personal Communications In-
dustry Association, January 1995); Personal Communications Industry Association, “PCIA 1995 PCS Technologies Market Demand Forecast
Update, 1994-2005,” (Washington, DC: Personal Communications Industry Association, January 1995).

4The first system was in St. Louis. In less than a year, mobile telephone service was being offered in more than 25 cities. For a discussion of
the early history of mobile communications, see George Calliigital Cellular Radio(Norwood, MA: Artech House, 1988).

5 William C.Y. Lee,Mobile Cellular Telecommunicatiorislew York, NY: McGraw Hill, 1995), p. 2.
6 Ibid., p. 3.
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FIGURE 3-1: Cellular Subscribership
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SOURCE: Office of Technology Assessment, 1995.

gy alowed system operators to use their spectrum
more efficiently. Subscribership grew steadily in
the 1980s, as businesses and professionals recog-
nized the advantages of being able to stay in touch
at al times (see figure 3-1); in the early 1990s,
subscriber growth reached 40 per cent per year.’
As prices have decreased, however, the profile of
the typical cellular user has changed. Cellular car-
riers have begun to tap the broader consumer mar-
ket and attract customers who use their phones for
personal, rather than business, calling. There are
now over 24 million users of cellular service.’
Many believe that the high rate of growth in
mobile telephony will continue for the foreseeable
future. In part, these projections are based on the
fact that cellular penetration is still only 10 per-
cent of the potential market.”However, future
growth will also be driven by technological ad-
vances that enable a more functional, lower cost
service. Handsets are becoming smaller, lighter,
and less expensive, continuing their evolution

from bulky car phones to small portables. In addi-
tion, the transition from today’s analog wireless
technology to digital technology will allow wire-
less systems to support many more users a a low-
er cost per user. The combination of affordable
service and small handsets has allowed service
providers to envision a future in which tens of mil-
lions of users take pocket phones with them every-
where they go.

The projected growth in demand for mobile
telephone service led the FCC to dlocate alarge
amount of additional spectrum to mobile telepho-
ny in 1994. This new spectrum will be shared by
up to six additional wireless operators in each
market. The FCC refers to these new licensees as
Personal Communications Service providers, re-
flecting the new vision of mobile communications
systems targeted to users with pocket phones rath-
er than car phones. PCS providers will compete
with the existing cellular operators, driving the
cost of mobile telephony down even further, and
also will explore new niche services. Some PCS
providers plan to offer service by the end of 1995,
but most of the new operators will not begin ser-
vice until the end of 1996 or early 1997. Addition-
a competition will be provided by the Specialized
Mobile Radio (SMR) operators, who are begin-
ning to transform their dispatch systemsinto true
mobile phone services by deploying a new genera-
tion of technology.

New technologies are aso expanding the reach
of mobile communications services. For example,
network operators are increasingly providing in-
building coverage in arenas, train stations, and
public buildings. In addition, the deployment of a
new generation of satellite systemswill allow us-
ers to communicate wherever they are in the
world-on ships, on airplanes, and in remote
areas that could never support a terrestrial wireless
service such as cellular. In the future, a single
phone may be able to act as a cordless phone in the

"Cellular Telecommunications Industry Association, Indusrry Data Survey, December 1994-

*Ibid.
*Ibid.
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home, a cellular phone in the city, and a satelliteCellular Telephony

phone when traveling in remote areas. Seamlesgellular is the best known and most established
systems that integrate all of these functions willmobile telephone service, drawing its name from a
help realize the vision of “anytime” and “any- system design concept that allows for efficient use

where” personal communications services. of the spectrum. At first, cellular operators de-
_ signed their networks to provide a car phone ser-
[IServices and Users vice. Over the past decade, however, techno-

Three mobile phone services--cellular, PCS, andlogical advances have allowed the manufacture of
SMR---use terrestrial wireless technologies, rely-small portable phones that weigh only a few
ing on antennas mounted on buildings and towergunces. As a result, cellular systems increasingly
to provide radio coverage in cities and along high-are being designed to provide good coverage for
ways (see figure 3-2 ). These terrestrial systemgedestrian users as well, both indoors and on city
will be complemented by mobile satellite ser-streets. Cellular systems are operational in most
vices, which can provide mobile telephone servicecities and larger towns, and along most major
in areas where terrestrial systems are not viable. highways as well.

is difficult to draw distinctions between the three The cost of becoming a cellular user has de-
terrestrial mobile telephone services because thelined substantially over the past decade, due pri-
technology they use and the services they providenarily to the impact of economies of scale on the
are similar. However, they differ to some extent incost of the phone. The apparent cost of the hand-
their history, industry structure, and target market.sets is further reduced by subsidies that the cellu-
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As cellular telephone technology has advanced, phones have
become progressively smaller and lighter, as seen here with a
car-mounted cellular phone (top left), a transportable phone
(bottom left), and a pocket-sized phone (above).
who use their phones primarily for personal call-
ing or in case of emergencies have signed up, the
average monthly bill for cellular service has de-
clined from $96.83 in 1987 to $56.21 in 1994.
Cellular users can choose between two provid-
ers in each market. One of the carriers, Bgde
orwireline carrier, is a subsidiary of the local tele-
phone company; the other carrier, theside or
nonwireline carrier, is independent-although
many A-side carriers have been acquired by or en-
tered into agreements with telephone companies
operating out of their home territories. In creating
lar carriers use to attract new customersthe cellular industry, the FCC divided the country
Customers then pay a basic monthly rate, as welhto 734 markets and assigned licenses separately
as a per-minuteaiime charge. Airtime charges for each market. As a result, ownership in the in-
vary by company and by time of day, but typicaldustry has been highly fragmented. Over the past
rates during the day range from 30 to 40 cents peseveral years, however, there has been consider-
minute, with lower rates in the evening and onable consolidation as carriers have acquired or
weekends. Carriers also offer a range of callingnerged with other carrierS.In part, industry con-
plans, targeted at different users, that includsolidation has been driven by the need to assemble
some “free” minutes. As lower volume customerscapital for the PCS auctions, but it also allows car-

[[s] ki,
Il See. forexample, John ). Keller and Leslie Canbey, “Fear of Being Left Out of & Wireless Pature Spurs Frantic Alliances.”™ The Wall Sareer

prnal Oer 79 1994 o Al
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BOX 3-1: Roaming

When the Federal Communications Commission created the cellular industry, it divided the nation
into many small license areas. Because users did not want to be restricted to using their home system,
the cellular 'industry has worked to make it possible for users to make and receive calls while traveling
outside the home area. This is called roaming.

One basic requirement for roaming—that a user’'s phone be compatible with all cellular systems—
was met when the FCC instructed all cellular carriers to use the same technology, the Advanced Mobile
Phone System (AMPS). In the future, however, compatibility may not be guaranteed. The FCC has not
specified a standard technology that all carriers have to deploy as they upgrade to digital, the next
generation of cellular technology. These standards issues are discussed in detail in chapter 6.

Roaming also requires that the home and visited systems be able to exchange messages about the
roamers. Before it allows a roamer to make a call, the visited system checks with the roamer’s home
system to determine if they are a valid user or a fraud risk. The visited system also tells the roamer’s
home system where its customer is located. The home system is then able to forward any incoming
calls to the visited system, allowing users to receive calls wherever they are located. To exchange mes-
sages about roamers, the cellular industry has set up roaming networks using leased lines and special
computer communications systems.

Roaming has become easier over the past five years, but can still be problematic. Not all carriers
have deployed the most advanced roaming technology. In some cases, roamers have to give a credit
card number before they can make a call or have to dial a special code in order to activate call delivery
every time they enter a different service area. In addition, carriers often impose a daily fee on roamers,
as well as per-minute charges much higher than their home airtime rates, although carriers have begun
to compete with each other on roaming charges. Roaming is generally easiest among properties owned
by the same carrier, or among carriers that have agreed to an alliance that includes a common brand

name.

SOURCE: Office of Technology Assessment, 1995.

riersto offer alarger service areathan their com-
petitor, an important selling point.

The recent consolidation is the latest effort by
the cellular industry to overcome the fragmented
licensing structure imposed by the FCC. In the
early years of cellular, subscribers were limited to
service within their home market. But users soon
demanded the ability to make calls when they
traveled in other cities or to continue calls when
they drove into aneighboring license area. Users
needed to be able to temporarily use another oper-
ator’s system, which is known as roaming (see
box 3-1). Cellular carriers have worked together
to develop the technologies and business relation-

ships that allow users to make and receive calls
outside their home service area, but roaming is
gtill not aways seamless. Users may have difficul-
ty placing calls, and calls to them may require call-
ers to know where they are and dial access codes.
Moreover, users incur substantially higher airtime
charges when roaming, often $1 per minute or
more.

Personal Communications Services

In 1993, the FCC reallocated 120 megahertz
(MHz) of spectrum for PCS.”This spectrum is
between 1850 and 1990 MHz, often referred to as
the 2 gigahertz band (cellular, on the other hand, is

*Federal Communications Commission, Second Report and Order, Amendment of the Commission’s Rules To Establish New Personal
Communications Services, GEN Docket No. 90-314,8 FCC Rcd 7700 (1993).
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FIGURE 3-3: PCS Spectru
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SOURCE: Office of Technology Assessment, 1995.

in the 800 megahertz band). The 120 MHz will be
divided among six licensees in each mar-
ket—three will get 30 MHz and three will get 10
MHz (see figure 3-3). The 30 MHz blocks are
comparable in size to the 25 MHz blocks assigned
to the cellular carriers, while the 10 MHz blocks
could either be used for niche services or aggre-
gated with other PCS or cellular spectrum. De-
pending on whether the 10 MHz blocks are used
for a stand-alone service or aggregated with other
spectrum, there will be between three and six PCS
carriers in each market.

The FCC has defined PCS broadly as a “family
of services’ that will serve a variety of commu-
nications needs.” In practice, the term PCSiis
used less to define a particular wireless service
and more as alabel for the operators that will be
using the new 2 GHz alocation. At frost, it was be-
lieved that PCS providers would offer a service
somewhat distinct from that offered by the cellular
operators. According to this concept, PCS would
be alower cost service than cellular, but would not
offer the same functionality. It would be an en-
hanced cordless phone or low-tier service that
would not support vehicular-speed mobility, but
would still allow pedestrian users to make and re-
ceive cals. Because the system would not be re-
quired to support vehicular-speed mobility, the

®|bid., p. 7713.

handsets could be simpler and therefore smaller,
lighter, and less expensive.

Over the last several years, however, proposed
PCS services have begun to look more like those
offered by the cellular carriers. One reason isthat
potential licensees have come to believe that there
is greater demand for a service that can be used in
both the pedestrian and vehicular environments.
Moreover, even high tier cellular-type handsets
are becoming smaller and less expensive. As a re-
sult, it now appears that the main impact of the
new PCS spectrum will be in providing competi-
tion to the two existing cellular carriers.

In 1994, the FCC granted pioneer’s preference
status to three companies that the Commission be-
lieved had done significant work in experimenting
with new PCS technologies.” These licensees—
in Los Angeles, New Y ork, and Washington—
have aready begun constructing their networks
and may be offering service by the end of 1995.
The other PCS licenses are being assigned this
year by auction. The first round of auctions, for
two of the 30 MHz licenses, ended in March, and
the remaining licenses will be auctioned later in
1995. Thefirst of the systems built by an auction
winner is not expected to be operational until the
end of 1996.

*Federal Communications Commission, Tentative Decision and Memorandum Opinion and Order, Amendment of the Commission’s Rules
to Establish New Personal Communications Services, GEN Docket No. 90-314, Nov. 6, 1992. ‘he FCC granted pioneer’s preference licenses to
American Personal Communications (AX) (for the Washington market), Cox Enterprises (Los Angeles), and Omnipoint Communications

(New York).
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In the first round of auctions, three entities acwvice to several different businesses. Taxicabs,
quired many of the licenses. One consortium thgblumbing companies, and limousine services are
acquired a large number of licenses consisted @jood examples of customers that use SMR dis-
Sprint and three major cable companies, Coxpatch service. The SMR service was established
TCI, and Comcast; they hope to attract customersy the FCC in 1974.
with a package of long distance, local wireline, Although dispatch service is the traditional
and local wireless service. AT&T, which also ac-mainstay of SMR carriers, some SMR systems,
quired many of the PCS licenses, hopes to usespecially those in rural areas, provide intercon-
PCS spectrum to fill in the gaps between its cellunected mobile telephone service. The spectrumin-
lar licenses, creating a nationwide wireless netefficiency of SMR technology is not as critical in
work. The third active participant in the auctions,rural areas, allowing it to compete with cellular. In
a consortium of four cellular companies, Bell At- addition, cellular service came last to rural areas,
lantic Mobile, NYNEX Mobile, AirTouch, and many years after the cellular networks in the cities
US West New Vector, is pursuing the same stratebegan operating; the last of the cellular Rural Ser-
gy. They will offer their customers “dual-band” vice Areas licensed by the FCC did not get service
phones that work at the cellular frequencies wherantil 1992. As of December 1993, about 425,000
the carrier has cellular licenses and at the PCS fref 1.5 million SMR handsets could be used for in-
quencies where the carrier has PCS licenses. terconnected service.

In the future, mobile telephone service may be-
Specialized Mobile Radio come an even more important part of SMR ser-
Until the early 1980s, the primary use of wirelessvice. Driving this development is Nextel, a
systems was for business and public safety dissompany that began buying many small- and me-
patch communications. In dispatch communicadium-sized SMR operators in the late 1980s. With
tions, brief messages with a duration of less than thhese acquisitions, Nextel has been able to acquire
minute are exchanged between a control centdicenses and systems throughout the nation. While
and mobile users in the field. Dispatch systems ari¢ still has less spectrum than a PCS or cellular li-
widely used by police and fire departments, taxicensee, Nextel believes that it has enough to
cabs, delivery services, and construction compadeploy a digital technology known as Enhanced
nies. Because dispatch systems are used primaripecialized Mobile Radio (ESMR), which re-
for the internal communications needs of an orgaplaces the traditional single SMR antenna with a
nization, and are generally not interconnectedellular architecture—allowing ESMR systems to
with the landline public switched network, the use the spectrum more efficiently than traditional
FCC classifies them as private mobile radio serSMR technology, and potentially allowing Nextel
vices. to provide a true mobile telephone service.

In some cases, organizations operate their own The deployment of ESMR technology was ex-
dispatch system. In others, they obtain servic@ected to transform Nextel into a competitor to the
from a third party, known as$pecialized Mobile cellular carriers for mass market mobile phone
Radio (SMR) provider. Instead of each businessservice. However, there have been reports that
operating its own dispatch radio system, the SMRESMR sacrifices voice quality to achieve reason-
carrier operates the system and sells dispatch seible capacity in the limited SMR spectrdfn.

15 Federal Communications CommissiGecond Report and Order, Implementation of Sections 3(n) and 332 of the Communications Act,
GN Docket 93-252, Mar. 7, 1994, p. 59, at footnote 294.

16 For a discussion of this issue, see Judith S. Lockwood, “Considering Nextel? What Wireless Users Need WitétessMarch/
April 1995, vol. 4, No. 2, p. 30.
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service in other large markets throughout 1995
and 1996.

Mobile Satellite Services

Terrestrial wireless services such as cellular are
not economical in sparsely populated areas be-
cause there are not enough users to justify the cost
of building a tower every few miles. Although
there is at least one cellular licensee in each of the
734 license areas defined by the FCC, the licens-
ees typically do not provide coverage to every
square mile. In rural areas, especially west of the
Mississippi, there are large areas where the only
cellular coverage is along interstate highways.
Satellite services can fill in the gaps in areas where
terrestrial systems are not viable and help realize
the vision of communications services available
everywhere in the nation.

Geostationary satellite systems”

Limited satellite telephone service has been avail-
able for several years through the International
Maritime Satellite Organization (Inmarsat). The
Inmarsat system was originally established to pro-

Nextel's  Fully Integrated  Digital ~ Portable  Flip  Phone  allows ; ; ; ;

subscribers to place and receive voice calls, as well as re- V!de Commumcal:lons to Shlp.S, bUt now also pro-
ceive messages, numeric pages, voice mail alerts. and text vides land mobile communication. The phones
messages. are bulky, briefcase-sized units that weigh about

25 pounds and cost between $15,000 and $20,000.
Nextel recently announced that it plans to scalefhe service is expensive at $4.95 per minute. But
back its plans to compete broadly with cellular inlnmarsat provides telephone service almost ev-
order to target business users, providing thererywhere in the world and has been widely used
with an integrated unit that combines telephonefor disaster relief, news-gathering, and businesses
paging, and dispatch capability in a single hand-such as oil exploration and mining. There are
set. Nextel will also try to capitalize on the fact about 10,000 land mobile terminals operational in
that it owns licenses throughout the nation, allow-the Inmarsat system worldwide, accounting for
ing it to provide seauless roaming more readilyabout one-third of Inmarsat's customérs.
than the cellular operators. There are currently Later this year, American Mobile Satellite
about 10,000 ESMR customgis Los Angeles Corp. (AMSC) is expected to begin providing a
and San Francisco, but Nextel plans to activatenore advanced mobile satellite service in the

"Because an ESMR customer is typically a business, each customer averages about 10 phones. Ibid.
*Geostationary satellites orbit the Earth 22,300 miles above the equator. At this altitude, they orbit the Earth at the same speed that the

planet rotates. As a result, they appear fixed at a specific point in the sky, allowing satellite dishes on the ground@o@gkligate with
them.

*Jack Oslund, Director, External Affairs, Comsat Mobile Communications, letter to the Office of Technology AssesgnentCongress,
Washington, DC, Aug. 2,1994.
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United States. AMSC, a consortium of large teleEarth orbit (LEO). Because the satellites orbit
communications firms, was formed in 1987, ancclose to the Earth, LEO systems permit the use of a
is currently the only company in the United Statedow-power handheld device about the same size as
authorized to provide mobile satellite servié@s. a portable cellular phone. There are two types of
AMSC plans to market its service as an extensionEO systems. The so-calldittle LEOs are de-

of terrestrial cellular telephone systems, primarilysigned for low-speed data services only (see chap-
targeting the mobile user market, although offerter 4), while thévig LEOsare designed to provide
ing some fixed services as well. AMSC will offer both voice and data services.

a car phone service with the transmitter installed Several companies have proposed big LEO
in the trunk of the car, but because of the larggystems (see box 3-2). Like the AMSC system,
amount of power needed for the signal to reach thgyey will use a dual-mode phone that switches be-
satellite, handheld portable phones cannot be deween cellular and satellite coverage as necessary.
veloped for the system. The car phones will havgiangset costs will range from $500 to $3,000, and
dual-mode capability—connecting users to theseryice costs are projected to range between $0.40
cellular network in areas where there is coveragéyng $3.00 per minute. Unlike AMSC, big LEOs
and switching to AMSC’s satellite in remote areasi|| offer global coverage, providing users with

beyond the reach of cellular. Atotal of 140 ceIIuIarthe convenience of service from a single provider

carriers have signed on to market AMSC phone.ﬁnywhere in the world. Potential markets include

and service to their customers. In addition to tradi- . . : :
) . international tourists, business travelers, relief or-
tional cellular phone users, such as business tray-

elers, AMSC's service is expected to appeal tganlzanons, and government agencies.
; . LEO proponents have overcome many hurdles.
trucking companies, owners of corporate or gen-

eral aviation aircraft, as well as remote popula—,;r he f'rﬁt stet_p Watsttho olb;g?\i/n 'Irétirgat.'o.n? stpec-
tions currently without phone service. AMSC rum aflocation at the of ministrative

expects to offer its service for $25 a month, pluﬁ"’ldi.0 Conference (WARC-9ZJ. The five U.S. :
about $1 per minute of usage. applicants who had sought approval to deploy big

LEO mobile systems then had to work out a plan
Low-Earth orbiting (LEO) satellite systems for sharing the small amount of available spec-
A new generation of mobile satellite services istrum. Finally, in January 1995, the FCC granted
expected to become operational in the late 19908censes to three of the five applicants to begin
Instead of using a small number of geostationargonstruction of their system#8The licensees still
satellites like those employed in the Inmarsat andhust obtain licenses to operate in other countries
AMSC systems, these new systems will consist odnd assemble enough capital to deploy their sys-
a constellation of many smaller satellites in low-tems, which will cost between $1.5 billion and $4

20 EO systems have been given authority to construct, but not yet to operate their services. AMSC's singular status, and its consortium
composition, is the result of an FCC decision to grant only one license for geostationary mobile satellite service due the limited amount of spec-
trum available at the time. Public investors now control roughly 34.6 percent of AMSC followed by Hughes Communications (27.2 percent),
Singapore Telecommunications (13.6 percent), McCaw (now AT&T) (12.5 percent), Mobile Telecommunications Technologies Corp. (7 per-
cent), and others (5.1 percent). American Mobile Satellite Ct®p3 Annual Report.

21 AMSC is already offering commercial service to trucking companies with a leased satellite.
22 see Office of Technology Assessment, op. cit., footnote 2.

23FCC licenses were issued to Iridium, Inc., TRW, and Loral Qualcomm. Systems proposed by Mobile Communications Holdings, Inc. and
Constellation Communications did not receive licenses. Action on these applications was deferred until January 1996 to allow the firms to show
their financial qualifications. “FCC Clears Global Satellite Projects of Motorola, TRW, Loral, QualcdreVall Street Journakeb. 1,
1995, p. A4.
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BOX 3-2: Proposed Big LEO Satellite Systems

In late 1990 and early 1991, five companies applied to the FCC to provide mobile communications
services using low-Earth orbiting (LEO) satellites. Three systems—Iridium, Globalstar, and Odyssey—
were later granted permission to construct, although final operating authority was withheld until interna-
tional allocations for the links between the satellites and the gateways (“feeder” links) are agreed to and
sufficient spectrum is available. The systems are now being built. Ellipso and Constellation were denied
construction licenses until they could provide better financial qualifications, and have until January
1996 to do so. A sixth system, Inmarsat-P, has applied for a license in the United Kingdom.

Iridium (Motorola Satellite Communications, Inc.)

The Iridium system will consist of a constellation of 66 LEO satellites and 15 to 20 Earth-based gate-
ways that connect users to the public switched telephone network. Iridium investors will own and oper-
ate the gateways and be responsible for obtaining national licenses for operation of subscriber hand-
sets, spectrum utilization, transborder agreements, PSTN interconnection, service provision
arrangements, and distribution agreements. The networked satellites will orbit the Earth on six different
planes of 11 satellites each. They will travel longitudinally, ringing the planet from pole to pole, at an
altitude of 770 kilometers and completing a full orbit in 100 minutes. The Iridium satellites will be capa-
ble of passing a telephone call directly from satellite to satellite--the only big LEO system to do so-
making each satellite a small orbiting switch, and making the Iridium system the most technically com-
plex.

Iridium plans to use dual-mode satellite/cellular handsets that will allow subscribers to use the ter-
restrial cellular infrastructure when available or the satellite network when the user is in an area not
served by cellular. Handsets will cost up to $3,000 and calls will average $3 per minute. The system will
use a combination of time division multiple access (TDMA) and frequency division multiple access
(FDMA) schemes. Commercial service is expected to become available in 1998 with the company proj-
ecting a market of 1.5 million users by the year 2000,

The system is expected to cost $3.37 billion for design, production, and launch, plus $2.8 billion for
operation and maintenance over the first five years of operation. Investments in Iridium totaled $1,57
billion as of February 1995, with Motorola, Inc. committed to meeting the construction costs and operat-
ing expenses necessary for system deployment. Motorola, Inc. is the largest investor with 27 percent of
Iridium Inc.’s stock. Iridium’s second largest investor is a consortium of 17 Japanese companies that
invested about $235 million, led by DDI Corp., Japan’s second-largest telecommunications company.
Other investors include Vebacom GmbH, the telecommunications arm of German energy conglomerate
Veba AG; Korea Mobile; Sprint; STET, Italy’s PIT; Bell Canada; Raytheon; Lockheed and others.

Globalstar (Loral/Qualcomm L. P.)

The Globalstar system design calls for a network of 48 satellites located 750 nautical miles above
the Earth that will relay global digital voice and data traffic from fixed and mobile handsets to a terres-
trial gateway—there are no intersatellite links. Satellites have a 1,500-mile-wide footprint, and will be
organized in eight planes with six satellites in each plane and provide “global” coverage between 70
degrees latitude north and south. The system will use code division multiple access (CDMA) transmis-
sion modulation. Globalstar predicts a handset priced initially at $700, and services will cost 30 cents
per minute plus 10 cents per minute for interconnection. Monthly service charges will be $8 to $10.
Service is scheduled to begin in 1998 with a company-projected market of 2,7 million users by the year
2002.

(continued)
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BOX 3-2: Proposed Big LEO Satellite Systems (Cont'd.)

Loral/Qualcomm estimates the cost of the system at $1.554 billion, including system deployment
and first-year operating costs. Globalstar, L. P., an international partnership founded by Loral Corp. and
Qualcomm, Inc., invested $275 million in an initial financing round in March 1994. Funds totaling $492
million had been raised as of February 1995, including commitments from AirTouch Communications,
Inc.; Alcatel N.V. and France Telecom of France; Vodafone plc of the United Kingdom; DACOM Corp.
and Hyundai Electronics Industries Co. Ltd. of South Korea; Daimler Benz Aerospace AG of Germany;
Finmeccanica of Italy; and the international Space Systems/Loral aerospace consortium.

Odyssey (TRW, Inc. and Teleglobe)

Unlike the Iridium or Globalstar systems, the Odyssey system is technically a medium-Earth orbiting
system. Twelve satellites, equally divided into three orbital planes at an altitude of 10,354 kilometers, will
provide global digital voice and data communications by linking mobile handsets with ground-based
cellular and terrestrial networks via 10 or 11 earth stations, using CDMA/FDMA modulation schemes.
No inter-satellite communications are planned. Handsets are expected to be priced at less than $500,
and service will cost approximately 65 cents per minute, plus 10 cents per minute interconnection fees
and a monthly charge of $24.

Odyssey will be established as a limited partnership, with TRW and Teleglobe serving as the found-
ing general partners and jointly managing the project. TRW, Inc. estimates $1.8 billion to construct,
launch, and operate the system for one year. Teleglobe and TRW will provide 5 percent and 10 percent
of the equity, respectively. They are seeking financing for the remaining 85 percent, most of which is
expected to be in equity and the balance a combination of debt and vendor financing. TRW said it has
sufficient current assets and operating income to finance the project, and submitted a declaration dur-
ing the licensing process committing TRW to expend the funds necessary to construct, launch, and
operate the Odyssey system.

Ellipso (Ellipsat/Mobile Communications Holding, inc.)

Ellipso plans to provide global digital voice and data services to mobile or handheld terminals
through two constellations of medium-Earth elliptical orbit satellites designed to maximize service to the
Earth’s populated land masses. The Borealis subconstellation of 10 satellites would service northern
latitudes and operate in two elliptical orbits of five satellites each with apogees of 7,846 kilometers. The
six-satellite Concordia subconstellation would cover tropical and southern latitudes and operate in a
single circular equatorial orbit at 8,068 kilometers. Like Globalstar and Odyssey, the satellite will serve
as relays between users and gateways on Earth---no intersatellite links are planned. User terminals are
expected to cost approximately $1,000 within one to two years of service initiation and 50 cents a min-
ute for usage. They will use CDMA technology.

The system will cost $564 million to construct, launch, and operate for the initial year. MCHI said in
its statement of financial qualifications that it would rely on internal support from its shareholders, ven-
dor financing (including committed funds from Ariansespace in the form of convertible debentures),
equity investments, and other committed funds to cover the expected system costs. MCHI shareholders
include Barclays de Zoete Wedd Ltd. of London, Westinghouse Electric Corp., and Fairchild Space and
Defense Co. Cable & Wireless plc of the United Kingdom recently acquired 50,000 shares or 2 percent
of its stock with an option to acquire an additional 600,000 shares.

(continued)
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BOX 3-2: Proposed Big LEO Satellite Systems (Cont'd.)

ECCO (Equatorial Constellation Communications)

Initially, 12 satellites will orbit in a single ring around the equator. The complete constellation would
add seven planes of six satellites each (five operational and one spare) for a total of 54 satellites in orbit
(46 operational, eight spares). The system is designed to provide mobile and fixed-site voice, data,
facsimile, and position location services in more than 100 countries in Central and South America,
Southeast Asia, India, Africa and the Middle East.

Constellation Communications, Inc. filed the original license at the FCC, but recently, Constellation,
Bell Atlantic Enterprises International, and Telecommunicacoes Brasileiras S.A. (“Telebras”) signed a
Memorandum of Understanding as a framework for discussing the creation of a joint venture to own and
operate a LEO satellite system. Constellation Communications, Inc. submitted commitment letters and
balance sheets for its newly disclosed equity investors, Bell Atlantic and E-Systems, Inc. Constellation
also said that Telecommunicacoes Brasilerias S.A. (Telebras) of Brazil intends to take an equity stake in
the project later. Constellation estimates that constructing and launching the total system will cost
$1.695 billion and that $26.4 million will be required to cover the first year’'s operating costs.

Inmarsat-P (ICO Global Communications Limited-a consortium including Inmarsat and 38 In-
marsat signatories)

Inmarsat-P, sometimes referred to as Project-21, would employ 10 or 12 satellites in intermediate
circular orbits (10,355 km). Each satellite would have the capacity for 4,000 circuits and an expected
lifetime of 10 years. Inmarsat handsets are expected to cost between $1,000 to $1,500 and calls will
cost $2 per minute. Inmarsat has started the licensing process in the United Kingdom and hopes to
begin offering service in 1999, with the system fully operational by the year 2000.

The cost to construct, launch, and operate the system for one year is expected to be $2.8 billion.
$1.4 billion in initial financing was committed by 39 signatories to Inmarsat including a commitment of
$150 million by Inmarsat as an organization. The Inmarsat Council has indicated that Inmarsat and its
affiliates will maintain at least 70 percent ownership. Additional pledges of $900 million were turned
away and the remaining $1.4 billion will be financed through equity and debt. The U.S. investor is Com-
sat Corp., the US. government’s signatory to Inmarsat. In Europe, the biggest investors are Deutsche
Telekom AG’s mobile-phone unit and the Swiss, Spanish and Dutch state phone companies. Other ma-
jor investors are: the Beijing Maritime & Shipping Co., an arm of the Chinese Ministry of Transport; Ja-
pan’s main international phone carrier, KDD, Ltd.; India’s international phone company; and Singapore
Telecom.

SOURCE: Office of Technology Assessment, 1995

billion. Many analysts do not believe that there are
enough customers to support al of the proposed
systems.”

OTechnology

Advances in technology underlie the vision of
small and light handsets and low-cost wireless

service. Developments in semiconductor and mi-
coprocessor technology allow the functionality
of a mobile phone to be squeezed into a small
package. New technologies also permit power-ef-
ficient systems that can use a smaller battery, usu-
aly the heaviest part of the handset. But the most
important development in wireless telephony is

“For a more complete discussion of the challenges facing the LEOs, see OTA, op. cit., footnote 2.
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SOURCE: Office of Technology Assessment, 1995.
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The cellular concept
Dualmode bortable. felenh b s ths srotome ¢ Modem terrestrial systems usecellular architec-
ual-mode portable telephones, such as this prototype from : :
Iridium, ~ will first attempt to connect to a local cellular system. ture tha_t pl’OVIdGS Coverage with many |0W-p0W€I'
If no system can be accessed, the telephone will then use the transmitters. Cellular technology pr0V|deS the
satellite  system to complete the call. : ; .
foundation for amass market service by allowing
me evolution to digital transmission, which will @ large number of users to share the limited spec-
allow network operators to serve three to 10 timedrum more efficiently than the single-tower ap-
as many users as today’s analog systems with tHfoach. Because it has now been proven over a
ity increase will translate into a substantially re-10nger be used only by the cellular carriers. In

duced cost to serve each user. 1991, the FCC allowed Fleet Call (now Nextel) to
deploy its ESMR technology by shifting from one
Terrestrial Wireless Technology high-power broadcast tower to a cellular architec-

Terrestrial wireless systems provide radio cover-ture in six of the largest U.S. markets. New PCS
age to their service area with antennas mounted oBroviders will also use a cellular architecture.
towers or on buildings. Until the early 1980s, ter-  Each of the low-power transmitters in a cellular
restrial mobile telephone systems used a singlesystem provides coverage to an area a few miles
high-power transmitter on a tall tower or sky-across, known as aell (see figure 3-5). Cells are
scraper to cover a metropolitan area. Any usepoften drawn as circles or hexagons, but real-world
within the signal’'s range, usually up to about 40cells are irregular in shape because buildings and
miles away, could get service. This single-towertrees obstruct the radio waves. By deploying
architecture is still used for most SMR systemsenough transmitters obase stations, cellular op-
today (see figure 3-4), and is adequate when therators provide continuous coverage wherever
predominant type of communication is short dis-their customers are likely to be. Because users
patch messages. often pass through several cells as they travel
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Wireless antennas come in manyshapes and sizes, from large, conspicuous monopole designs, to practically invisible building
mounted panel antennas.

through a city, a cellular system has to automatic-  The cellular architecture makes efficient use of

ally hand offthe call from base station to basethe spectrum and increases system capacity. In a
station. As the user nears the edge of a cell, the sysenventional single-tower system, each channel

tem reassigns the user to anew cell by determiningan only be used by one customer at anyone time.
which of the other base stations in the area can praBy contrast, a cellular system allows a channel

vide the strongest signal. used in one cell to beeused by a different user in
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FIGURE 3-5: A Typical Cellular System Architecture
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SOURCE: Office of Technology Assessment, 1995.

another cell, as long as there is enough separation
between the cells to minimize interference (see
figure 3-6). Network operators can further in-
crease system capacity by splitting large cells into
severa smaller ones. The greater the number of
cells, the greater the number of users who can use a
channel at the same time. In typical systems, cells
at highway interchanges or in downtown areas are
less than a mile in diameter, while in areas where
the traffic is light they may be up to 20 miles
across (seefigure 3-7).

The heart of a cellular system is the Mobile
Telephone Switching Office (MTSO), which is
connected by microwave or landline links to all of
the base stations. It is also connected via a high
speed digital link to the public switched telephone
network. The user’s voice signal is transmitted
from the phone through the air to a base station,
back to the MTSO, and then through the landline

FIGURE 3-6: Frequency Reuse Goncept
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SOURCE: Office of Technology Assessment, 1995.
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FIGURE 3-7: Cell-Splitting
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SOURCE: George Calhoun, Digital Cellular Radio (Norwood, MA: Artech House, Inc., 1988), p. 43.

network to its destination. The MTSO is responsi-
ble for managing the assignment of radio channels
to users. When the user dials a number and presses
the “send” button on their phone, the MTSO
checks to see if there is a channel available and
then assigns the channel. During the call, the
MTSO monitors the signal strength to see if it
should initiate a handoff to a nearby cell.

Digital transmission

Although the cellular concept is the foundation of
terrestrial wireless technology, it isthe transition
to digital transmission that is most responsible for
the vision of low-cost personal wireless services.
Today’s cellular technology, known as the Ad-
vanced Mobile Phone Service (AMPS) system, is
based on an analog frequency modulation (FM)
transmission scheme and dates from the mid-
1970s. AMPS systems in large cities are starting
to reach capacity limits that cannot be overcome
by further cell-splitting. Digital systems are being
deployed to provide higher capacity.

One way that digital systems increase capacity
is by making extensive use of voice compression
technologies. Once avoice signal has been trans-
formed into digital form, complex mathematical
manipulations can be used to reduce the amount of
information that needs to be sent for good-quality
speech. Reducing the amount of information that
needs to be sent al so reduces the amount of spec-
trum needed for each user, alowing more users to
share the spectrum. For voice quality that is com-
parable to an AMPS system, at least three times as
many users can be accommodated by a digital cel-
lular network with the same number of base sta-
tions. Because voice compression technology will
continue to improve, future systems will be able to
achieve even greater increases in capacity.

The deployment of digital systems in the
United States has been slowed by battles over
standards. For the first generation of cellular
technology, the FCC selected AMPS as a national
standard and required all operators to use it. But
with digital cellular, the FCC has left technology
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BOX 3-3: TDMA and CDMA

In a cellular system, many users make calls at the same time in each cell. Clearly, it is necessary that
these users’ transmissions not interfere with each other. One solution to this “multiple access” problem
is to ensure that each user transmits on a separate frequency or “channel. ” When a user initiates a call,
the system tells the user’'s phone which frequency to tune to, much as a radio listener tunes to a particu-
lar station. This approach, known as Frequency Division Multiple Access (FDMA), is used in today’s
analog cellular systems.

Digital cellular systems could also use FDMA; the only difference would be that the information sent
through the channel would be in digital, not analog form. However, it is more likely that digital cellular
systems will use one of two alternate schemes, either Time Division Multiple Access (TDMA) or Code
Division Multiple Access (CDMA). The TDMA and CDMA approaches differ from FDMA in that several
users may share the same channel.

In a TDMA system, several users are assigned to a single channel, and they take turns. Each user’'s
phone transmits a short burst of data, waits as the other users assigned to the channel transmit their
data, sends another burst, and so on. At the receiver, the bursts are reassembled into a continuous
signal and turned back into speech. In the U.S. TDMA system, three users share the same channel that
the analog Advanced Mobile Phone Service (AMPS) system uses for a single user. Digital compression
technology allows a user to send a good-quality speech signal even when using the channel only one-
third of the time, tripling the capacity of the system.

CDMA systems use a much wider channel than TDMA or FDMA systems, and share it among a larg-
er number of users. The users can all use the channel at the same time, but each user’s transmission is
uniquely coded. If the receiver knows the code, it can pick out a particular user’s transmission from the
combined signal. There is no strict limit to the number of users in each channel, but it becomes more
difficult to pick out individual users’ transmissions as the channel becomes crowded. Because CDMA
uses a wider channel than FDMA or TDMA, it is sometimes referred to as a “spread spectrum” technol-
ogy.

Both CDMA- and TDMA-based systems have been proposed for use as a replacement to AMPS.
Over the past several years, there has been a debate about which approach is better. TDMA propo-
nents have argued that TDMA is a more proven technology, whereas CDMA proponents have argued
that their system will offer higher capacity-not just three times more users than AMPS, but 10 or 20
times more. TDMA-based digital cellular systems entered commercial service in 1992, and have several
hundred thousand users. No CDMA systems are expected to be operational until late 1995 or early
1996.

The capacity estimates for CDMA are higher because it appears to overcome a fundamental chal-
lenge that faces designers of TDMA systems. In a TDMA system, the same channel cannot be used in
adjacent cells because of excessive interference. A channel can only be safely “reused” in cells some
distance away. As a result, only a fraction of the operator’s spectrum can be used in each cell: typically
one-seventh or less. CDMA systems, on the other hand, allow all of the spectrum to be used in each
cell, increasing system capacity.

SOURCE: Office of Technology Assessment, 1995.

selection to the industry. Cellular industry  and the other based on Code Division Multiple
standards committees have been unable to choose ~ Access (CDMA) (see box 3-3). Similarly, seven
between two systems, one based on atechnology  different technologies have been proposed for use
called Time Division Multiple Access (TDMA)  in the new PCS band. There are more PCS than
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BENETY Y Vobile Satellite Technology
L I In a satellite telephone system, instead of sending
| - O

the radio signal to abase station, the mobile phone
beams the radio signal up to a satellite. In many
ways, satellite systems are benefiting from the
same technological advances as terrestrial sys-
tems. By using multiple "spot beams” in place of a
single beam, satellite systems can exploit the
same concept of frequency reuse that terrestrial
systems use. They will also use digital voice com-
pression to dramatically increase the number of
users that can be served from each satellite, reduc-
ing the cost per user considerably. But the most
significant new concept in satellite system design
has been the development of nongeostationary
LEO or Medium Earth Orbit (MEO) systems.

The Inmarsat and AMSC systems use satellites

A~

li

Satelgteg in gzosynchro%aus orbit 22,3f00 I:]'/Ies above Earth in geostationary orbit, 22,300 miles above the
e o gt s and etides o neadon equator. At this altitude, the satellite appears to re-

main at a freed point above the Earth. This simpli-
fies system operation, but has several drawbacks.
cellular technologies under consideration becaus€irst, it takes a considerable amount of time for the
the PCS band may be used for a wider variety oignals to travel up to the satellite and back down
services. See chapter 6. to Earth, resulting in a noticeable and annoying
While ESMR and PCS operators will use digi- delay. Second, because the satellite is so far above
tal technology from the beginning, cellular opera-the Earth, considerable power is needed to trans-
tors will have to deploy digital technology while mit the signal up to the satellite, requiring bulky
also continuing to provide service to the millions transmitters. Therefore, the AMSC system can
of users who still have analog phones. Because inly be used with car phones, not portables.
will take several years to convert every base sta- With a nongeostationary LEO or MEO system,
tion to digital, the new digital phones now beingon the other hand, the satellites orbit much closer
sold are also capable of analog transmission. Th¢o the Earth at altitudes between 500 and 7,000
user can “fall back” to analog in areas where thergmiles. This reduces power requirements, allowing
is no digital service or where a different digital the use of handheld portables. Moreover, the delay
system has been deployed. Over time, networkncurred in sending the signal up to the satellite
operators will add digital capability to more and and back down to Earth is significantly reduced.
more cell sites and continue to expand the amourBut LEO systems are also more complex. While a
of spectrum dedicated to digital service, while geostationary system can provide global coverage
continuing to reserve some channels for users whavith a small number of satellites, LEO systems
still have analog-only phones. The transition toplan to use constellations of 10 to 66 satellites
digital has only just begun and is expected to takéfigure 3-8). The satellites move relative to the
about a decade. surface of the Earth, complicating system coor-
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SOURCE: Office of Technology Assessment, 1995.

dination. Moreover, satellite lifetimes are signifi- of wireless services, within the regulatory frame-
cantly reduced, requiring replacement satellites tovork it established for each service.

be launched continuously. As technology has advanced, the distinctions
between different mobile telephone services have
[JRegulatory ~ Framework become less clear. Cellular, PCS, and ESMR will

The FCC is responsible for managing the specprovide similar services. To streamline regulation
trum used by commercial wireless services, andf these existing and emerging services, Congress
* sets the rules regarding their licensing and operadirected the FCC in the Omnibus Budget Recon-
tion. Historically, the FCC has regulated wirelessciliation Act of 1993 (Public Law 103-66) to set
services less than wireline services, believing thaup a new regulatory classification-commercial
the wireless market is more competitive than theMobile Radio Services (CMRS)--that would al-
traditional monopoly wireline market. The FCC low the FCC to “treat like services alike,” forbear
has relied on market forces to determine the pricefom imposing some elements of common carrier
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regulation, and preempt state regulation of CMRS Other FCC rules seek to maintain competition

rates. by limiting concentration of ownership. To ensure
that the new PCS spectrum would be used to pro-

Spectrum Allocation, Licensing, and Market vide competition to the incumbent cellular carri-

Structure ers, the FCC did not permit cellular carriers to

FCC spectrum allocation decisions play a key rol@btain more than 10 MHz of PCS spectrum in
in determining the degree of competition in themarkets where they already owned cellular li-
wireless industry. To a certain extent, the numbecenses. Similarly, local exchange carriers were
of competitors can be increased by dividing thealso restricted to bidding on 10 MHz blocks of
available spectrum among more carriers. When gpectrum in their service areas, not the larger 30
created the cellular service, for example, the FC®IHz blocks. Finally, no carrier may have more
first thought that it would only license one carrier,than 45 MHz of cellular, PCS, and SMR spectrum
but then determined that competitive benefitan any given market.
would result from splitting the spectrum among The FCC's choice of a mechanism for assign-
two carriers. But because a mobile telephone neing licenses also affects the structure of the indus-
work needs a minimum amount of spectrum to optry. The first cellular licenses were assigned by
erate economically, additional competition comparative hearings where the Commission se-
usually requires that more spectrum be allocatedected among applicants based on detailed propos-
For example, by allocating 120 MHz to PCS, theals. But the task of allocating hundreds of licenses
FCC was able to create up to six new competitorgy this method overwhelmed the FCC. For the lat-
in each market. er cellular licenses, the Commission assigned the
The FCC also influences market structure bylicenses by lottery. Most of these licenses were
specifying the size of the license areas. In mosjuickly sold to larger carrie?® To reduce the
countries, wireless licenses are assigned on a ngpeculation on licenses and raise funds for the
tionwide basis. But the FCC chose to divide theTreasury, Congress authorized the FCC to use
United States into many small license areas, akuctions to assign licens&The first round of
lowing a larger number of companies to take parpCS auctions raised $7.7 billion.
in the industry. For cellular, the FCC divided the
nation into 734 separate market areas—306 Me%—: . . . .
ropolitan Statistical Areas (MSAs) and 428 Rural ommercial Mobile Radio Services _ _
Service Areas (RSAs). PCS licenses, on the oth&CS: cellular, and most SMR and mobile satellite
hand, are being allocated on the basis of either 4£rvices are regulated as CMRS carriers. The cre-
Basic Trading Areas (BTAs) or 51 Major Trading atlo_n of t_h_e (_JMRS cIaSS|f_|cat|on was a response
Areas (MTAs). Two of the 30 MHz PCS licensest© disparities in the regulation of SMR and cellular
are being allocated on the basis of MTAs, whilecarriers, which became increasingly significant as
the other PCS licenses will be allocated on the bahe deployment of new technologies allowed
sis of BTAs. SMR service areas are defined by th&MR carriers to compete with cellular carriers.
propagation distance of signals transmitted fronBeginning in August 1996, PCS and SMR carriers
the operator’s tower, but there are proposals to e$hat provide mobile telephone service will be sub-
tablish standardized service areas such as BTAs f@ct to the same rules as cellular carriers. The FCC
MTAs. has launched a series of proceedings to define the

25 Stanley Says 70% of Lottery Cellular Licenses Transferréel@communications Reportspr. 26, 1993, p. 16.
26 public Law 103-66, section 309(j).
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BOX 3-4: CMRS Proceedings

In the Second Report and Order that was issued in the proceeding that defined the rules governing
CMRS carriers, docket No. 93-252, the FCC identified several issues that required further study:

. The interconnection obligations of CMRS licensees
The FCC issued a Notice of Inquiry as part of docket number 94-54 in June, 1994. In April, 1995, the

Commission issued a Notice of Proposed Rule Making (NPRM) in which it tentatively concluded that it
was premature to impose rules requiring CMRS carriers to interconnect with other CMRS carriers.

. The imposition of equal access obligations on CMRS licensees
The FCC issued an NPRM, in docket number 94-54, in which it tentatively concluded that cellular carri-

ers should be required to give their customers a choice of long distance carriers. It also asked for com-
ment on whether equal access rules should be imposed on other CMRS carriers. No order has been
issued in this docket.

. The reclassification of private radio licensees as CMRS
The FCC has completed work on the technical and licensing rules that will apply to CMRS carriers,

issuing a Third Report and Order and Fourth Report and Order in docket number 93-252 in early 1995.
Among the issues addressed in this proceeding was the spectrum cap limiting CMRS carriers to 45
MHz of cellular, PCS, and SMR spectrum in any market.

. Tariffing of local exchange carrier(LEC)/wireless interconnection
The FCC issued an NPRM as part of docket number 94-54 in which it requested comment on whether

LECs should be required to file tariffs specifying the rates charged for interconnection, or whether inter-
connection rates should be negotiated. No order has been issued in this docket.

«Monitoring of competition in the cellular marketplace
In the second report and order in docket 93-252, the FCC concluded that the cellular marketplace was

not fully competitive and proposed collecting more information about competition in the cellular indus-
try. The FCC has not acted on this issue.

.Further forbearance from regulating certain types of CMRS carriers
In the Second Report and Order in docket number 93-252, the FCC decided to forbear from applying

some aspects of common carrier regulation to CMRS carriers. In docket number 94-33, the FCC issued
an NPRM asking whether the regulation of some CMRS services should be relaxed further. No order
has been issued in this docket.

.Provision of dispatch service by CMRS carriers
In March, 1995 the FCC issued an order permitting CMRS carriers to provide dispatch service.

SOURCE: Office of Technology Assessment, 1995.

regulations that will apply to CMRS providers,
described in box 3-4.

CMRS carriers are less regulated than the wire-
linelocal exchange carriers because the local ex-
change carriers have a near-monopoly, while the
wireless industry is competitive. There are two
cellular carriers in every market, with the prospect

of additional competition from SMR and PCS
providers. In developing the new CMRS regulato-
ry regime, Congress and the FCC determined that
competition would, inmost cases, be sufficient to
protect consumers and keep prices reasonable. Al-
though CMRS providers will be regulated as com-
mon carriers, subject to Title Il of the Communica
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tions Act, Congress allowed the FCC to “forbear"Spectrum Allocation for Commercial Services
from regulating interstate rates and requiring therhe recent allocation of 120 MHz to PCS more
filing of tariffs.27 than triples the amount of spectrum allocated to
More importantly, Congress preempted stateerrestrial commercial mobile telephone services.
regulation of intrastate raté8While many states Combined with new, more efficient digital
had already concluded that the cellular industrgechnologies, the current spectrum allocation
was sufficiently competitive that rate regulationshould be sufficient to meet the demand for the
was unnecessary, a few states still regulated cellgrext several years, even if subscribership contin-
lar. Under the new law, states will only be able taues to grow at a high raté.However, if data,
regulate the price of cellular or any other CMRSimage, or video applications become important
service if they can demonstrate to the FCC thagomponents of the service mix of commercial mo-
market conditions have failed to guarantee juspjle radio services, additional spectrum may have
and reasonable raté3Eight states petitioned the tg pe found sooner than expected.
FCC for the I‘Ight to Continue regulating Ce”ular Moblle Sate”ite Systems may have more press_
service, arguing that the industry would not being spectrum needs. Currently, the five proposed
come truly competitive until the PCS and ESMRy s LEO systems are required to share 33 MHz in
providers were operation#!.However, the FCC  the 1610 to 1626.5 MHz and 2483.5 to 2500 MHz
rejected these petitions in May 1995, freeing alkrequency bands. If demand for mobile satellite
wireless carriers of rate regulation by states. service matches the expectations of its propo-
L nents, this allocation will be insufficient. The Na-
[ Issues and Implications tional Telecommunications and Information
By allocating a large amount of additional spec-Administration (NTIA) has estimated that an
trum for wireless telephony and creating the nevadditional 60 MHz of spectrum may be required
CMRS framework, Congress and the FCC havéor mobile satellite services over the next dec-
established the foundations for a successful induside33 However, it is particularly hard to judge
try. Given the growth rates in cellular subscriber-how much spectrum should be allocated to mobile
ship and the continuing development of low-coskatellite services. As yet, no mobile satellite ser-
wireless technology, the future of the wireless invices are operating on a wide scale, and demand
dustry appears bright. However, there are severaémains unproven. Because these systems will
issues that will have an impact on the cost, utilitygenerally not compete in the same markets as ter-
and availability of wireless services. restrial services, demand estimates for these in-

27 FCC,op. cit., footnote 15, pp. 68-70.

28 pyblic Law 103-66, section 6002(c)(2)(A).

29 Communications Act of 1934, 47 U.S.C., Section 332(c)(3)(B).

30 Arizona, California, Connecticut, Hawaii, Louisiana, New York, Ohio, and Wyoming. Wyoming subsequently withdrew its petition.

31 Each state’s petition was handled in a separate proceeding. See, for example, Federal Communications CRepoigsiod,Order,
Petition of the Connecticut Department Public Utility Control to Retain Regulatory Control of the Rates of Wholesale Cellular Service Provid-
ers in the State of ConnecticBfR Docket 94-106, May 19, 1995.

32NTIA has forecast that only 33 MHz of additional spectrum will be required for two-way commercial mobile radio services over the next
decade. National Telecommunications and Information Administrafi@ National Spectrum RequiremegiW&ashington, DC: 1995), p. 33.

33|bid., p. 57.
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dustries provide only a rough guide to theUnited States, part of this spectrum is allocated to
potential for satellite-delivered services. broadcast auxiliary services, and in the rest of the
With current technology, the most desirableworld it will not be available until 200%*
frequency bands for most mobile services are
those below 3 GHz. At higher frequencies, radicSpectrum Allocation for Public Safety
waves are more subject to scattering by buildingsrederal, state, and local public safety agencies,
trees, and other obstructions. In addition, radioguch as police and fire departments, may also have
that operate above 3 GHz are more expensive fgignificant near-term spectrum needs. In the
build. Unfortunately, there is very little unused Budget Reconciliation Act of 1993, Congress
spectrum below 3 GHz. Any future expansion inmandated that the FCC submit to Congress a
mobile services will require either technologicalstudy of current and future needs of state and local
advances that permit the economical use of highgjovernment public safety agencies through the
frequency bands, or the reallocation of spectrunyear 2010, and develop a plan to ensure that ade-
from other services. quate frequencies are made available to public
Reallocating spectrum can be time-consumingafety licensees. In its report, the Commission de-
and costly. Potential new users need frequenciasined to allocate additional spectrum, but out-
for their proposed services, but incumbent userned the steps it would take to gather additional
usually resist being forced to move to other freinformation and procedures to respond to emer-
quency bands. Policymakers and regulators oftegency needss The report has been criticized by
have a hard time balancing the two competing setsie public safety community for underestimating
of interests. Much of the spectrum now allocatedhe urgency of their needs.
to terrestrial mobile services—PCS, cellular, and The demand for public safety wireless commu-
SMR, for example—was once used for other purnications has grown considerably in recent years.
poses. PCS will operate in a band that is now beinBart of the growth in demand is due to an increase
used by fixed microwave services (who will havein the number of public safety personnel. But a
to move their operations to higher frequencies)more significant factor is that future public safety
while the cellular and SMR services were allo-communications systems will not only be used for
cated spectrum that had been previously been usedice communications, but will also have to ac-
for broadcast television’s channels 70 to 83. Tawommodate increased use of imaging for mobile
meet potential future needs for even more mobiléransmission of fingerprints, warrants, and mug
spectrum, one plan being considered is reallocashots. Image communications requires much
tion of television frequencies as part of the transimore spectrum than ordinary voice communica-
tion to Advanced Television (ATV). In the case oftions. In comments submitted to the FCC, the
mobile satellite services, a complicating factor isAssociation of Public Safety Communications
that they require global coordination and approv-Officials (APCO) estimated that between 6 and 18
al. At the WARC-92 conference, for example,MHz of additional spectrum would be needed for
additional spectrum was allocated to mobile satelpublic safety voice communications by 2010, but
lite service in the 1970 to 2010 Mhz and 2160 tahat 75 MHz would be needed for the new “wide-
2200 MHz frequency bands. However, in theband” applications’

34 OTA, op. cit., footnote 2.

35 Federal Communications Commissideeting State and Local Government Public Safety Agency Spectrum Needs Through the Year
2010,Feb. 9, 1995.

36 "Public Safety Officials Pan FCC’s Spectrum RepdFglecommunications Reports)l. 61, No. 7, Feb. 20, 1995.
37FCC, op. cit., footnote 35.
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In allocating spectrum for public safety, severalanother band. Under the procedures established
other issues have to be considered. First, publioy the FCC, the PCS licensees will have to negoti-
safety users are concerned that the use of auctioate with the microwave licensees and pay the cost
to assign commercial licenses will cause regulaef their relocation. However, microwave licensees
tors to allocate any available spectrum to commerare not required to negotiate until 1997, and PCS
cial services because an allocation to public safetijcensees will not be able to request that the FCC
would not provide revenues for the Treasury. Sednvoluntarily relocate a microwave user until
ond, even if more spectrum is made available1998.
there will be a continuing need for greater coor- Finally, itis unclear how many competitors can
dination of the radio systems operated by differenbe supported in the long term. The major players
public safety agencies. Currently, different publicin the industry will have to spend billions of dol-
safety agencies use different frequency bandsars to build out the new PCS networks. While the
preventing them from talking to each other in anpioneers of cellular service had the luxury of
emergency. A single frequency band, or a limiteduilding out their networks one cell site at a time,
number of bands, could improve coordination ofthe PCS-band networks will have to enter the mar-

public safety activities. ket with broad coverage and compete against es-
tablished providers. The new PCS carriers,
The Development of Competition especially the licensees who qualified as small

Congress and the FCC are relying on competitiorusinesses or businesses headed by women or mi-
not regulation, to ensure that the price of mobilgorities, face a difficult challenge. Even the deep-
telephone service will be reasonable. The newocketed cellular carriers, long distance carriers,
PCS allocation will provide three to six new com-and cable companies that are acquiring PCS li-
petitors to the cellular carriers, and the deploycenses are risking large amounts of money on the
ment of ESMR technology will provide additional assumption that demand will continue to grow
competition. In the larger cities, there is the potenand that they will survive potential price wars.
tial for robust competition on the basis of price
and coverage. Most observers foresee four or fivE-911 from Mobile Telephones
major competitors in the larger markets, withEmergency assistance available through 911 has
some niche players as well. However, many anaieen a significant driver of recent cellular tele-
lysts believe that smaller cities and rural areagphone sales, and the industry promotes this with
where customers are fewer, will not be able to supadvertisements touting the benefits of mobile
port as many competitors. communications for personal safety and security.
It should also be emphasized that most of thés a result, demand for 911 services from wireless
new PCS competitors will not have operationalusers is growing with the rise in cellular subscrib-
networks before the end of 1996. They will haveership. It has been estimated that 10 percent of 911
to acquire hundreds of sites for base stations inalls are from mobile users. The California High-
each market and build their networks a time-conway patrol reported that in January 1993 it fielded
suming and expensive process. More importantly0,000 emergency calls, of which 25,076 were
they are unable to use some of the spectrum thégom cellular telephone®
have acquired at the auctions until its current oc- However, while many wireless users can getac-
cupants, fixed microwave users, are relocated toess to 911 operators, they may not be able to fully

38 Federal Communications Commissiblutice of Proposed Rule Making, in the Matter of Revision of the Commission’s Rule to Ensure
Compatibility with Enhanced 911 Emergency Calling SystE@€, No. 94-237, CC Docket No. 94-102, RM- 8143, proposed rules, Sept. 19,
1994, para 9.
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benefit from the Enhanced 911 or E-911 servicesystem has its strengths and weaknesses, and the
available to wireline users. Systems equippedrCC has invited comments on the technical, per-
with special equipment providing E-911 servicesformance, and cost considerations of each of the
identify the location of the caller, even if he or shecandidate technologies, but appears inclined to set
cannot speak. An Automatic Number Informationperformance rather than technology standards for
database together with an Automatic Location Inachieving accurate location identification. This
formation database provide precise location inproceeding has resulted in substantial debate
formation to the 911 public safety answering pointabout the importance of accurate location in-

(PSAP), from which the appropriate emergencyormation technologies for wireless systems.
service (police, fire, medical) is dispatched.

About 90 percent of all wireline telephones haveOther Issues

911 services available, and of these about 76 pelm addition to the issues discussed above, there are

cent also have E-911 capabilities. a number of critical issues that will affect how new
The location of a cellular telephone user, how-and existing wireless voice technologies will be

ever, currently cannot be automatically deterintegrated into the NIl and what effects and im-

mined because cellular phones—unlike theiplications ubiquitous mobile services may have

wireline counterparts—are not linked to a specificfor individuals and businesses. These issues are

location; they are designed to move around. As anly briefly discussed here, but are analyzed in

result, unless the caller can provide clear and exabtore detail in later chapters.

information or directions—which is often not the

case—emergency assistance workers often do ngtandards _
know where to go when receiving a call from aFor the first generation of cellular technology, the

mobile handset. Itis unclear how many people un'—:cC specified a standard technology (AMPS)

derstand that mobile phones do not offer the exaéEat had to be used by all carriers. This guaranteed
that every cellular phone would work anywhere in

same services available from awirelinetelephonethe nation. But for digital cellular and PCS, the

_Some pUb“.C safety officials _belleve that failing to FCC has refrained from picking a standard. Indus-
integrate wireless systems into the E-911 frame-

work undermines the $2 to $3 billion invested intry standards committees have been unable to

911 service since it was established as a natio agree on a single standard, in part because
: hanufacturers have an incentive to promote their
wide goal 30 years ago.

. o wn technology as a standard. Because there is no
To address this problem, the FCC has initiate gy

| ki e devel fE-011 tandard, each network operator will have to
a ruiemaxing to guide eveopme_nto 211 S€lehoose  from among the contending digital
vices and to ensure that location information will

" P technologies. There is considerable concern that
be available from all phoneSThere are anumber i¢terent technologies will be deployed, making

of technologies that may be useful in providingsaming impossible. These issues are discussed in
better location information, such as use of trianyetajl in chapter 6.

gulation; Global Positioning Satellite (GPS) or

LORAN systems; signal strength, angle and/olinterconnection to local exchange carriers

time delay measurements; antenna and cell siféhe interconnection of wireless and wireline net-
sectorization; and time synchronizatFBhEach works allows their users to call each other. FCC

39 |bid.
40 These technologies were reviewed in C. J. Driscoll & Associates, “Survey of Location Technologies to Support Mobile 9-1-1,” report

prepared for California Department of General Services, Telecommunications Division and the Association of Public Safety Communications
Officials, ed. 1.0, July 1994.
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rules require that local exchange carriers (LECslFCC to preempt all local restrictions on antenna
allow wireless carriers to interconnect with theirsiting. Zoning issues are discussed in more detail
network. But wireless carriers have to pay LECs @n chapter 8.
fee for every minute of traffic. In the past, state
regulators have allowed these interconnectiorhivaC .

y and security

charges to be significantly above cost to provid . . , -
additional revenues that support the LEC's Iowerhe issues surrounding the confidentiality and se-

! . ) . . _curity of wireless communications will become a
residential rates. The high cost of interconnection Y

. . , . . : more important issue as more consumers and
is becoming an increasingly important issue be; P

L . , . businesses begin to use mobile/portable devices.
cause it raises the price of wireless service. Thesﬁread eavesgro in isaconcgrn to manv indi
issues are discussed in more detail in chapter 7. . Y ropping : y

viduals and businesses who fear that important or
| ] blicat wirel sensitive personal or business information may
hterconnection obligations of wireless fall into the wrong hands. Fraudulent use of wire-
carriers . : .

less telephones is a particularly difficult problem,

Because LECs have a monopoly in their market

they are required to interconnect with WirelesséOStIng the industry and consumers an estimated

. : . : . 480 million a year. Finally, the use of wireless
carriers, long distance carriers, and, increasing| P y Y

yd ) ) X
o . . evices also raises questions related to the loca-
wireline local exchange competitors. Wireless:. q

carriers, on the other hand, do not control a bottlelO" Of the user. Wireless technologies can be used

o track people and things, but may also be used to

neck—there are at least two competitors in eacfy. . : ) : :
market, with more to come. Therefore, they hav ide ones’ location. These issues are discussed in
’ ’ chapter 10.

not been required to interconnect with other wire-
less carriers or with all long distance carriers. For

example, the FCC does not require wireless carriHealth effects

ers to give their customers a choice of long disOne of the most controversial issues surrounding
tance carrier. An issue of growing importance ishe widespread use of wireless technologies in-
whether the interconnection obligations of wire-volves any possible health effects caused by either
less carriers should continue to be minimal, or ithe devices (cellular telephones, for example) or
they should be modeled on those of the LECs. Fahe transmitting antennas. Although research has

further discussion, see chapter 7. been conducted, it has not been conclusive—it is
not yet possible to say with certainty whether the
Local restrictions on antenna siting devices/antennas do or do not pose a risk to human

A cell site consists of base station equipment antlealth or how serious any risk may be. In the face
an antenna mounted on a building or tower. Thef this uncertainty, some researchers and members
cellular carriers have deployed about 18,000 celbf the public believe that the safest course is to re-
sites to date, and it is expected that the wireless iglesign, restrict, or even ban the use of wireless
dustry will have to deploy an additional 100,000systems, while the industry believes it should be
cell sites over the next decade. Some commungllowed to pursue its plans until there is convinc-
ties, however, are becoming concerned about pogig evidence that health problems are likely. This
sible health effects from electromagneticissue is intensely polarized and is already being
radiation and the aesthetics of the towers. Increaplayed out in battles over cellular/PCS antenna
ingly, zoning regulations and other ordinances arsiting and local zoning (see above). It is likely to
being used to limit or halt the construction of newbecome a more important political issue as citi-
towers. The wireless industry contends that suchkens raise the issue with state and federal policy-
restrictions will hamper their efforts to provide makers and regulators. This controversy is
ubiquitous wireless service, and has petitioned thdiscussed in chapter 11.
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Interference between devices wireless local loops allow telephone service to be
As the number of wireless devices used by conrolled out quickly. Service can be provided to
sumers and businesses increases, there is a liketlrousands of users as soon as the base stations are
hood that interference will increase. Radioin place, without the need to install copper loops
devices can cause interference to other wirelegs each household. For this reason, wireless is now
communication systems or to some electronic dethe technology of choice in developing countries
vices, giving rise to poor quality communicationsthat have little or no telephone servfée.

or malfunctions. Cellular phones, for example,

may interfere with aircraft navigation systems anq?educing the Cost of Telephone Service

Zzasersnetzgghzcggmae:é’h'gglr?r?mg dr;m;lg?;?rg?]l@ the United States, fixed wireless systems may
P ' g ) be able to provide lower cost telephone service in

equipment, such as a computer, can aiso interfers%me especially rural, areas. One of the character
with wireless communications unless it is proper- » €SP y ’ '

ly shielded. These issues are discussed in chapt'é}'cs of wireline technology IS tha.‘t the cost to
12, serve a household depends onits distance from the

central office. It is much more expensive to pro-
vide telephone service in sparsely populated rural
FIXED WIRELESS TECHNOLOGIES areas—where homes are typically far from the
In the United States, telephone service to housggntral office—than in cities. Wireless, on the oth-
and other fixed locations is generally provideder hand, has a cost structure that is largely dis-
over coppefoopsthat run between the telephonetance-independent. The cost to serve a household
company’s central office and the customer’s s mych the same whether it is close to the trans-
premises. But fixed service can also be provideghitter or far away? In addition, radio waves can
with wireless technologies (see figure 3-2).cross canyons or other difficult terrain that rule out
Instead of being transmitted through coppekyireline telephone service or make it extremely
wires, voice signals are transmitted from a radi%xpensive.
tower or satellite to an antenna on the outside of Recognizing that wireless could reduce the cost
the home. In the past, wireless was more expenss ryral telephone service or provide it to unserved
sive than copper, and would have required a proyoyseholds, the FCC created a service called Ba-
hibitive amount of spectrum to serve a largesic Exchange Telecommunications Radio Service
number of households. However, today'swirelesQBETRS) in 19883 BETRS allows telephone
technologies may be able to serve fixed usergompanies to use a limited number of frequencies
more efficiently. Spgctrum allocations and current, the 450 MHz band to provide fixed wireless ser-
regulatory uncertainty, however, present obyjces in rural areas. Currently, no more than a few
stacles to the widespread use of fixed wireless. hoysand households are served by wireless due to
] the small amount of available spectrum and the
[J Services and Users high cost of early BETRS equipment. However,
One reason for the growing interest in “wirelesswith advances in technology, wireless may soon
local loops” is that they may now be comparableplay a key role in delivering service to rural areas.
in cost to copper loops, due to the development of Wireless could also be used in suburban or ur-
new spectrum-efficient technologies. In addition,ban areas. Carriers would like to take advantage of

41 Terry Sweeney, “Lenders Backing Wireless Loo@gimmunicationsWeek InternationBlec. 12, 1994, p. 3.
421n the most extreme cases, even terrestrial wireless may be too expensive and satellite services may be used.

43Federal Communications CommissiBeport and Order, Basic Exchange Telecommunications Radio S&@@&ocket No. 86-495, 3
FCC Rcd 215 (1988).
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lower installation costs, reduced maintenance ] Technologies

costs, and faster deployment of service in NéWn most of the world, the equipment used in wire-
housing developments.in some cases, suburban jess |ocal loop applications is much the same as

areas are growing so quickly that the demandgat used for mobile services. In some cases, mo-
cannot be met with the existing netwdfkEven e network operators use excess capacity to pro-
where wireline facilities exist, wireless may pro-yide service to fixed users as well. In other cases, a
vide a less expensive solution if the copper loop igyogified version of mobile network equipment is
deterloratlng and is affecting the rellak_)llltyoftele-depmyed specifically for use in fixed applica-
phone service. Furthermore, by using wirelesgions. The major difference between fixed and mo-
loop technology, telephone companies would ngjje systems is that a fixed system does not require
longer have to dig up established yards and streefgndoff capabilities. These modified cellular sys-
to replace facilities. tems have been successfully deployed in local
loop applications throughout Central Europe, in
Local Exchange Competition developing countries, and in other parts of the
For many years, the expense of duplicating the incvorld where there is little or no wireline infra-
cumbent’s copper loop was seen as evidence thatructure.
the local exchange market was a natural monopo- In the United States, most of the wireless local
ly. Today, regulators who are trying to facilitate loops are based on a technology specifically de-
competitive entry have had to require the LEC toreloped for use in the BETRS service in the 450
unbundleits network, allowing competitors to MHz band. However, newer wireless local loop
connect their switch to the existing loops. Onlytechnologies are being developed for use in the
the cable companies, who already have a wire tnew 2 GHz PCS band. These “low-tier” wireless
many homes, can easily contemplate entering th&ystems would provide service to fixed users, and
local exchange market with wireline technolo-would also allow limited mobility in the neighbor-
gies. hood around the user’'s home. Hand-offs between
Wireless technology may provide an alterna-cells would be supported at walking speeds, but
tive that will allow new local exchange competi- not at vehicular speeds. These low-mobility sys-
tors to enter the market. With wireless, a newems generally offer voice quality and data trans-
entrant does not have to install a copper wire tonission capabilities that match or surpass those of
each customer. Instead, it can deploy enough basecopper loop.
stations to provide telephone service to every In suburban or urban areas, wireless local loop
household in a city. This strategy would be espesystems would consist of many “radio ports” or
cially attractive for long distance carriers, cellularbase stations mounted on telephone poles or street
carriers, and other companies that already havehts. Each radio port would serve an area with a
switches or other infrastructure in place. Cableadius of about 1,000 feet, which would allow
companies, for example, could install base staeach port to serve 35 to 40 hormieé&ecause it is
tions at various points on their network in order tadifficult for radio waves to penetrate the walls of
provide local telephone service to a neighborbuildings, antennas would be mounted on the out-
hood. The cable network would be used to conneaide of customers’ homes. The antennas are then
the base stations to a switch at the cable headermbnnected by a wire to a phone inside the house. In

44 see comments of Southwestern Bell (now SBC) in Federal Communications Comrfissidreport and Order, Allocation of Spec-
trum Below 5 GHz Transferred From Federal Government B3eDocket 94-32 (1995).

45 See comments of US West, ibid.
46southwestern Bell comments, op. cit., footnote 44.
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rural areas, where homes are further apart, more Because of the limited amount of spectrum al-
powerful transmitters are used and the antenna Iecated specifically to fixed wireless applications,
mounted higher, allowing the signal to travel sevthe FCC needs to clarify whether PCS or other

eral miles to the customer’s home. mobile telephone spectrum can be used for wire-
less local loops. During the proceeding that
[J Regulation created PCS, the FCC emphasized that the new

In most states, fixed wireless service can only b§PECtrum was to be used for mobile ser_vfé”es.
provided by the incumbent, monopoly, local eX_The FCC has since indicated that, in certain cases,

change carrier. The reason is that most state regliwould be open to waiver requests from operators
lators have only allowed the monopoly telephoné€€King to offer a fixed service with PCS spec-
company to provide local exchange service. WheHum:*? However, this position was stated only in
the FCC created the BETRS service, it was caref§2ssing in an unrelated proceeding, and may only
to state that only the incumbent LEC or anothefPPly to rural areas.

carrier that had been certified by state regulators N

would be permitted to provide BETRS. The FcclLocal Loop Competition

also does not allow cellular, SMR, and PCS li-Many of the state rules limiting local exchange
censees to provide service to fixed users, excefmpetition are gradually being dismantled.
on an “incidental” or “ancillary” basis. If the Moreover, legislation currently being debated in
FCC's rules had permitted these licensees to pré=ongress would preempt state restrictions on

vide fixed service, this might have been seen agntry by local exchange competitors. Many of
sanctioning local exchange competition. these competitors are considering wireless as a ve-

hicle to enter the market. However, because the
FCC's rules on fixed PCS are uncleatr, it is uncer-
tain whether a cable company could use a PCS li-
Limited Spectrum cense to compete with the LEC. This is another
Despite the promise of wireless local loops, al+eason why FCC policies regarding the provision
most no spectrum has been allocated for this af fixed service by PCS, cellular, and SMR carri-
plication. The only spectrum used for fixed ers need to be revisited.

wireless is the 26 frequencies assigned to BETRS

in the 450 MHz band. These are allocated on a cdJniversal Service

primary basis, and are only available in ruralFixed wireless service may be able to advance the
areas. The FCC rules allow cellular spectrum to bgoal of universal service in the emerging NII. For
used for BETRS, under certain circumstancesmany years, telephone penetration rates in rural
but, in practice, only the 450 MHz band has beeiareas lagged behind those in the cities. To promote
used. LECs have been asking the FCC to allocateiversal service, regulators established a variety
additional spectrum for fixed wireless, claiming of mechanisms to direct billions of dollars in sub-
that the small amount of spectrum available hasidies from low-cost urban users to high-cost rural
limited wireless local loops to niche applicationsusers. This subsidy flow is now being threatened
and prevented their use on a wider sédle. by the transition to a more competitive industry in

[11ssues and Implications

47 United States Telephone Association comments, op. cit., footnote 44.

487|n ... allowing fixed use of PCS spectrum only on ancillary basis to the mobile service, we note that there is only a limited amount of
spectrum available to meet the primary purpose of serving people on the movedd=Ci€, footnote 12, at 7712.

49 FCC, op. cit., footnote 44, para. 20.
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which prices are expected to move closer to cosfordable even if subsidies are reduced. The rela-
Wireless may provide a way to lower the cost oftionship between wireless and universal service is
providing rural telephone service, making it af-discussed further in chapter 9.



Wireless
Data 4

he termwireless datadescribes a wide array of radio-
based systems and services centered around pagers, porta-
ble computers, personal digital assistants (PDAs), and
specialized applications for business. These wireless
technologies enable users, who range from mobile professionals,
to delivery drivers, and to factory and office workers to exchange
electronic mail, send and retrieve documents, and query data-
bases—all without plugging into a wire-based network. To date,
however, growth in wireless data services has been low. Applica-
tions have been slow to develop, current speeds and capabilities
cannot match those of wired services, and prices have been high.
Like developments in other wireless technologies, there is great
uncertainty regarding what applications the mass market wants,
what it is willing to pay for, and what types of devices will match
user need$ Before the potential for wireless data services can be
realized, service providers and manufacturers will have to over-
come a number of technical, economic, and consumer-knowledge \\
obstacles. //

FINDINGS

= The wireless data industry is at a nascent stage. Wireless
data applications and systems will continue to grow, but at
a slower pace than most analysts prediciThe acceptance

1Ken Dulaney, “Mobile Computing—Mobilizing the Organization,” materials pro-
vided at Gartner Group presentation at the World Bank, Washington, DC, Feb. 10, 1994.
Dulaney cites the example of Apple’s Newton as a product that did not have a clear market
or purpose, hence its low sales. He also notes that questions surrounding the ergonomics
of portable computing devices—keypad and screen size, interface technologies, and ca- | 99
pabilities—will only become clearer as users actually start to buy machines.



of wireless data by consumers and the general
business market may be much lower than ex-
pected, especially in the short term. To date, use
of wireless data technologies and systems re-
mains concentrated in a small subset of busi-
ness users—primarily in the fields of trucking,
public safety, field service, and (taxi and couri-
er) dispatch services. Current estimates of the
total number of mobile data users range from
275,000 to 600,008.Residential consumers,
however, make little use of most wireless data
communication technologies, and the pros-
pects for significant growth in the consumer
market are highly speculative and long term.
Users have just begun to see the benefits wire-
less data can offer.

Despite this slow start, most industry ana-
lysts still expect wireless data to be one of the
fastest growing sectors of the wireless industry.
Applications and services are improving, and a
host of new wireless data systems are expected
to be introduced within the next five years.
Some analysts predict the use of wireless data
will grow as much as 30 percent per year, and
many expect this growth to accelerate over the
next decad@.OTA believes, however, that ac-
tual growth rates will be lower due to uncertain
demand and technical difficulties in integrating
wireless and wireline data networks and ap-
plications.

Technical challenges will continue to slow
industry growth, but most analysts believe
the problems will be solved as the technolo-
gies and the industry naturally mature
Wireless data services lag those offered on
wire-based networks, including the public tele-
phone network and public/private computer
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networks, in many respects. Current speeds of-
fered over wireless networks, for example, are
usually substantially less than those available
using wireline technologies, and it is unclear
how advanced networking applications and
protocols, such as Asynchronous Transfer
Mode (ATM), will be adapted for use in a wire-
less environment.

Interoperability between wireline and wire-
less networks and services is a continuing prob-
lem. Services and applications designed for
wired media work less well (and sometimes not
at all) using the often-noisy and congested air-
waves. Interoperability problems also result
from wireline data communication standards
and protocols that generally have not incorpo-
rated wireless features and requirements. Final-
ly, the multitude of new wireless data com-
panies that has sprung up has also led to many
companies selling proprietary products and
services that do not work together. Companies
have been started that integrate wireless ser-
vices, and software is being developed that at-
tempts to mask as many of the differences as
possible.

Fundamentally, these problems exist be-
cause the development of wireless data
technology is still in its early stages, but they
also reflect frequency allocations that were
made based on past applications—when needs
and spectrum requirements were lower. The
federal government has recently allocated more
spectrum to wireless data services, and private
companies are working to improve their prod-
ucts by making them easier to use and more in-
teroperable with existing wireline networks
and services.

2For individual services, estimates of subscribership vary, and, in most cases, are closely guarded. Some analysts suggest, for example, that
RadioMail has only 1,000 paying customers, Ram Mobile Data between 3,000 and 15,000, and Ardis some 50,000, but with flat growth. “Ra-
dioMail Slashes Mobidems to $199/bbile Data Reportvol. 6, No. 7, Apr. 11, 1994, p. 4. David Strom, consultant, presentation to OTA, Oct.
10, 1994.

3BellSouth, for example, predicts that 33 percent of its wireless revenues will be from data and that 25 million Americans will use wireless
data services. BIS Strategic Decisions predicts wireless data revenues will be $10 billion/year by 2000. Andrew Kupfer, “Look, Ma! No Wires!”
Fortune Dec. 13, 1993, p. 147. Datacomm Research predicts the value of mobile hardware, software, and services will grow from $450 million
in 1992 to $3.7 billion by the year 2002. Datacomm ReseBaitable Computers and Wireless Communicatig¥igmette, lllinois, 1993).
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WIRELESS DATA SERVICES updated product information, and doctors can
be paged for emergencies.

0 Applications For the past decade, the use of these services
Wireless data services use a mix of terrestrial anflas heen limited to a small group of business users
satellite-based technologies to meet a wide variety;ith high mobility and connectivity needs—those
of local (in-building or campus settings), metro-yyho could afford the high prices of equipment and
politan, regional, national, and international com-eyyice. Package delivery companies such as UPS
munication needs. Most often, wireless datayng Federal Express, for example, rely on wireless

systems are designed to serve user needs for Mg@sta to keep up-to-the-minute track of parcels and
bility or portability—mobile datés a widely used oy gispatch services (see box 4-1).

term—~but many mobile systems a_nd gpplications Today, however, the kinds of people and com-
can also serve the data communication needs ghnjes who use wireless data products are chang-
users who do not move abotixed use_rs)‘? A ing and expanding. As the United States has
number of wireless data applications, in fact, argngyed into a more competitive international envi-
being designed with fixed users in mind. ronment and a more service- and information-
Traditionally, wireless data applications andpgged economy, the use of computers in the

services have been concentrated primarily in afeyyorkplace has increased. In addition, more work-
narrowly definedyertical, business markets, in- g gre getting out of the office—but even within

cluding: the office or factory setting, the value of being mo-

= Field service(dispatch, sales, repair, parts or-bile (but in touch) is being recognized (see box
dering, work order processing). Field techni-4-2). These changes are beginning to affect the
cians rely on wireless communication systemsonsumer mass market and the more gertevgl,
to get their next assignment, order parts, andzontal business market for wireless data prod-
check customer histories and accounts. ucts and services.

= Fleet managemer(dispatch, parcel tracking, = Moving from specific (and specialized) ap-
vehicle location, and security). Wireless ser-plications to products designed for the general
vices are heavily targeted to trucking and otheuser, however, is proving difficult. Services de-
transportation industries. Wireless systems alsigned for one company often do not translate well
low companies to dispatch trucks faster ando another with different needs and expectations.
more efficiently, track cargo, locate trucks, planHowever, some general applications have been
routes, and find stolen vehicles and merchanidentified, including computer network exten-
dise. sion, Internet access, wireline replacement (point-

= Messaging(paging, e-mail, short messages).of-sale terminals, alarm monitoring), personal
Wireless systems also allow remote workers tservices (computer services, online services, and
stay in touch. A regional manager can be conether information services), and other data ap-
tacted at any store, sales personnel can be sesiications, such as medical monitoring equip-

4As noted in chapter 1, fixed use can be thought of as a subset of mobile use. Cellular phones, for example, work just as well (sometimes
better) when one is standing still as when one is driving or walking. Intuitively, if a system can serve mobile users it can usually serve fixed users
as well. Although some engineering concerns (power level, building penetration) may be different, in many cases the same system can serve
both types of users.
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BOX 4-1: United Parcel Service's Use of Cellular Technology

In 1992 United Parcel Service (UPS) began developing a nationwide, real-time, package tracking
system, combining UPSnet—UPS'’s existing wire-based network-with cellular technology. To provide
this service, UPS had to stitch together a network of over 70 large and small cellular carriers, including
GTE Mobile Communications, AirTouch (formerly PacTel Cellular), McCaw Cellular, and SouthWestern
Bell Mobile Systems. These companies also arranged to provide UPS with a single point of billing for air
time. The project involved technical as well as logistical challenges for UPS, the cellular industry, and
equipment manufacturers, In February 1993 UPS initiated the new service it calls TotalTrack.

When delivering a package, UPS drivers use a device called a DIAD (Delivery Information Acquisi-
tion Device) to scan the bar codes on the package’s label. When the driver returns to the truck, he
inserts the DIAD into the DIAD Vehicle Adapter (DVA). The DVA transfers the package information from
the DIAD and transmits it to a cellular telephone tower via an in-vehicle cellular modem. The data are
then routed through the cellular system to the wireline UPSnet, and on to the UPS Data Center in New
Jersey. Here, package information is stored in a database where it can be accessed by a UPS custom-
er service representative.

By implementing the TotalTrack system using the U.S. cellular infrastructure, UPS has been able to
keep pace with Federal Express, which in the 1970s and 1980s built their own private wireless data
network to provide real-time package tracking. On an average day, UPS will track roughly 6.3 million
packages with TotalTrack, moving about 290 million bytes of data over the cellular network. This utiliza-
tion of the current U.S. wireless infrastructure enabled UPS to meet the growing demands of its clients.

SOURCE: office of Technology Assessment, 1995.

ment. At the leading edge, videoconferencing and
video telephony products are being developed for
laptop computers.”’

Finally, an increasing number of wireless data
applications will not involve people at al. Sys-
tems are being developed to locate stolen cars,
track individual pieces of cargo on trucks and
trains, and remotely monitor environmental
conditions (tides, wind, snowfall) and industrial
operations such as natural gas/oil wells or pipe-
lines. These systems give companies more im-
mediate information and closer control over their
operations in locations where wireline technolo-
gies either will not work or are impractical .

As the needs of wireless data users become bet-
ter defined, new technologies and applications
will be deployed. Service providers and equip-

ment manufacturers have entered a period of in-
novation and uncertainty as they seek to
(re)design products and applications to appeal to a
wider audience. The next several years are likely
to be characterized by rapid product turnover, slim
margins, and consumer confusion. The technolo-
gies and services that succeed and those that do
not will only be determined as users buy, and the
market reacts.

OFactors Driving Demand

The most important factors fueling the demand for
wireless, especially mobile, data communications
services are: 1) the dramatic increase in sales of
portable computers; 2) a growing familiarity and
use of computer networks; and 3) arising expecta-
tion of being able to access information anywhere,

‘Current systems use telephone lines and V.34 (28.8 kbps) modems to deliver video at 7 to 10 frames per second (normal video runs at 30
fps), and cost from $1,000 to $1,500. The Personal Conferencing Specification now being developed will offer a standard for videoconferenc-

ing.
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BOX 4-2: Wireless Technology in Restaurants

To speed order processing and improve customer service, some restaurants are implementing wire-
less technologies that allow wait staff to send customer orders directly from the table to the kitchen or
the bar. One such system, the Squirrel Restaurant Management System, uses Fujitsu palmtop comput-
ers with PC card radio modems, and allows wait staff to transmit orders, call up drink and menu inven-
tory, and process credit cards—all from the customer’s table.

This system uses frequencies in the unlicensed 902 to 928 Mhz band to transmit signals from the
hand-held unitto a system base station. The system achieves a burst data rate of up to 242 kilobits per
second and has a range of 300 feet indoors and 800 feet outdoors. The Fujitsu PogetPad sells for
$2,285, including the radio modem. Additional costs include the Squirrel Restaurant Management soft-
ware package and the restaurant base stations, each of which can accommodate five hand-held units.

In addition to speeding the delivery of the customer’s order, such systems have enhanced account-
ing processes in many restaurants. Prior to implementing such asystem, restaurant management would
have to go through every order slip to track the number of salads, bottles of wine, etc. they had sold in
a day/week/year. With the automated system, restaurants can have the wireless device send one copy
of the order to a printer in the kitchen, and one to a main computer which keeps records of the sales.
This makes tracking inventory and checking employee theft much simpler for restaurant accounting of-
fices.

Although increasingly popular, these systems have encountered some problems. For example, one
restaurant which implemented a wireless ordering system found that, without extensive training, wait
staff spent too much time looking at the hand-held device while at the customer’s table, and not enough
time talking with the customer.

SOURCE: Jeff Tingley, “Wireless Pen Computing Serves Restaurant Industry,” Wireless for the Corporate User, vol. 3 No. 1, 1994,

p.52.

anytime." Today, worldwide notebook computer
sales total aimost 8 million units, accounting for
17 percent of the market for personal computers
(see figure 4-1)." By 1998, at least one company
predicts that sales of notebook computers will
capture 22 percent of the total market. These fig-
ures suggest that workers in many jobs and who
exhibit varying levels of mobility are using porta-
ble computers—no longer will they be confined to
traveling professionals and executives. Most in-
dustry observers believe that the latent demand for
mobile/portable computing is enormous, and that
the development of mobile computing applica
tions and software will lead to a corresponding in-

crease in the demand for wireless connectivity
(see box 4-3). This may be areflection of the same
trend that is fueling increasing cellular phone sub-
scriptions by small businesses and even mass mar-
ket consumers—the increasing desire and/or need
to be connected to family, friends, the office, cus-
tomers, or suppliers.

At the broadest level, wireless data applications
are being driven by the increasing demands for
mobility and by a need to access information im-
mediately from any location. Almost 50 million
workers have jobs that can be classified as mobile
in some way (see chapter 2). For some, mobility is
an inherent part of the job---a supervisor on a fac-

*Decision Resources, "Wireless Data Communications: Scenarios for Success,” written by Clifford Bean of Arthur D. Little, Inc., cited in

Mobile Sate/life News, vol. 5, No. 18, Sept. 15,1993, p. 4. For a discussion of the trends affecting the mobile computing industry, see Dulaney,

op. cit., footnote 1.

‘Paul Taylor, “Small, Light—and Powerful,” Financial Times, May 3.1995, p. 5.
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Personal digital ~assistants  (PDAs) allow - users—to -take many of
the functions of their office with them when they travel. This

unit combines pen based computing with wireless electronic

mail and fax capabilities.

FIGURE 4-1:

tory floor, a sales representative with a large mul-
tistate territory, or a repair technician working in a
metropolitan area. These people need to be in
touch with colleagues, customers, and suppliers;
access company files; and transmit status reports
and updated information. Wired networks may
not always be easily accessible or convenient.

For other workers, mobility is only an occa-
sional part of the job. Professionals and white-col-
lar workers often use computers and computer
networks in their offices, but when they travel-to
visit clients, attend a conference, or take a vaca-
tion-these resources stay behind. Increasingly,
however, users are demanding access to the same
capabilities when they travel as they have in their
offices, including electronic mail (one of the most
common uses of mobile data services), remote file
access, and fax.

WIRELESS DATA SYSTEMS

The following sections describe the various wire-
less data systems according to the character of the
information sent (one-way or two-way) as well as
the distinctions created by past regulatory and
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BOX 4-3: Wireless Data Devices and Products

Persona/ Digital Assistants. In the last two years, products have been introduced that combine many
of the functions of a personal computer with wireless communication capabilities, including e-mail, pag-
ing, faxing, and remote data access. Some also enable users to place and receive phone calls. These
personal digital assistants, PDAs, include Apple’s Newton, Tandy’s Zoomer, Motorola’s Envoy, and IBM/
BellSouth’s Simon. Prices range from $200 to 1,500, depending on features. Some of these devices now
use cellular or private data networks to allow users to communicate.

By most estimates, the introduction of PDAs has been a disappointment. Although experts disagree
on which factor was most important in their low sales (poor handwriting recognition, slow processing
speeds, etc.), nearly all agree that lack (and/or the high price) of communications software was an im-
portant contributing factor. Apple’s Newton, for example, could communicate with other Newtons, but
adding the capability to communicate with the “outside world” cost more. The fact that communications
is viewed as so important in their demise, however, may mean that future PDAs (now sometimes called
personal communicators) with standardized (and affordable) communications capabilities for messag-
ing, faxing, e-mail, and perhaps even voice will be more successful.

Other factors contributing to the slow start of PDAs include unreliable (due to poor quality of links)
transmission, and high prices both for the units themselves and transmission and data services. The
machines also use competing operating systems: Apple and Sharp use Newton, Tandy/Casio use
Zoomer (software by Geoworks), Microsoft (with Compag) has developed Winpad , and General Magic,
whose backers include Sony, Motorola, ATT and Apple, and Phillips, has developed software called
Magic Cap,

Pen-based computing. In contrast to the disappointing sales of PDAs, pen-based computers serving
specific business uses—field technicians, delivery personnel, insurance caseworkers—have been rela-
tively successful. Each of these vertical applications, however, usually will not work with the others, Spe-
cial software is customized for each user; with different capabilities and ways of entering information.
Many applications require the individual user to fill an electronic “form” that is designed to capture spe-
cific kinds of information---census data for example—that would not transfer to other businesses.

PCMCIA cads. Personal Computer Memory Card International Association (PCMCIA) cards, also
known as PC cards, are credit card-size devices that plug into a special slot in a (laptop) computer and
perform a range of functions—modem, LAN access, hard drive, even GPS capabilities. In modem and
LAN access applications, PC cards can use cables to connector radio waves. PC cards have had their
share of problems—software incompatibilities, excessive memory and power requirements, and hard-
ware connectivity-, but these problems seem to be subsiding as manufacturers and developers refine
their designs and products.'However, wireless PC card adapters are still expensive; costing from $600
to $800 each.

SOURCE: Office of Technology Assessment, 1995.

'For an overview, see PC Magazine, Jan. 24, 1995, which has a series of articles on PCMCIA cards.
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technological differences. Many of these systemmﬁ;{;{; # e
can or will offer essentially the same service(s), ' :

but at different costs and with slightly different
features and coverage aré8# types of systems

are discussed: broadcast, two-way messaging,
cellular data, wireless computing, unlicensed ser-

vices, and satellite data services. 4
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[Broadcast Systems

Broadcast technologies are well suited to distrib-

uting data from one central location to many USEr®agers, such as this alphanumeric unit, have become one of

(point-to-multipoint) in a given area. or to reach the most popular means for people to stay in touch via wire-
. . ! . less.

a user whose location is unknown or who is mov-

ing about. Although these technologies are ones

v th ” He the | voice or numeric pagers, the user receives a voice
way only, they often provide the lowest COStynessage or phone number on their pager. The
alternative for keeping in touch with family, busi-

most advanced units, alphanumeric pagers, can

ness associates, and employees, and are inCreageejve short text messages, e-mail (even from the
ingly being used by residential consumers as Wellpemet), voice mail notification, and information

as businesses. services such as traffic alerts or stock quotes. In
1993, numeric pagers accounted for 87 percent of
Paging the pagers in use, alphanumeric 7 percent, tone-
Paging services represent the most basic form ainly 4 percent, and tone/voice 2 percent (see fig-
w&l&s data delivery. Use of pagers has boomedure 4-2)
in the past five years as prices have dropped 50 Paging companies are expanding their services
percent-to below $100 for basic mod&dbout  to provide more sophisticated communication
600 paging companies operate in the Unitedervices. MobilComm, the country’s second larg-
States today, providing services to over 19 millionest paging company, began sending messages to
people--making paging one of the most widelyNewtons and other PDAs using a receiver that
used wireless services. Paging systems provideosts $200. Mtel is building a $150 million net-
service at all levels-local, regional, and national,work that will allow users to acknowledge re-
and equipment and usage are usually quite inexeeived pages beginning in 1995, and its Skytel
pensive. Customers pay between $50 and $500 f@ervice has already begun testing two-way
a pager and between $15 and $100 per month fasommunications. Recent Federal Communica-
service” tions Commission (FCC) auctions of narrowband
Paging companies provide a range of servicespersonal communications service (narrowband
With tone-only pagers, the paging company transPCS-see below) frequencies made additional
mits a signal to the user’s pager, alerting them tespectrum available for advanced digital and two-
call in for a message. With more advanced tonelvay paging services. This new spectrum will en-

‘For an overview of current products and services, see various articlBatm Communications,vol. 24, No. 4, Mar. 21, 1995.

“Lois Therrien, “Pagers Start to Deliver More than Phone NumbeBusiness WeekNov. 15,1993
“David Strom,"Reality Check on Wireless Data ServiceBisiness Communications Reviewlay 1994, pp. 62-66. See also Data Com-

munications, op. cit., footnotes.
"EMCI, Inc., based on EMCI paging survey, January 1994.
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able paging companies to offer awide array of
new information services, continuing the trend to-
ward higher functionality.

By combining a computer or a PDA with a pag-
ing unit, users can receive data files, short mes-
sages, and other more advanced features. Some
analysts expect that alphanumeric paging will be-
come an integral part of portable computers before
the end of the century, and that computer-based
services will represent an increasing portion of the
paging business. *In the future, paging devices
may be reduced to a single computer chip and inte-
grated into a wide range of computing and in-
formation devices. One idea now being developed
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would have the paging chip be unprogrammed
when purchased, allowing the purchaser to call
their preferred service provider that would then
program the chip over the phone.”

Regardless of the type of service provided, all
paging systems use similar technologies and ar-
chitectures to deliver service (see figure 4-3).”
When acaller wishes to send a message to a pag-
ing customer, he calls the paging company, which
then encodes the message with the paging custom-
er's “address,” called a cap code, and broadcasts
it * The subscriber’s pager receives the wuisliik-
sion and alerts the user. To achieve the best pos-
sible coverage of an area, paging companies use a
technique called smulcasting that transmits the
same message from multiple transmitters at the
same time. To extend the coverage of services,
many companies establish agreements with other
paging companies that allows their customers to
use paging systems outside their home system. A
few service providers have assembled nationwide
networks using this approach. National paging
services also use satellites to relay messages be-
tween local systems.” Because pagers are gener-
ally tuned to specific service providers, users
cannot easily change carriers-unlike cellular
phones, which can be easily reprogrammed.

Radio Broadcast

Traditional AM and FM radio broadcasters are ex-
ploring ways to deliver information services using
their broadcasting facilities. Some are experi-
menting with Radio Data System (RDS) technol -
ogy that will transmit additional information—
such as song title and artist, the station’s call |et-
ters, and music format information-along with

“The Gartner croup, for example, predicts that 50 percent of all palmtop computers will have paging capabilities built in by 1998. See also
T. Garber, “Specia Report,’ 'Radio Communications Report, vol. 13, No. 10, May 23, 1994.

“Andrew M. Seybold, Using Wireless Communicationsin Business (New Y ork, NY: Van Nostrand Reinhold, 1994).

“Paging companies are licensed in 25 kHz channels in four bands: Lowband, Highband, UHF, and 900 MHz. The recent Fcc Narrowband
PCS auction made available 1,300 KHz of additiona spectrum in three bands between 900 and 941 MHz.

“Alphanumeric pagers are an exception. A Computer with paging software and a modem, rather than just a telephone, is required to initiate

an alphanumeric message. Telephone answering services (TAS) are available so that anyone with a telephone can call the TAS and leave a voice
message with a representative, who then inputs the message through a computer to the paging company’s encoding and controller station.

*D. Baker (ed.), Comprehensive Guide to Paging (Washington, DC: BIA Publications, Inc., 1992).
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FIGURE 4-3: Generic Paging Syster
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the regular programming.  Such systems have
been used in Europe for many years, but the U.S.
Radio Broadcast Data Service (RBDS) was only
established in early 1993, and deployment of the
technology has been extremely sow. By early
1994, some 100 stations were said to be using
RBDS, but few RBDS-compatible radios are in
use.”

Other radio data services being considered in-
clude travel advisories, local restaurant/hotel in-
formation, and advertising supplements. In FM
radio, for example, broadcasters would like to use
the FM subcarrier to transmit supplementary ad-
vertising information-school closings, stock
quotes, and other information services--directly

to personal computers, ~ Such systems have been
tested, but most efforts are only in the conceptua
stage. Standardized (receiving and processing)
technology for consumers has not been devel-
oped, and systems are not expected to be ready for
widespread deployment until late 1995 or 1996.
Speeds up to 19.2 kilobits per second (kbps) are
expected to be available, and, like other broadcast-
ing applications, these types of services are ex-
pected to serve both mobile and fixed users.

Television Broadcast

Using their existing equipment, television broad-
cast systems are capable of transmitting data in
several ways. Over the years, a number of at-

“The system uses a subcarrier that is broadcast alongside the main radio signal and allows data to be sent at about 1.2 kbps. It does not

interfere with the main radio programming. Reportedly, a higher data-rate standard is being developed by the National Radio Systems Commit-
tee of the National Association of Broadcasters-perhaps ready by 1995— that would carry information at speeds up to 20 times the existing
standard. Bennett Z. Kobb, Spectrum Guide (Falls Church, VA: New Signals Press, 1994), p. 29.

*John Gatski, “
*Paul Farhi,

RDS/RBDS Slowly Gains Acceptance,” Radio World, vol. 18, No. 4, Feb. 23, 1994.
“EZ Communications Forms Unit to Develop Radio Technology,” The Washington Post, Dec. 4, 1994, p. D4.
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tempts have been made to develajeotextser- lems with the technology and availability of
vices that send data—including stock quotesequipment. In addition, a number of the IVDS
newspapers, and other local information—in theauction winners defaulted on their bidding com-
vertical blanking interval (VBI), the black stripe mitments.

at the top/bottom of a television picture. To de- Two factors will seriously limit the imple-
code the data, users had to have a set-top box thaentation of data systems by broadcasters in the
would capture the information, store it, and dis-short run. First, most of the services developed so
play it. None of these experiments were commerfar are fairly low bandwidth, and demand has his-
cially successful. The VBI can also, theoretically,torically been low. Second, these systems are
be used for applications such as paging and updasased on the existing analog technology currently
ing retail information (stolen credit card lists, for ysed by television broadcasters. They will most
example), but there has been little demand fofikely not work with the digital broadcasting sys-
these services from businesses and most broagms now being developed (see chapter 5). Once
casters are not providing them. digital broadcasting technologies are implement-

~ Othermethods for transmitting data are also beaq, proadcasters hope to use at least some of their
ing developed. Recently, one company has devepectrum to provide various information services.

oped a proprietary system that transmitSrhe terms under which such uses will be allowed
high-speed data using the whole broadcast signghye peen a contentious issue for policymakers.

Wi_thogé interfering with the regular program- | qgis|ation now being debated in Congress gener-
ming <~ Similar to the sideband broadcasting aP3lly allows broadcasters to provide “ancillary or

plications peln_g developed_ for radio broadcastmgSuplolementary services,” subject to various i-
other applications are being developed that usg

S ; ensing restrictions and payment of fé&3he
television secondar_y audio (SA) chanr?_él@ne efinition of an “ancillary or supplementary” ser-
system currently being tested uses audio channels . .

. . \ . vice remains unclear, however, and what services
transmitted via satellite to deliver current weather . ] )
. ) .~ will be allowed remains uncertain.
information and emergency weather and environ-
mental alerts to personal computers located ]
around the country. [J Two-Way Messaging

The industry is also working with new compa- Two-way messaging services provide a variety of
nies to provide Interactive Video Data Servicesnteractive low-speed data applications, and can
(IVDS). These systems would allow viewers to re-serve fixed, portable, or mobile users. Many indi-
spond to polls, order merchandise, and play alongiduals use two-way services to send and receive
with game shows by using a remote control and alectronic mail and access company data net-
set-top box connected, via special IVDS frequenworks. Other services include remote meter read-
cies, to a local control center. Frequencies foing, point-of-sale and credit card verification, and
IVDS were auctioned by the FCC in 1994, but seralarm monitoring. Some of these applications

vices have not yet been deployed because of probeuld be provided by wire-based systems, but the

20presentation of Wave-Phore at the National Association of Broadcasters convention, Las Vegas, NV, April 1994.

21These channels are currently used to provide second-language translations for television programming, or, on some PBS stations, weather
reports.

22 S, Congress, Senag,652, Telecommunications Competition and Deregulation Act of\M@@hington, DC: U.S. Government Print-

ing Office, 1995); U.S. Congress, House of Representati/€s, 1555, Communications Act of 1998ashington, DC: U.S. Government
Printing Office, 1995).
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high cost of laying wire would likely be prohibi- data sent, while Ardis’s range from $39 to $299
tive, and, in many cases, it is easier to install @er month, and are based on the number of mes-
wireless system. sages serf

Packet Radio o _ _Narrowband Personal Communications
The two-way data messaging industry is domigganice

nated by Ardis (.backed by Motorola) and R‘timln 1993 the FCC established a new category of

Mobile Data (a joint venture of Ram BroadcastlngWireless data services. narrowband PCS: allo-

g?fgrif)ltla?:ic;fitzhegr;fr;prgziisgéggszzrslsl(?egrgr\i/:gzrr-scated spectrum for it; and established the rules that
ily to companies, but are now trying to expandwOUIOI govern the systems operatm’ﬁsl?ollow-
into more general markets (e.g., mobile profeslng congressional mandates, in 1994 the FCC be-

sionals). Some analysts doubt that such a strate%?n auctioning narrowband PCS licenses. To date,
will work, citing potential competition from both 10 national and 30 regional licenses have been
cellular carriers deploying cellular digital packet@Warded; bringinginjust over $1.1 billiGAA to- _
data (CDPD) and future narrowband PCS compat-al of 3,554 licenses will be issued to companies
nies (see below). that plan to offer new services as well as expand
Commercial messaging services are provide@nd augment existing networks and services. The
through terrestrial towers in each metropolitanfirst systems are expected to begin operation
area. Digital packet technology is used to send inSometime in 1995.
formation over channels in the 800 MHz SMR fre-  The FCC defines narrowband PCS as a family
quency band. The Ram service is currentlyof mobile and portable radio services that will pro-
available in more than 250 metropolitan areasyide a variety of advanced paging and messaging
while Ardis serves the nation’s 400 largest metroapplications to individuals and busines3est
politan areas—coverage is not quite nationalpromises low-cost, two-way data communication
Both services are designed to deliver short (200 teervices that are expected to appeal initially to the
300 bytes) text messages, generally using specidladitional mobile data markets, such as field sales
ized equipment. Ram operates at 8 kbps and Ardi (repair) service and fleet and courier disp&tch.
is upgrading its network to offer speeds up to 19.Narrowband PCS licensees plan services that in-
kbps, but actual data throughput is usually aboutlude: credit-card verification, locator services
half these speeds. Each offers a range of pricingfor vehicle dispatch and tracking), voice paging,
plans based on peak and off-peak times and diffeecknowledgment paging, and two-way exchange
ent levels of use. Ram'’s prices range from $25 tof short messages. These services will be deliv-
$135 per month, and are based on the amount efed to user devices such as alphanumeric pagers,

23Joseph Palenchar, “Will Cellular Packets Lead the Way in Wirelbgsifite Office July 1994Data Communication®p. cit., footnote 8.

24The service was allocated 3 MHz of spectrum at 901 to 902 MHz, 930 to 931 MHz, and 940 to 941 MHz, of which 1 MHz was held for
future uses. Federal Communications Commis#omendment of the Commission’s Rules to Establish New Narrowband Personal Commu-
nications Serviced-irst Report and Order, Gen. Docket 90-314, 8 FCC Rcd 7162 (1993).

25 jcenses were divided among four types of service areas: 492 Basic Trading Areas and 51 Major Trading Areas (as defined by Rand
McNally), five regional licenses, and 11 national licenses. Six companies paid $617,006,674 for 10 national licenses: Airtouch Communica-
tions Inc., Bellsouth Wireless, Inc., Destineer Corp (MTel), McCaw Cellular Communications, Inc., Pagenet, and Pagemart. Six licenses were

auctioned for each of the five regions, with bids totaling $488,772,800. Robin Gareiss, “PCS: Making Sense of the NewlBseviCem”
munications October 1994, p. 49.

26rederal Communication Commission, op. cit., footnote 24.
27Gareiss, op. cit., footnote 25.
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computers equipped with radio modems, portablérom a computer using the telephone lines. A com-
fax machines, and portable computers. puter is connected to a radio modem that dials the
Like other new wireless systems and servicegphone number and makes the connection using
the costs of building the systems and the pricegegular cellular channels. Radio modems add fea-
that will be charged are closely guarded by thdures to compensate for the different transmission
companies involved. One company, Pagemart, esharacteristics of the airwaves, which are more
timates the cost of building their system is abouprone to noise and interference than the wireline
$200 per subscriber—more than a traditional pagretwork?2®
ing system, but significantly less than the $750 Alternatively, using a regular wireline modem,
that cellular companies say they spend on building user can connect his or her computer directly to a
their systemg® Prices are still being determined, cellular phone through a data connection (RJ-11
but are expected to be higher than traditional pagack) built into the phone (not all phones have
ing services, but less than other wireless data sesuch connections). This method is often less reli-
vices such as Ardis/Ram, CDPD, or cellular. able, however, because wireline modems are de-
signed for landline use and may not be able handle
[ Cellular Data the_differences in cellular phone netw_orks and
calling procedures; the phone may disconnect
ring cellular hand-offs, for exampi®.Such
lﬁ?ttoblems, combined with the interference and

radio networks and future narrowband PCS. Cely,5is0 common in cellular voice calls, make cellu-

IuI'ar data transmission ?”OWS users to d‘? EV€NY[ar data calls less reliable than those made through
thing they can do with a regular wireline

; the public telephone netwopk.Maximum speed
modem— connect to office LANs, send and re

is theoretically 9.6 kbps, but actual speeds are usu-

ceive electronic mail or text files, access onllnea”y lower—2.4 or 4.8 kbps.

services, and bro_wse_ the Internej[. Speeds rémain ¢ rrent circuit-switched analog data applica-
slow; and operation is not as re“able asa W're‘gions, which currently account for about 3 percent
modem, but cellular systems are rolling out new,

digital dat ) that should i ; of total cellular traffic, may grow in the next sever-
mlglrf:e ata services that should Improve periors, years, but in the longer term, they will be dis-

continued®2 Cellular providers are now
deploying digital data technologies that use their
Circuit-Switched Cellular Data existing networks (CDPD-see below), and even-
The traditional method for sending data over a celtually, they will completely replace their analog
lular system is much the same as sending datervice with new digital services (see chapter 3).

Cellular telephone systems can also be used

28pid.

293pecially designed cellular modems offer advantages over regular landline modems for cellular use, but they generally require the same
type of modem on both ends to work (a mobile worker with a cellular modem cannot just connect with anyone with a regular modem). To over-
come this compatibility problem, some carriers have instituted mpdetsthat allow users with cellular modems to dial in to the pool and the
carrier will serve as a go-between, translating the cellular modem signals into signals the modem being called can understand.

30Common cellular-network impairments include frequent cellular base-station hand-offs, dropouts, call interference,

fading, echo, and other types of signal distortions. These problems require signal conditioning techniques not implemented in traditional
landline modems.

31patacomm Research reports that “even with special ‘cellular modems,’ one can expect call attempts to fail anywhere from 20 to 50 per-
cent of the time,” op. cit, footnote 3, p. 23.

32palenchar, op. cit., footnote 23.
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Cellular Digital Packet Data vices, dispatch, fleet management, package
To overcome the limitations and high cost of cir-delivery and tracking, telemetry, two-way paging,
cuit-switched cellular data, a group of cellular carInternet access, and electronic n#4il.
riers began to develop an alternative data Service packages currently range from $11 to
transmission system called cellular digital packe$139 per month, and, like Ram and Ardis, are usu-
data (CDPD) in 1992. Standards were agreed to ially based on varying levels of usage that allow us-
mid-1993. CDPD radio modems transmit data byers to match their usage to their budgets.
breaking the information into digital “packets” Following the technology, pricing structures fa-
and sending them over vacant channels on existror shorter communications. Messages of up to
ing analog cellular systems—no one channel i9,000 characters, for example, may cost as little as
dedicated to one data “conversation” as in circuit$0.1735 CDPD is expected to be more cost-effec-
switched servicé? Although CDPD was origi- tive than circuit-switched data services for short
nally envisioned as a dynamic system in whichcommunications, while circuit-switched may be
vacant channels would be identified “on the fly,” preferred for larger file transfers.
in_practice, system operators _have set aside a cer-gqr cellular system operators, CDPD offers an
tain number of channels dedicated to CDPD usgnportant benefit; it allows them to upgrade their
in order to improve performance. CDPD systemgjata capabilities without replacing their existing
can transmit at speeds up to 19.2 kbps, but actugha|og cellular infrastructure (antennas, transmit-
throughput is closer to 9.6 kb_ps because_of CIMOkers, frequencies), and with the addition of very
correction features added to increase reliability. |ittje additional equipment. This “overlay” ap-
'CDPD services are being designed to support g.oach may allow CDPD services to be rolled out
wide range of data applications. In addition to thgaster and at less cost than competing services that
mobile services used by professionals and fielgaye to be built from scratch like some of the new
technicians, CDPD is also being developed foharrowband PCS servicdé.CDPD also offers
some fixed location applications, such as vendingerformance advantages over circuit-switched
machines and remote utility installations like nat-ce||u|ar data app”caﬁons, induding better error
ural gas wellheads. CDPD can be used like aregéorrection; improved reliability; faster speeds;
lar wireline modem to remotely connect to LANS, more flexible functions, including multicasting;
access databases, and exchange files, but it is egd potentially lower costs.
pecially useful for applications characterized by One important advantage that CDPD has over
short “bursty” data. CDPD systems have been demost other wireless data technologies (except sat-
signed to favor shorter transmissions (less thasllite services) is coverage. The potentially wide
600 words) and have been optimized for useravailability of CDPD—cellular services are cur-
who send and receive many short messages (506ntly available to about 95 percent of the popula-
characters, or 50 to 75 words)—credit-card verifition—would give it a distinct edge over existing
cation, real estate transactions, emergency sewireless services such as Ardis and Ram, which

33Data are NOT sent in between pauses in conversations, but in the time between different conversations. When a voice conversation is
assigned to a channel currently being used for data, the system will automatically find another vacant channel and switch the data communica-
tion so that no interference occurs. This is called “channel hopping.” Research indicates that an average channel is unused as much as 30 percent
of the time. John Gallant, “The CDPD NetworEDN, Oct. 13, 1994.

34ipid.

35“Sending the same message via circuit-switched cellular could cost more than four times that amount because carriers bill for air time in
one-minute increments, even if a transmission takes only a few seconds.” Palenchar, op. cit., footnote 23.

36Chris Pawlowski and Peter McConnell, “CDPD Air Interface BasibslgphonyDec. 5, 1994.
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typically provide coverage only in metropolitan mats will also become available. The data por-
areas. The relatively small number of potential ustions of these overall standards are being
ers outside those coverage areas, however, makgveloped, but have not yet been finished, and no
mean that this advantage is important only for uscommercial data services are being offered. Cellu-
ers who need very broad coverage, such as truclar digital data applications will be deployed after
ing or package delivery companies. Thethe voice applications, which are already starting
interoperability of CDPD, however, has not yetto appear. In the first implementations of TDMA,
been proven. Only a few carriers have struckor example, existing analog channels continue to
CDPD roaming agreements, and the technicabe set aside for analog and CDPD modem com-
ability to connect different CDPD systems is onlymunications.
now being tested—true nationwide roaming may By contrast, more than two dozen Global Sys-
be years away. tem for Mobile communications (GSM—see
There is still a great deal of uncertainty overchapter 3) systems around the world have already
CDPD’s role in data transmission and how sucbegun to offer data servicéd However, only a
cessful it is likely to be. CDPD standards were setew vendors are making GSM data equipment,
in 1993, but deployment of CDPD capabilities hasand services are usually limited to the home sys-
fallen well behind initial expectations due to tech-tem—roaming is not yet possible due to the lack
nical difficulties. By mid-1995, only 19 systems of roaming agreements for data applications. Indi-
were offering service, and another 22 were planvidual networks also must be upgraded to provide
ning to begin operation by the end of the y&ar. data services. Finally, compared to other wireless
Some analysts see CDPD as little more than an iservices, such as the international affiliates of
terim service that few people or businesses wilRam Mobile, GSM data communications can be
use. Others, including the consortium of cellulammore expensive. Vendors and analysts expect
companies that developed CDPD, believe it is théhese initial problems to be solved quickly as more
answer to publicly accessible wireless data selcSM systems are deployed and more users sub-
vices38 At least one forecast estimates that therscribe.
will be 1.6 million CDPD users by 1998 Given
the slow deployment of CDPD, it is still unclear [ \vireless Computing
e o e The use of il echnlgies by computer s
data applications ers is one of the areas projected for the strongest
' growth over the next several years, and a good
number of companies have targeted mobile or
Digital Cellular Data wireless computing as a potential market for vari-
Once cellular carriers switch to digital formats—ous kinds of wireless information services. This
time division multiple access (TDMA) and code section will concentrate on the use of portable
division multiple access (CDMA)—new data for- computers for general computer tasks—word

37Robin Gareiss, “Wireless Data: More Than Wishful Thinkiridgita Communicationsop. cit., footnote 8.

38Consortium members include: Ameritech Mobile Communications, Inc., Bell Atlantic Mobile Systems, Inc., GTE Mobilenet, Inc., Contel
Cellular, Inc., McCaw Cellular Communications, Inc., Nynex Mobile Communications, Pactel Cellular, and Southwestern Bell Mobile Sys-
tems. CDPD service and product providers have also formed the CDPD Forum, Inc., a trade association composed of more than 80 companies
involved in CDPD that will continue work on stardardization and interoperability.

3%eport by BIS Strategic Decisions, cited in Pat Blake, “Wireless Data: The Silent RevolliglephonyDec. 5, 1994.

40The following material comes from Elke Gronert and Peter Heywood, “GSM: A Wireless Cure for Cross-Border Dat®@tzeBsrh-
munications op. cit., footnote 8.
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processing, file transfer, and remote connection to
computer local area networks (LANS).

Ml iTid

Device Connectivity

At the simplest end, products are being developed
that allow users to link tirelessly with their desk-
top computers while they are near, but not in, their
offices. These products respond to studies of mo-
bility on the job that indicate that most of the time
people are out of their offices, they are still close
by. The machines have varying levels of intelli-
gence and storage built in, but allow users to re-
motely access their desktop computer-to read
electronic mail or use any applications. The sys-
tems require modems at both ends and have a

range of about 500 feet. Remote devices cosfrtable personal computer makers are beginning to
about $1,400, while radio modems for the deskiog e (/e st conmuniators camates
range from $600 to $700. Users will soon be able to wirelessly connect to their office

In addition to these products, infrared technolo-A" o™ aimost any where.
gies-like those used in television remote con-
trols and other consumer electronics devices—arer with infrared, and $50 to $100 for an adapter,
also being developed that would allow portablewith prices expected to fall with increased vol-
computers, printers, and PDAs to communicataume), and potentially ubiquitous-companies
directly with one another. Infrared technology al- from many countries have agreed to an interna-
lows the ad hoc creation of low-speed networkgional standard that will allow products to work
(maximum data rate is currently 115 kbps, butaround the world.Computer hardware and soft-
speeds up to 10 Mbps are being developed)---at ware companies have already begun to build in-
meeting, for example-and direct device-to-de-frared communications capabilities into their
vice communication. Most PDAs, for example, products, and adapters that will connect to exist-
already have infrared technology built in so theying computers, printers, and telephones are ex-
can communicate with each other, and one analygtected to be on the market by mid 1998.the
estimates that 90 percent of all personal computfuture, proponents expect infrared technologies to
ers will have this capability by 1997n the fu-  provide an inexpensive way to provide high-band-
ture, proponents expect many kinds of devices tcy\"dth communications over short distances---
incorporate infrared communications capabili- nother way to access the resources of the NII.
ties, including public phones, computer printers,
cash registers, and fax machines. Wireless Local Area Networks

The advantages to infrared technology is that ittANs connect computers in a small area (in an of-
is inexpensive (around $3 to $5 to equip a computfice, for example) and allow them to share

“Dulaney, op. cit., footnote 1.

“The|nfrared Data Association, which is composed of over 70 companies in the field, announced a set of infrared data standards in early
1994. John Romand|nfrared Boosts theéPersonal Area Network,” CeBIT NewsMar. 21/22, 1994.

“Materials provided in a briefing to the Office of Technology Assessment bynfli#ed Data Association, no date.
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SOURCE: Office of Technology Assessment, 1995.

memory, use a common printer, and exchange
files and electronic mail (see figure 4-4). Wireless
LANSs substitute radio waves for the fiberoptic or
coaxial cables that connect most wire-based
LANs. A computer equipped with a radio modem
links to a central computer, caled a server, which
is also equipped with a modem or modems. Most
wireless LAN radio modems also support direct
device-to-device communication separate from
the server.

Wireless LANs were originally designed to
substitute for wireline LANS; to be used where
wires were either too costly to install or where
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added flexibility (to move computers easily and/
or quickly) was needed. For example, many older
buildings are difficult to wire for computers (or
even phone lines) because of their construction or
the presence of hazardous materials such as asbes-
tos. In these cases, wireless LANS may provide a
cheaper solution. Box 4-4 compares wired and
wireless LANsin school applications.

However, the market for such applications has
not developed as expected. The primary problem,
most analysts agree, is that wireless networks are
significantly slower than wired LANs—1 to 2
Mbps on wireless versus 10 Mbps on most wired
LANSs. Wireless speeds are adequate for some ap-
plications---electronic mail and database queries,
for example-but not for the higher-speed ap-
plications, such as image and graphics transfer,
that are becoming increasingly popular. In addi-
tion, wireless LANs are often more expensive
than their wired counterparts, with wireless mo-
dems costing up to $800 and access point equip-
ment (that allows multiple computers to connect
to the LAN remotely) costing up to $2,500 each.”
As aresult, wireless LANS have not proven popu-
lar smply as a replacement for wireline systems.

Currently, the wireless LAN industry is under-
going a transformation as vendors refine their
products and marketing. Some see the concept of
LAN extension—in-building mobility-or re-
mote access to wired LANS as a more |ucrative
market. In fact, the market for wirelessLANs has
recently begun to improve. Commentersin are-
cent FCC proceeding provided sales figures dem-
onstrating a rapidly expanding market for wireless
LAN equipment—sales of $200 million for 1994
and expected sales as high as $2.5 hillion by
1998.°

“By comparison, wired products cost from $150 to $500 for an adaptor and $500 to $1,500 for a multiple access hub. For a discussion of the

speeds and prices of select systems, see David Newman and Kevin Tony, “Wireless LANs: How Far? How Fast?” Data Communications, op.

cit., footnote 8.

“Federal Communications Commission, Allocation of Spectrum Below 5 GHz Transferred from Federal Use, First Report and Order and
Second Notice of Proposed Rulemaking, ET Docket 94-32, released Feb. 17, 1995, para 33.
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BOX 4-4—School Networking and Wireless Technologies

Schools and school districts nationwide have been struggling for years to upgrade their communica-
tion and computer networks to keep pace with the rest of society. Facing tight budgets, many have
found it difficult to afford the major capital investment of wiring classrooms, installing local area net-
works (LANs), and buying computers, let alone training teachers and administrators on the new
technology. ' Nevertheless, some schools and school districts have made computer networking a prior-
ity.

Although wireless LANs have been considered for many school applications, these systems have
generally not been selected due to some combination of cost, reliability, and data-rate concerns.’As a
result, wireless LANs are generally perceived as a second choice solution that is most appropriate for
buildings that are hard to wire- historic buildings, those with asbestos, and buildings with insufficient
room in the walls or ceilings for additional wiring---or for temporary school-building settings.’

As technology develops, however, wireless LANs may become a more competitive alternative to
traditional wire-based LANSs for school applications. In recent years, for example, wireless LANs have
become more popular for business applications because of their enhanced security, higher throughput,
and more competitive pricing relative to first generation wireless LANs.‘However, as wireless technolo-
gies advance, so too do wire-based technologies. Some believe that 100 megabit/second wire-based
LANs will soon become standard, dwarfing the throughput of even the fastest wireless alternatives.

School officials may wish to complement their existing wire-based LAN with wireless LAN technolo-
gy. Many wireless LANs offer the flexibility to have numerous interconnected computers in a classroom
one day and none the next. In addition, many wireless networks allow students to carry a portable PC
or other device from classroom to classroom without sacrificing connectivity to the network. Other char-
acteristics of wireless networks include: 1) implementation can be gradual (a school can purchase five
transceivers for five computers, and increase the number as slowly or as quickly as demand warrants
and the budget allows); 2) changes to the school are unnecessary (e.g., no asbestos removal or rewir-
ing); and 3) installation takes days or weeks instead of the months required for a wire-based IAN. The
table below provides a rough comparison of three wire-based LAN configurations for schools with three
wireless alternatives. Because the installation cost of any IAN is dependent on the specific needs and
circumstances of each user-which will vary greatly by site-the numbers presented below should only
be considered as a crude illustration of the relative costs and merits of each system.

(continued)

For an in-depth treatment of this subject, see U.S. Congress, Office of Technology Assessment,Teachers and Technology: Mak-
ing the Connection, OTA-EHR-616 (Washington, DC: U.S. Government Printing Office, April 1995.

‘Charles Orocter, Florida Department of Education, Bureau of Educational Technology, personal communication , Mar. 9, 1995.

‘Marty Heavey, Windata, Inc., personal communication, Mar. 28, 1995.

‘Susan D. Carlson, “Wireless LANs Take on New Tasks, ” Business Communications Review, February 1995, PP. 36-41.
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BOX 4-4—School Networking and Wireless Technologies (Cont'd.)

Comparison of Wire-based Local Area Network Costs and Capabilities
With Wireless Alternatives

LAN Speed
Internet Expansion Per Drop
Wire-based LANs Internal _Connection Potential LAN Cost Drops cost
MIT Model
Low cost estimate 10 mbps 56 kbps low $37,100 67 $554
High cost estimate <10 mbps 56 kbps low 102,000 67 1,522
Central Kitsap, WA
Low cost estimate <10mbps 512 kbps high 357,500 350 650
High cost estimate <10 mbps 512 kbps high 412,500 350 750
Acton-Boxborough, MA <10 Mbps 56 kbps medium 25,393 82 310
Wireless Alternatives’
Windata FreePort’
High Mobility <5.7 mbps 56 kbps medium 136,495 67 2,037
Low Mobility <5.7 mbps 56 kbps medium 50,295 67 750
Proxim <1.6 mbps 56 kbps medium 52,385 67 782
Metricom® 10-40 kbps  28.8 kbps high 13,400 67 200

NOTES: LAN Cost represents the one-time cost of installing the network (hardware costs and facility upgrades, including significant
electrical upgrades with the wire-based LANSs), but excludes computers and ongoing costs such as maintenance, usage fees, and
personnel training. The wide discrepancy in the total LAN costs shown here represents different technology choices and also differ-
ent-sized schools. For this reason, a better comparison can be drawn between the per-drop costs for the different LANs.

Per-Drop Cost is the cost of the IAN divided by the potential/intended number of users. This needs some qualifying in the case of
the wireless alternatives because there are no “drops” per se, but rather wireless transceivers.

Expansion Potential refers to the ease (both financial and physical) with which additional users can be added to the various LAN
architectures.

SOURCE: Russell I. Rothstein and Lee McKnight, MIT Research Program on Communications Policy, Technology and Cost Models
of K-72 Schools on the National Information Infrastructure,Feb. 10, 1995; Kent Quirk, Chairman, Citizen’s Technology Advisory Com-
mittee, Acton, MA, personal communication, Mar. 29, 1995; Gordon Mooers, Coordinator Information Systems, Central Kitsap School
District, Silverdale, WA, personal communication, Mar. 29, 1995; George Flammer, Metricom, personal communication, May 4, 1995;
Windata, Inc.; Max Sullivan, Proxim, personal communication, May 16, 1995.

‘The Windata and the Proxim systems are intended to complement an existing wireline AN, thus, in addition to the wireless LAN
components, a minimal wireline infrastructure is required, including a server ($4,000) and cabling to each wireless node ($520), These

cost figures are taken from the MIT model and the Acton-Boxborough model, respectively.
‘The Windata FreePort transceivers (the transmitters that provide communication from the PC to the rest Of the wireless LANGanN

support up to eight PCS. In the low mobility model, it is assumed that every computer will share the transceiver with seven others, thus
reducing the amount of mobility realized for each user, and also reducing the cost dramatically. In the high mobility model, each com-
puter has its own transceiver, thus increasing each user’s mobility and the cost. We assume a total of four wireless hubs, at a cost of

$7,450 per hub. Schools may require fewer, for example if all users are on one floor, then only one hub is needed.
"The Metricom Ricochet Network uses pole-top radios to relay wireless data from sender to receiver. These radios, which cost

about $700 each, are owned and maintained by Metricom. Therefore, the only cost to the school is the $200 for the Metricom modem
for each computer,

SOURCE: Office of Technology Assessment, 1995.
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Several different kinds of wireless LANs are Licensed
used today, which can be divided into three cateA few companies have experimented with li-

gories: infrared, narrowband, and unlicensed:ensed spectrum to provide wireless LAN ser-
spread spectrudf vices. Motorola’s Altair, for example, first

introduced in 1992, operates at frequencies in the
18 GHz range and offers throughput at about 5.7

Infrared o . Mbps. One problem with licensed systems is that
LANSs using infrared signals are capable of transfhey are limited in the amount of spectrum they

mitting data in fixed or portable LAN applica- ;5 se—only five channels in a 35-mile diameter
tions, although true mobility is hard to achieve.graq__and licensing is requird®In the case of
Infrared systems transmit information using bothaair, Motorola controls the licenses. To avoid li-
lasers (generally for point-to-point) and light- censing and coordination problems and delays,

emitting diodes (LEDs—primarily forindoor$].  mgst vendors have developed wireless LANS us-
These systems can operate at speeds of up to { unlicensed frequencies.

Mbps, although throughput is much lower, and
range is limited (60 to 150 feet). The technology,jicensed (Spread Spectrum)

works best with a direct line of sight betweenyyjreless LANS operate in the 900 MHz, 2.4 GHz,
sender and receiver, but can also work by reflectyng 5.7 GHz bands (see discussion below on unli-
ing the signal off walls and ceilings—although notcensed data services). They offer speeds up to 5.3
very well. Infrared signals, however, will not passMbps, although actual throughput is usually 1 to
through walls or office partitions, Ilmltlng its use- 2 Mbps49 They use either direct sequence or fre-
fulness for larger scale applications. Infrared dat@]uency-hopping, spread spectrum transmission
systems do not require licensing by the FCC angechniques (see appendix A). A number of wire-
can be relatively inexpensive because they takess LAN products operate in the unlicensed
advantage of production economies for other conbands, and the IEEE is currently developing in-
sumer electronic uses. The Institute of Electricatlustry standards for LANs as well as standards
and Electronics Engineers (IEEE) is now developthat will allow users’ computers to communicate
ing standards for infrared LANS. with each other directly—“ad hoc” or “peer-to-

48For further discussion of these systems, see Datacomm Research, op. cit., footnote 3.

4TThese systems currently do not work like most other radio systems—by modulating a radio wave. Instead, they simply turn the LED or
laser on/off at high speeds to send digital streams of information—in the same fashion as digital fiber optic technology. Some companies, how-
ever, have begun to develop amplitude and frequency modulated systems. These systems could reduce interference and increase the range of

infrared systems. High costs make the timeline for deploying such systems uncertain.

483eybold, op. cit., footnote 13.

49Nathan Silberman, presentation to OTA staff, Sept. 16, 1994. Because these bands have been designated for “unlicensed” use by the FCC,
neither manufacturers nor end users have to obtain a radio license from the FCC. The manufacturer is responsible only for ensuring that the

product conforms to FCC technical rules and regulations, to prevent interference to other products.
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peer” networking?® Development of products for above), cordless phones, wireless audio speakers,
the 2.4 GHz band has reportedly accelerated in ammome security systems, and some medical moni-
ticipation of the IEEE standard for wireless LANs, toring devices. In addition to these services, which
the increasing congestion (see below) of the 902re mostly self-contained or private, developers
to 928 MHz band, and the greater amount of bandare also looking at the bands to provide more pub-
width available compared to the 900 MHz band.lic services similar to those that now require a li-
cense—advanced paging and two-way messaging,
[1Unlicensed Data Services for example—in order to avoid the expense (poss-
One of the most rapidly developing and hotly condPly exacerbated by auctions) and time (months or
tested areas of wireless data involves the use ¥£ars) required to obtain a license. Zenith, for ex-
spectrum that does not require the user to be [RMPle, recently announced CruisePad, essentially
censec! In 1985, the FCC opened up three band@ Portable computer with a range of communica-
for unlicensed uses (data and other types of coniion options, including remote LAN access oper-
munications) based on a set of regu|ati0ns déitlng in the 2.4 GHz band. Metricom uses a series
signed to minimize interference and encourage thef small (toaster-size) radios mounted on tele-
development of new servicé3.Since then 130 Phone or utility poles to create a microcellular,
companies have developed more than 200 systesh network that provides metropolitan area
tems and products for use in these bands—the 9@®Vverage, and allows computers with appropriate

MHz band being the most popular—and moremodems to communicate with remote servers,
than 3 million devices are now in use by consumsend and receive e-mail, or access the Intéfriet.

ers and businesses. serves utility monitoring, credit card verification,

Unlicensed systems and devices are widelynd personal communications functions.
known asPart 15 services because they operate In the past two years, the FCC has taken three
according to Part 15 of the FCC's rules. Some o#ctions to allocate more spectrum for unlicensed
the services that operate under Part 15 include: auses. First, as part of its broadband PCS proceed-
tomated utility readers, wireless LANs (seeing, the FCC allocated the 1910-1930 MHz band

50The current standard for wireless LANs is 802.11, which specifies 1 Mbps or 2 Mbps. The European Telecommunications Standards Insti-
tute (ETSI) is developing a wireless LAN standard (expected to be completed in 1995) called Hiperlan that many in the United States feel is
superior to the U.S. 802.11 standard. It allows wireless LANSs to operate at speeds up to 22 Mbps over a range of 50 meters, and is capable of
transmitting voice, data, and video in a user-to-user or broadcast mode. It does not require a license to operate. Hiperlan, however, is likely to be
expensive and quite power-hungry, making portable applications difficult initially. To support these applications, and minimize interference,
European countries have allocated a total of 350 MHz of frequencies at 5.2 and 17.1 GHz that will be dedicated to wireless LANs. Japan has also
established two standards for wireless LANs, one operating at speeds less than 2 Mbps in the 2.4 GHz band, and the other supporting higher
(greater than 10 Mbps) speeds operating near 18 GHz.

5ln this case, unlicensed refers to the fact that neither the service provider, equipment manufacturer, nor the user must have alicense. Cellu-
lar phone service, for example, is considered a licensed service because even though end-users do not need to be licensed, the company provid-
ing service does.

52The bands are 902 to 928 MHz, 2400 to 2483.5 MHz, and 5.725 to 5.875 GHz. See generally 47 CFR 15.247.

53¥Review Could Lead to Auctions for Licenses in 902-928 MHz Barlds;il Mobile Radio Newsol. 48, No. 49, Dec. 16, 1994.

54The system operates in the 902 to 928 MHz band at 100 kbps total for each radio, which can be shared by several users. Shared use, how-

ever, brings down the bit rate available for each user. The system provides connection to the public telephone network, but does not allow hand-
offs; therefore it supports portable, but not fully mobile, communications. Metricom presentation to OTA staff, Sept. 14, 1994.
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to unlicensed PCS—for both fixed and “nomadic”cess to the information infrastructure offered by
uses?® This allocation was designed to support aunlicensed PCS devices will provide benefits, not
range of new data services centering around portanly to commercial users, but also to individuals
ble phones and computers, including wirelessind private users This allocation will be avail-
LANs. To reduce the potential of interferenceable immediately for use by unlicensed wireless
among users, the FCC adopted a “spectrum et@ata devices.

guette” that defines the technical rules that unli- Finally, the FCC recently opened a proceeding
censed PCS devices must meet to operate in tligto the possible uses of various frequency bands
band. Systems cannot begin operating until th@bove 40 GHz by unlicensed (and licensed) ser-
existing users of the band are moved, although exices® These frequencies would allow high-
Ceptions will be permitted in areas where the un|ibandWidth communications to be transmitted, but

censed PCS system or devices can be coordinat@gly over very short distances (several miles at
with existing microwave system operators. It ismost). The FCC believes that data rates t_)etween
not known how long the spectrum will take to 20 Mbpsand 5,000 Mbps or more are possible, en-
clear or when such systems and devices will begifiP!ing systems to deliver extremely high-band-
operation. For these reasons, this band is seen ¥{jdth services —including high-speed data,
industry as inadequate to meet short-term need4!'9h-resolution video and image transfer, and ve-
Second, in February 1995, fulfilling an earlier icle rr_sldar systems. The possible uses of these fre-
pledge to find more spectrum for unlicensed use JUencies to prowde_NII_access fqr consumers and
the FCC reallocated 50 MHz of spectrum trans- gckbone comr_nL_mlcatlons SEervices for NIl pro-
ferred from government uses by the National Tele\-”ders was explicitly recognized by the FCC.
communications and Information Administration . )
(NTIA).56 Of that amount, 10 MHz is designated [l Satellite Data Systems and Services
specifically for use by unlicensed radio servicesAll the of the systems previously described use
such as portable computers and wireless netand-based towers to transmit information. Some
works, and will be governed by Part 15 rules andystems—paging networks, for example—use
the rules that govern data PCS applications. Pasatellites to connect local systems to form regional
15 users were allowed to continue to operate ior national coverage areas. Satellites, however,
another 15 MHz of the band already used for digihave also been used by themselves for many years
tal cordless telephones, wireless LANs, and into transmit data and other types of information,
ventory control systems. The FCC specificallyprimarily to fixed locations. The primary advan-
indicated the benefits of this allocation for servingtage of satellites is their ubiquitous coverage—the
the needs of the NII: “The potential for open ac-beam of one satellite can cover the whole United

550f these frequencies, the bottom 10 MHz are reservetbtarPCS Material in this paragraph comes from Federal Communications
CommissionAmendment of the Commission’s Rules to Establish New Personal Communications, S&xiceandum Opinion and Order,
GEN Docket 90-314, RM-7140, 7175, and 7618, released June 13, 1994; Federal Communications CoArmeselorent of the Commis-
sion’s Rules to Establish New Personal Communications Ser@ieesnd Report and Order, GEN Docket 90-314, RM-7140, 7175, and 7618,
released Oct. 22, 1993.

S6specifically, the bands allocated were 2390 to 2400 MHz, 2402 to 2417 MHz, and 4660 to 4685 MHz. These bands were the first trans-
ferred as part of a more general reallocation of government spectrum to private sector use mandated by the Omnibus Budget Reconciliation Act
of 1993, Public Law No. 103-66, Aug. 10, 1993.

S7Federal Communications Commission, op. cit., footnote 45.

58A\| information in this paragraph comes from Federal Communications Commigsiemdment of Parts 2 and 15 of the Commission’s
Rules to Permit Use of Radio Frequencies Above 40 GHz for New Radio Applicafidbecket 94-124, released Nov. 8, 1994.



States. This easy national coverage also makes
satellites uniquely suited to transmitting informa-
tion to many sites that are far apart, and for trans-
mitting to extremely remote areas that wire-based
or terrestrial radio services cannot reach.

Several companies are now developing prod-
ucts and services that will take advantage of satel-
lites” unique capabilities. Some of these systems
are designed primarily to serve mobile users,
while others will concentrate on fixed uses. In
general, these systems can be divided into two
types. geosynchronous and low-Earth orbiting
(LEO).

Geosynchronous Satellites

Geosynchronous satellites orbit the Earth 22,300
miles directly above the equator. At this height
and location, satellites move at the same speed the
Earth isrotating. Thus, the satellite appearsto be
stationary in the sky. This is what enables geo-
synchronous satellite communications to work—
they are always able to communicate with the
satellite receivers on the ground.

Today, an increasing number of satellite data
transmission systems use very small aperture ter-
minals (VSATS). VSATSs, introduced in the early
1980s, are small satellite dishes (approximately
1.8 metersin diameter) that are connected in a net-
work through a central hub, which broadcasts in-
formation to the VSATSs in the network and can
connect individual VSATS directly (see figure
4-5). VSATs are capable of two-way voice, data,
and video communication, but are usualy used to
send data to and from far-flung company loca
tions. Networks of VSATs are commonly used to
connect car dealerships, gas stations, and grocery
stores, for example. Such a system enables a com-
pany headquarters to keep daily track of inventory
and speed up shipments and deliveries. An in-
creasing number of VSATSs are being used to de-
liver video (live and recorded) training materials
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FIGURE 4-5: Generic VSAT Network

SOURCE: Office of Technology Assessment, 1995

to remote sites, and to connect company LANSs at
different sites.”

Using geosynchronous satellites, several com-
panies are planning new services that will deliver
data to businesses and consumers. Hughes Com-
munications has announced plans to construct a
bandwidth-on-demand system, Spaceway, that
would provide a range of communication services
to end-users (see chapter 5). Hughes Network
Systems plans to launch a service that would al-
low users to download large files, software, or
images from the Internet. The system is expected
to operate at speeds up to 400 kbps, use a 24-inch
satellite receive dish, and cost $16 per month plus
a $1,495 setup fee.”

In addition to these primarily fixed-location
systems, satellites also promise to make mobile
data more ubiquitous. Inmarsat currently offers
service to small satellite terminals that can be
packed in a suitcase, enabling them to be carried to
any location. Such services are designed to

“Over 6,000 VSATs are now being used to connect LANSs. Dennis Contt, “ ANs & VSATs,” Satellite Communications, August 1994

“"Hughes Network To Offer Data Retrieval Via Satellite,” The Internet Letter, vol. 2, No. 4, Jan. 1, 1995.
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Low-Earth Orbiting Satellites (LEOSs)

In addition to the geosynchronous satellite sys-
tems, several companies plan to use satellites or-
biting the Earth at lower altitudes to deliver data
services. There are three types of LEO services.
The “big” LEOs (discussed in chapter 3) will fo-
cus primarily on voice services, but will also offer
data services with capabilities similar to those of-
fered by terrestrial PCS and cellular companies.
Such systems will greatly exceed the coverage of-
fered by terrestrial systems such as cellular or
Ram/Ardis.

A second type of LEO satellite system has been
proposed that would provide a wide range of ser-
vices-bandwidth on demand-including voice
and video telephony, interactive multimedia, as
well as high-speed data communications. The
Teledesic system, for example, will focus on pro-
viding high-bandwidth interactive applications to
fixed locations in the United States, and to both
mobile and freed users abroad (see chapter 5 for
more discussion of these multipurpose systems).

Hand-held terminals will enable consumers and business A third gl’OUp of Companles IS developmg SO-
users to send and receive short messages around the world called “little” LEO satellite Systems that will pro-
and to determine their location anywhere on Earth within 100 . L

meters. vide ubiquitous (and eventually global) data-only

messaging, tracking, and monitoring services to

support remote research locations and providéndlwduals and busmess%ihe first appllqatlon
communications in times of disaster or emergen{or @ LEO system was filed at the FCC in 1988,
cy. Commercial satellite mobile data servicesand currently eight companies have proposed to
however, are very limited; only a few companiesfaunch litle LEO system8To date, only one of
offer services, and these are primarily aimed athese, Orbcomm, has received an FCC license to
fleet management operations-messaging t&unch and begin offering service. It launched the
truck drivers. In the future, however, new satellite first two of 48 satellites in March 1995. VITA now
systems promise to provide a full range of mobileéxpects to launch in June 1995, with service be-
data applications. ginning by the end of the year.

“The term "little" referes to the fact that all little LEo systems will use frequencies below 1 GHz, and that the service will be non-voice. The

satellites used for little LEO systems are also physically smaller than those used for "big" LEO operations (see below). The FCC refers to this
class of satellite services amn-voice, non-geostationaryNVNG).
“The eight are CTA Commercialystems, Inc., E-Sat,Final Analysis Comriaation Services, Inc., GE AmericarCommunications, Inc.,
LEO One, Orbital Communi cations Corgdocomm), Starsys, and Volunteers in Technical Assistance (VITA), “Four New Applicants Join
Leo One in Reposing ‘little LEO’ Systems for Second Processing Roufidiécommunications Reports,Nov.28, 1994,
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BOX 4-5: Global Positioning System (GPS)

Initiated as a test program by the Department of Defense in the early 1970s, the Global Positioning
System (GPS) has provided position location service for military and civilian applications since 1992,
The system uses 24 satellites that orbit the Earth at an altitude of 10,900 nautical miles, Portable or
vehicle-mounted GPS devices receive signals from the satellites and calculate the user’s position to
within 100 yards for civilian purposes and even closer for the military." GPS operates 24 hours a day,
can serve an unlimited number of users, and operates in all weather conditions.”The system may
eventually replace many ground-based navigation systems, such as the current U.S. air traffic control
system, helping to expand the capacity and improve the safety of the aviation system in the United
States and the world.’Civilian GPS products are already used by boaters and trucking companies.

In the future, GPS services will form an integral part of many intelligent transportation system ser-
vices, such as map and navigation programs for cars and portable computers. Many of the proposed
satellite communication systems, including some of the Low-Earth Orbiting (LEO) satellite proposals and
American Mobile Satellite Corp., plan to integrate the GPS location services into their service offerings.

SOURCE: Office of Technology Assessment, 1995.

'For security reasons, the Defense Department scrambles the civilian GPS signal to limit its accuracy to approximately 100 yards.
’Keith D. McDonald, “Course 101: Fundamentals of GPS, " presented at the Loews L’enfant Plaza Hotel, sponsored by Navtech

Seminars, Inc., Washington, DC, July 11, 1994.
°U.S. Congress, Office of Technology Assessment, Federal Research and Technology for Aviation, OTA-ETI-610 (Washington,

DC: U.S. Government Printing Office, September, 1994).

The little LEOs companies plan to offer ubiqui-
tous, two-way messaging and data services, for ei-
ther fixed or mobile users, potentially on a global
basis.” Initially, service providers plan to target
the transportation industry and remote monitoring
applications (oil or gas pipelines or wells, for
instance). In the longer term, proponents also per-
ceive amarket for emergency and personal com-
munications; law enforcement, such as stolen
vehicle location; environmental monitoring; fleet
and cargo management for marine shipping com-
panies and trucking companies; and other similar
services. Most little LEOs will also couple data

offerings with position location service, using the
Globa Positioning System (see box 4-5). To serve
diverse customer needs, little LEO providers are
designing a variety of consumer equipment ex-
pected to cost between $100 and $400. Message
delivery is expected to cost about $0.25 per mes-
sage.”

Although technical differences exist between
the proposed little LEO systems, it is possible to
describe a generic little LEO system (see figure
4-6)." Each system will consist of between 25
and 50 satellites in low-Earth orbit, about 1,000
kilometers above the Earth’s surface. Each system

“VITA, for example, plansto offer email and short file transfers between remote sites. Orbcomm, however, while offering services in a

number of countries, will not transmit between countries. In addition, each little LEO system will have to obtain a license to provide service in
every country in which it plans to operate. Negotiating these contracts could slow the deployment of worldwide services.
*"Orbcomm Gets First ‘little LEO’ License for Satellite Data Service,” Telecommunications Reports International, Oct. 28, 1994.

“The exception is the VITA system, which will use only two satellites in fixed orbits serving about 1,000 stationary ground regional gate-

ways. The system will be managed by a single control center near Washington, DC.
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L= T e data applications and services remains relatively
-__i -Il e Iqw. In many ways, the use of W|rele§s technolo_—
. gies to serve mobile/portable computing needs is
E i e - -
R ARILEA S S, _ a microcosm of the larger world of wireless com-
m 1, munications. A wide range of technologies is be-
i . .
I AEYS & 1 ing developed and deployed to meet the perceived
I AT | OE. 1 i __traditi i
—¥ — B W needs of wireless data users—traditional paging,
ERETTS || W . satellite, and cellular, as well as PCS, LEOs, and
_hm j public and private wireless data networks. But ap-
__—‘ plications vary in their technical characteristics
I T T s (SPeed, throughput, etc.), ease of use, and capabil-
% ities, and it is still unclear which models of wire-
I (ess data will be successful and when. For
equipment vendors, this makes it difficult to de-
_ cide what systems and services to include with
I . s (heir hardware, and for users, it may be difficult to
% determine which product/service(s) best meet
I (Ncir  needS. Several issues will have to be ad-
(o ssed before mobile data reaches the levels
. :ny cnalysts have predicted.
The U.S. Global Positioning System uses a network of satel- .
lites that allows users (in aircraft, on ships, in vehicles, or DTeChmcal |SsueS
equipped with hand-held devices) to determine their location . . .
almost anywhere on Earth. Fundamentally, using radio waves to send in-

formation is more difficult than using a wire be-
will also consist of at least one terrestrial controlcause the environment-the atmosphere-is
center, and sometimes secondary and tertiafifych harsher. Noise, interference, and attenua-
“gateways” that will serve as the relay and controkion are much harder to anticipate and overcome
pOInt between the customer units, the SatelhteSi,n the open air than in the more protected environ-
and pUb'IC and private communications netWOI'kS,ment of an insulated wire. To overcome these
including the Internet. problems, radio engineers are working on a vari-
Depending on complexity, the systems are exwty of improvements to radio technology, includ-

pected to cost between $100 and $200 millionng petter data compression, higher capacity
each, with the exception of the VITA system,transmission and spectrum-sharing methods, im-
which will be significantly less expensive since it nroyed error correction, and greater resistance to
will use only two satelliteS. natural and man-made interference.

Despite the great strides made in the use of ra-
ISSUES AND  IMPLICATIONS dio for sending information, the wireless data in-
Mobile data applications are quite promising anddustry must still overcome several technical
the industry has much potential. However, despit@bstacles before wireless data applications be-
predictions for explosive growth, use of mobile come more widespread: 1) the speed and capacity

“All little LEG systems will use spectrutbelow 1 GHz.

“U.S. Congress, Office of Technologyssessment,The 1992 World Administrative Radio Conference: Technology and Policy Implica-
tions,OTA-TCI-549 (Washindt6ny.S. Govemment Printing Office, May 1993).
*Seybold, op. cit,, footnote 13.
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of the radio link, 2) its susceptibility to environ- Speed is limited

mental interference and signal loss, 3) interfer-The most serious drawback to wireless data ap-
ence from electronic devices and other radiglications today is the limited speeds at which
services, and 4) interoperability problems withthey operate. Winless LANs generally operate at
other wireless systems and wireline systems. Bebetween 1 and 2 Mbps, compared with 10 Mbps
cause of these factors, current wireless data comen most wired LANS. Most commercial two-way
munication technologies generally cannot offerwireless data services (packet radio, circuit-
the same level of performance (measured bywitched cellular) now achieve effective through-
speed, reliability, and/or capacity) as wirelineput of 300 to 4,800 bps, compared to wireline
technology, although some individual wireless modem speeds up to 28,800 bps. Commercial pro-

systems may offer comparable service. viders are working to upgrade speeds to 19,200
bps, and CDPD will operate at similar speeds, but
Spectrum Limitations these technologies are not yet widely deployed,

Many of the problems confronting the wirelessand actual throughput is likely to be lower.

data industry come down to a limited number of In part, slow speeds area function of technolo-

radio frequencies on which to operate systemsdy, and in part they are due to the limited band-
Limited spectrum constrains the numbers of user@idth that is currently available for wireless data

who can use or offer a service, limits the speed a@pplications. Radio waves are limited in the
which information can be sent, and often createsmount of information they can carry-often

interference problems between users when thegneasured in the number of digital bits per Hertz
have to share the same frequencies-furtherlimittransmitted. Current systems can transmit about 1
ing performance and capacity. In recent years, ther 2 bits/Hertz, but researchers are working to ex-
FCC has allocated more spectrum to wireless datpand this to 6 or even 10. Digital compression and
services, and more is being considered. transmission technologies will help increase the
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carrying capacity of radio waves, but physicalvariety of systems and radio devices. Data sys-
limitations may continue to limit high speeds. Astems in the 902 to 928 MHz band must share the
a result, adequate spectrum allocations are critspectrum with a number of other users—most of
cal—more spectrum is required to transmit morevhom have priority. In the past several years, a
information. Recent frequency allocations madewumber of companies have flocked to the unli-
by the FCC in the 2390 to 2400 MHz band and:ensed bands to develop various data transmission
proposed in bands above 40 GHz have the potetgchnologies. The band has been a boon to design-
tial for offering much higher bandwidths and ers of new services, just as the FCC intended.
speeds, perhaps allowing some wireless applica- Unfortunately, the low status of the unlicensed
tions to match wireline performance. Speed probdata users in the band has become problematic.
lems are also a matter of perception; customer8€everal companies providing Automatic Vehicle
used to high speeds on wired LANSs are likely to bé/lonitoring (AVM) services sought FCC author-
frustrated with the slow speeds available oveity to expand their operations and give them ex-

wireless. clusive use of a major portion of the spectrum. The
unlicensed data community fought this proposal,
Interference believing that it would essentially put them out of

Another consequence of limited spectrum is thdusiness. The FCC recently set regulations for
increasing likelihood of interference between dif-AYM service and granted some new spectrum, but
ferent kinds of radio services sharing a band of frealso_established protections for unlicensed us-
guencies, as well as between different system@rs®® A number of parties have filed petitions
providing the same service. For example, manuwith the FCC to reconsider parts of its ruling, and
facturers of medical telemetry devices—such ad is still unclear how the issue will finally be re-
electrocardiogram monitors—have asked thesolved.
FCC to allow them to expand their operations and In addition to interference between different ra-
increase their power on vacant VHF and UHFdio services sharing the same range of frequen-
television channels in order to overcome severeies, there is concern that portable computing or
congestion and interference from other radio usether devices may interfere with or be affected by
ers. Sometimes interference is only a minor aninterference with the radio links. Electrical de-
noyance—static or voices on your cordless phonejices, like computers, often leak spurious radio
for example—but at other times, interference carenergy produced as a by-product of their normal
be severe enough to prevent transmissions fromperation. This interference can affect nearby ra-
being received at all. For data communication sysdio devices, including a radio modem/transmitter
tems, which are sensitive to interference andonnected to (or inside of) the computer itself,
which depend on reliable transmissions to comeausing serious performance problems for the ra-
municate information accurately, interference indio device. Adequate shielding or redesigning the
the wireless environment can be a significantomputer’s internal layout can solve the problem.
issue. Radio signals can also interfere with computers
Interference problems are experienced by mangnd other electronic devices. Because several
wireless data systems, but they are currently acuteanges of frequencies are used for wireless data
in the unlicensed bands, which are home to a widapplications, computers must be designed to limit

69Federal Communications Commissiédmendment of Part 90 of the Commission’s Rules to Adopt Regulations for Automatic Vehicle
Monitoring SystemsReport and Order, PR Docket 93-61, released Feb. 6, 1995.
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the effects of unwanted radio energy and shieldeds aresult, there are few off-the-shelf applications
from devices using these frequenci@There is, designed for use with wireless data systems. Most
as yet, no group or process in place to determinewireless data applications have been one-of-a-
a portable computer is properly protected (“radickind, written for a particular job by companies that
ready”). Chapter 12 discusses interference issuesan afford to do their software development in-

in greater detail. house. However, even these companies are con-
cerned about the lack of standards because they
Lack of Interoperability will have to rewrite their software to change pro-

One of the most serious problems facing wirelessiders.
data users is the lack of interoperability—both be- In addition to the problems of incompatible
tween different wireless systems and betweewireless systems, one of the most serious con-
wireless systems and different wireline networkscerns facing wireless data users is the transfer of
Connecting users on different wireless networks$nformation—interoperability—between  wire-
and integrating an individual company’s use ofless and wireline networks. Standard interfaces do
multiple wireless networks has been extremelynot yet exist for sending data between cellular and
difficult. Different companies have developed alntegrated Services Digital Network and other
variety of proprietary, incompatible wireless datapublic switched telephone network (PSTN) ser-
technologies, such as those for the Ram and Ardidces, for example. Speed is an important part of
networks and CDPD, standards are almost nonexhe problem. Wireless networks, because of spec-
istent, and applications work differently on differ- trum limitations and the current state-of-the-art
ent systems (see below). Different wireless LANtechnology, cannot operate at the speeds now
manufacturers, for example, make equipment thafommon in wireline applications.
is not compatible. And while the personal com- A similar incompatibility problem exists with
puter (PC) cards discussed in box 4-3 are starapplications software designed to work on wire-
dardized, there are reportedly so many differenline and wireless networks. Most existing com-
implementations of the standard that true interputer/data applications were written based on the
changeability is not possible—a user cannot negarameters and characteristics of wire-based sys-
essarily switch cards between differenttems, and developers have years of experience in
machines’l Overall, the use of radio-based writing software that uses wireline protocols. This
technologies to support mobile data needs is oftesoftware, however, often does not work well when
slow and tricky—users must be willing to endureused over a wireless network. Software develop-
complicated connections and poor quality to gairers are now modifying some of their products to
the advantage of mobility and portability. work in a wireless environment; this would reduce
The main problem with multiple technologies the cost of developing and adopting wireless data
is that they complicate the development of apservices. However, this process is difficult for de-
plications software—word processing, electronicvelopers, who have to learn specialized protocols
mail, and spread sheets, for example. Software d&i order to develop wireless data applications. Itis
velopers do not want to incur the additional cost ofilso unclear how extensive or difficult it is to rede-
writing a different version of their program for sign such programs, and how many applications
each type of wireless data system, especiallyill have to be retrofitted to work well in a wire-
when, as is the case today, the markets are smdkss setting.

70Data services are, or will be, offered on cellular frequencies, SMR systems, paging systems, PCS (licensed and unlicensed) frequencies,
several satellite frequency bands, and general unlicensed (e.g., 902 to 928 MHz) frequencies. See Seybold, op. cit., footnote 13.

71Strom, op. cit., footnote 2.
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Another solution is to develop a common inter-  prietary application program interfaces (APIs)
face for the software that could work in either a to connect to network applications and ser-
wireline or wireless environment. This would al-  vices
low users to move between wireless and wireline It is possible that not all of today’s wireless data
networks more easily. For example, the same softervices will survive in the marketplace. Software
ware could be used to access office computerdevelopers may write applications for some ser-
from home via wireline and from the road viavices, but not for others. Users would then tend to
wireless. choose the wireless data service for which there is

Yet another solution to the problem of incom-the widest choice of applications, enlarging that
patible systems and standards is technologicaservice’s market share further and encouraging de-
More than a dozen companies are developingelopers to write more software. Over time, the
“middleware,” an extra layer of software that market may converge on only one or two of the
translates information from the general applicasystems available today. This is similar to person-
tion into the specialized wireless data protd@ol. al computer operating systems, where a single op-
Middleware saves developers from having toerating system—DOS—came to dominate the
learn the details of wireless data protocols: theynarket.
write their applications to work with the middle-  The wireless data industry is at an early stage in
ware, which then handles the details of sendin@ts development, and users and developers are
the data over any of a number of wireless netenly beginning to sort out the options. As various
works. Middleware can also mask the differencesegments of the industry mature, better technolo-
in wireless data systems because it is usually ablgy and increasing standardization is expected to
to translate into several different wireless dataalleviate many of the interconnection and inter-
protocols. For example, middleware allows a useoperability problems that are now common. The
on the Ram network to communicate with a usespeed with which this transition will take place,
on the Ardis network. Once an application hashowever, is still uncertain—most analysts believe
been written to work with the middleware, theit will take at least 3 to 5 years.
user could switch to a different wireless data pro-
vider without having to make extensive modifica- ] Demand Issues and Applications
tions. _In many cases, mlddleware_ mimics the Development
behavior of a wireline network, allowing the large
number of applications written for the wireline en-
vironment to be used over a wireless netwGrk.
Even middleware suffers from interoperability
problems, however;

Mobile computing is a reality and will become a
more dominant part of computing later in the
decade. Vendors are investing billions of dollars
into the creation of new types of devices, new
communications links and new software ap-

Applications written to one vendor’s middle- plications. There is a real danger that all this
ware package don't necessarily work with midd- technology will be developed and made avail-
leware from a different vendor. The main reason able without the existence of any real demand.
for this interoperability gap is that most makers Vendors must understand the segmentation of
of wireless middleware products now use pro- the mobile market to build the right products.

72For additional discussion of middleware, see Johna Till Johnson, “Middleware Makes Wireless WAN DetgiCbmmunicationsp.
cit. footnote 8.

730ne example is thafinsockinterface. See Mobeen Khan and John Kilpatrick, “MOBITEX and Mobile Data Stand&fE, Commu-
nications,vol. 33, No. 3, March 1995, p. 96.

74Johna Till Johnson, “The Wireless API Standards Wathta Communicationgp. cit., footnote 8, p. 72.
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Users have to understand the benefits, as wellas ~ As a result, the market for wireless data ser-
the pitfalls, of mobile computing to get excited  vices is becoming increasingly crowded, but
about using if> many analysts question whether the market can
A substantial problem that has not yet beersupport all the different levels and kinds of com-
solved is how to move mobile data services morgetition. Traditional paging companies face com-
into the business and consumer mainstream. Tetition from new PCS providers, as well as
develop applications for today’s wireless data uspotential competition from little LEO systems.
ers: first, needs are identified; then, technology iThe original two-way data service providers, Ram
produced or adapted to fit needs; and finally, piloand Ardis, will face increased competition from
tests are conducted. Due to the nascent stage 0DPD, narrowband PCS, and perhaps a range of
technology and applications, customization issatellite services. Some of these systems will pro-
usually the first step. As a result, horizontal marvide competing services for some applications,
kets for mobile data applications may be difficultbut may also offer different combinations and lev-
to develop because of the specific nature of thels of service. Some analysts believe that the sys-
tasks vertical solutions are designed to serve. tems currently serving vertical markets are
Once concepts, products, and services havignlikely to be able to broaden their customer base
been validated across a number of business apignificantly. Ardis and Ram, for example, may be
plications, a broadening of software can be exconfined to vertical markets, while cellular data
pected. This is, in fact, what companies like Ardisservices will become the technology of choice for
and Ram are attempting to do—move from vertimost business/mobile professional users due to
cal to horizontal markets. Over the next few yearsihe integration of cellular systems with the public
more general wireless data products and serviceglephone networkd
are expected to come on the market. Developers A final part of the problem of broadening the
are already writing more software and applicayse of wireless data involves users themselves.
tions for the mobile environmef,and the ex- Many businesses and consumers are less aware of
pected explosion of mobile data users haghe uses and benefits of mobile data than they are
prompted a flurry of alliances between softwarepf g cellular phone or even a wireless LAN. As a
developers and wireless data companies. Microesylt, demand has been unfocused, and applica-
soft and Mtel, for example, have teamed up to oftjons developers have not had a clear direction to
fer services on Mtel's Nationwide Wireless pyrsye. “If you think in terms of mobile data . . .
Network (NWN). GTE and IBM recently an- jts far less obvious what the benefits of using mo-

nounced an agreement to allow GTE cellular cuspjje data are. It's a matter of education and aware-
tomers to access IBM’'s data network. Analysts,egs. 79

point to the availability of good applications as the
key to the future growth of the markét.

7SDulaney, op. cit., footnote 1.
76sysan D. Carlson and Craig J. Mathias, “Big Guns Target Mobile MiddlevBusifiess Communications Revidlevember 1994.

77Some analysts point to the development of mobile data in the United Kingdom as an example of the importance of developing good ap-
plications the market wants. There, five licenses were made available, and four were actually developed. Of these, the most successful, Cognito,
has only 4,000 subscribers (compared to 3 million cellular users). Pat Blake, “Wireless Data: The Silent ReVelepbofiyDec. 5, 1994.

78|pid.

9bid., p. 32.
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In particular, the needs of residential consumypays any air time charges for calls to the user—the
ers for such business-oriented services are likelyser or the caller—uwill continue to be studied.
to remain unclear for several more years. Most of
the applications discussed in this chapter are degverage
signed to meet business needs. The benefits for innother important issue for users is coverage—
dividuals in their personal lives remain highly «where can | use it?” Users want ubiquitous cover-
speculative. “Educating” mass market consumergge within the area in which they travel. This geo-
about the benefits of new wireless data technolographical range varies by user. Some businesses,
gies has begun (e.g., Motorola pager televisiogych as real estate companies, need primarily lo-
advertisements), but will continue to be one of thgg|/metropolitan coverage. Salespeople may need
industry’s more difficult challenges. With the pro- 5 |arger coverage area—statewide or even multi-
liferation of portable computers and PDASs, thisstate regional coverage. Traveling executives may
awareness is expected to grow, user needs shoylded an even wider coverage area—national or
become clearer, and the use of wireless data s&fyen global in scope. Different technologies can

vices should grow. provide different levels of coverage. Paging net-
works are generally local/regional in scope, but,
Prices using satellite technology to connect local trans-

One of the key issues of demand for wireless dataitters, some systems can offer nationwide or
solutions is cost. The price of wireless data equipdlobal coverage. Cellular circuit-switched or
ment is still high. Radio modems can cost up t&~DPD applications are also technically local, but,
$800. Economies of scale and mass market ec#\ith roaming capabilities and their connection to
nomics have not yet driven the price of equipmenthe PSTN, can also achieve national or even in-
down to a level that is affordable to most compaternational reach.

nies or consumers. This relatively high up-front Defining “coverage”is not necessarily straight-
cost, in addition to activation fees, per monthforward. Ram and Ardis, for example, are often re-
charges, and usage fees, may prevent some uséged to as “national” services; however, while
from signing up—especially residential consum-they cover many metropolitan areas, they do not

ers. As economies of scale are realized, equipmef@Ver the whole country. In addition, a user’s spe-
prices are expected to drop. cific location within a coverage area may deter-

In addition to high initial equipment costs, the mine whether or not service is available. Users tell

ongoing costs of service are also an issue. Sonféories of having to switch hotel rooms from the
mobile data service providers offer flat-rate paynorth to the south side of a building in order to use
ment plans that allow users unlimited use for a s¢heir servic€® For some business users, these
fee. Others will charge a combination of flat ratemay be minor inconveniences, but many will not
plus additional charges for use over a set limit. Ifolerate such performance.

the future, businesses will likely demand flat-rate

pricing based on large volumes of traffic. Individ- Security Concerns

uals and small businesses, however, are more lik&ome companies are afraid that moving data over
ly to want per-call charges because they will nothe airwaves, especially sensitive data about cli-
want to pay for anything they do not use. And likeents or products, might make them vulnerable to
cellular and PCS services, the question of wheotential eavesdroppers who could be listening in.

80while terrestrial data services are not technically line-of-sight, position within a building does matter. Often, users will congregate near a
window on a specific side of a buildin—gwhere the coverage is best.
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Users are also concerned about the possibility thalata users. Many large corporate and government
saboteurs could somehow use the systems to desers will not send data without encrypting it, and
stroy computer files. New spread spectrum sysmost wireless LAN providers offer some type of
tems are relatively secure because of the way thencryption software. A more complete discussion
transmit information, but users are still wary. En-of the security issues associated with cellular and
cryption is thus an important issue for wirelessPCS data applications is found in chapter 10.
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ireless communication systems will play an increasing-
ly important role in the delivery of a wide range of high-
bandwidth entertainment, information, and communi-
cation services. Radio-based technologies have been
used for decades to transmit one- and two-way communications
in support of a wide variety of applications. Radio and television
broadcasting, for example, have long been a staple of the nation’s
communication infrastructure, supplying information and enter-
tainment to millions of Americans for over 50 years. Since the
early 1970s other wireless systems—microwave networks and
satellites, for example—have been providing high-capacity links
primarily for large corporate, industrial, and government users
(the only users with bandwidth requirements large enough, or
who could aggregate enough traffic to need a high-capacity sys-
tem). Today, as the demand increases for high-speed data, multi-
media, and video communications, wireless systems are

increasingly being designed to provide high-bandwidth capabili-
ties directly to individual users and businesses. This chapter ex-
amines the role of new and existing wireless technologies in
delivering broadcast programming, video, and other high-band-
width services as part of the evolving National Information Infra-
structure (NII).

FINDINGS
= High-bandwidth radio technologies will play a somewhat par-
adoxical role in the NIIAt the local level, wireless systems

will competewith established wireline and other wireless
service providers.From a national policy perspective, how-
ever,wireless technologies wiltomplementvire-based sys-
tems in extending video-based NIl services to more
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American citizens and businesses, and could
be important in extending universal service
to underserved populations.

As a competitor, high-bandwidth wireless

systems are expected to bring substantial bene-

fits to consumers and businesses, including
lower prices and more diverse services. Direct
broadcast satellite (DBS) services, for exam-
ple, and several new terrestrial wireless sys-
tems will compete with cable companies and
broadcasters in the market for video program-
ming. Satellite-based digital audio broadcast-
ing (DAB) will compete with local
broadcasters for radio listeners in cars. Terres®
trial and satellite-based “bandwidth on de-
mand” systems will compete with local
telephone and cable companies to provide “last
mile” NIl connections to businesses and con-
sumers who need high-bandwidth communica-
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have to be “stitched together.” The architecture
and cost structures of wireless technologies—
terrestrial and satellite-based—may allow
them to deliver NIl services to some areas fast-
er, and perhaps less expensively, than tradition-
al wireline systems, especially in areas that are
remote or undergoing new construction. High-
bandwidth technologies may even be used by
traditional wireline carriers to deliver ser-
vices—at least one local telephone company
has invested in a wireless video provider, and
cable companies are actively involved in the
DBS industry.

Although it is too early to assess the general ef-
fect of competition on price because the sys-
tems are too new, many analysts and
policymakers believe that competition will
drive prices down or at least hold them stelady.
Because some of these technologies, mar-

kets, and industries are still in their infancy,

it is difficult to determine how effective com-
petition in new markets will be, which
technologies will survive, and which compa-
nies will prosper. Similarly, claims about the
benefits new wireless technologies can bring
to the national economy must be regarded
cautiously?

tion services capable of handling video
communications, image transfer, high-speed
data, and multimedia applications.

As a complement to wire-based systems,
wireless systems have great potential for ex-
tending NIl resources to rural or underserved
populations. In particular, satellite-based sys-
tems may bring the full range of NIl services
and applications to more users because of their ~ Each system has advantages and benefits
ubiquitous nationwide coverage. This single- that will be attractive to consumers and busi-
source coverage also assures consistent ser-nesses, but that will also splinter markets and
vices across different local areas for users with frustrate analysis and policymaking. As
national communication needs —multiple ser- technology advances and demand sharpens,
vices, whether wireline or wireless, will not systems will become increasingly differen-

1 Some anecdotal and statistical evidence does exist, for example, that a second cable company in a given franchise area will reduce cable
rates. See Federal Communications Commisgionual Assessment of the Status of Competition in the Market for the Delivery of Video Pro-
gramming CS Docket 94-48, released Sept. 28, 1994, paragraphs 57-60 and 203. At least one MMDS provider claims similar reductions in
cable rates as aresult of its entry into the local market. Letter from Todd Rowley, Peoples’ Choice TV to Andrew Kreig, Wireless Cable Associa-
tion International, Jan. 16, 1995.

2 The Federal Communications Commission noted this problem explicitly in an ongoing proceeding:

“...it must be noted that the proposals before us are largely that. There is little evidence in the record regarding the likely public interest
benefits of the various proposals, including increased access to high-quality, affordable, and innovative services, and stimulation of economic
growth through increased competition for existing services and introduction of new services that may be expected to stimulate demand and
create jobs.” Federal Communications Commisdtaiemaking To Amend Part 1 and Part 21 of the Commission’s Rules to Redesignate the
27.5-29.5 GHz Frequency Band and To Establish Rules and Policies for Local Multipoint Distribution, &%2videcket 92-297, released
Feb. 11, 1994, at para. 23.
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tiated—not only in the products and services
they offer, but in what they can actually deliver.

The unique capabilities and disadvantages of
wireless technologies, combined with chang-
ing consumer demand, will lead to markets that
overlap for some services, but diverge for oth-
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service comes to include access to high-band-
width information and entertainment ser-
vices—such as those offered by the wireless
providers discussed below—new segments of
the wireless industry will be subject to new reg-
ulations. Additionally, if universal service

ers provided by the same systems. Consumers mandates two-way, broadband access to NIl re-

will benefit from a wider range of services and
competition among many different types of
providers—both wireline and wireless. Assess-
ments of the overall market will lose meaning
as many smaller submarkets form. In addition,
the uncertainties of technology advances,
consumer and business demand, and regu-
latory treatment make it difficult to judge
their overall effects on the wireline portions
of the NII.
As technology advances and competition de-
velops, the implementation of universal ser-
vice (whatever its definition) and other
public interest obligations becomes more
problematic for both wireless and wireline
carriers.3 Historically, universal service has
been associated with the provision of basic tele-
phone service (see chapter 9). Today, the devel-
opment of new technologies, coupled with
changing societal needs, is forcing the concept
of universal service to evolve as well. In the fu-
ture, universal service is likely to include a
wide range of advanced communication and in-
formation applications, such as voice, data, and
video services. Exactly what the new universal
service will encompass is unclear, but because
wireless providers are expected to be signifi-
cant competitors in various markets, how these
issues are resolved will directly affect their op-
erations and economics.

An evolving definition of universal service
will pose serious challenges for policymakers
regarding wireless services. First, if universal

sources, the majority of wireless providers—
those who cannot technically offer such
services—could be put at a regulatory disad-
vantage. Mandating such a level of service for
all telecommunications providers fails to ac-
count for legitimate technology differences and
could penalize companies that made rational
technology and business decisions in the past.
A system of universal service based on des-
ignation of essential carriers—such as that en-
visioned in recent legislation—or a tiered
system of universal service obligations based
on technology and services delivered might
represent a more flexible, and hence long-term,
approach to setting universal service obliga-
tions and right$. Such an approach would be
consistent with current congressional initia-
tives for deregulation and belief in the market
as the most efficient and effective means of de-
livering services to consumers. However, until
decisions are made about what constitutes uni-
versal service, and what mechanism will be
used to move its subsidies, evaluating the ef-
fects on providers of all sorts would be guess-
work at best. Even when these fundamental
decisions are made, more data will be needed
on wireless system costs, wireline upgradegs;o
and the extent of the universal service “prob-
lem” before these questions can be answered.
Second, identifying the companies that will
bear the cost of providing new levels of univer-
sal service, and those that will receive financial

3 For more discussion of these issues, see Leland L. Jofimsward Competition in Cable Televisi@@ambridge, MA: The MIT Press,

1994).

4U.S. Congress, Senate, S. 6B2¢ Telecommunications Competition and Deregulation Act of 988hington, DC: U.S. Government

Printing Office, June 15, 1995).
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help in meeting these obligations have already
become significant issues. Providers who have
traditionally borne public service obligations _
will be increasingly subject to competition
from newer providers who use different
technologies and do not carry similar burdens.
For example, broadcasters—in return for their
free use of the public airwvaves—have been sub-
ject to public service requirements, while Mul-
tichannel Multipoint Distribution System
(MMDS) and DBS are ndt.Cable television
systems have been subjected to many types of
franchising requirements in return for their use
of public rights-of-way; MMDS and DBS are
not because they do not use public rights-of-
way per se.

From a competitive standpoint, such inequi-
ties may skew the ability of different firms to
compete, although the extent of such inequities
is unclear. For example, “[w]ere the wireless

allowing different technology systems to com-
pete’

In the emerging NI, the role and function of
television broadcasters will have to evolve to

fit new competitive models. Broadcasters
have played an important role in American life
for 50 years. They were long the sole providers
of video programming, and have had exclusive
access to what has become a very sought-after
portion of the radio frequency spectrum. De-
spite increasing competition from cable televi-
sion and other smaller programming providers,
television broadcasting has remained relatively
strong. However, an uncertain regulatory fu-
ture and new forms of competition from pro-
gram distributors with far greater capacities
have made the outlook for the industry increas-
ingly unclear.

Even with a conversion to digital technology

systems taxed and the proceeds used to benefitand the capability to broadcast multiple chan-

their wireline competitor in its high-cost area
also served by the wireless systems, competi-
tion from these wireless systems might be
weakened? It may be possible to adopt a con-
sistent set of regulations to guide competition.
However, if attempts to reduce technical and
regulatory inequities are too broad, they may
not work because the inherent capabilities of
the technologies are often quite different. Satel-
lites, for example, inherently have national
reach, but does that mean they should be sub-
ject to franchise fees in every local jurisdiction
in the country? At least one analyst has pro-
posed that extending license auctions to new
video service providers might be one method
for recovering value from the public use of
spectrum—eliminating the need for franchise
fees and public service obligations—while still

nels of video and perhaps other (data) services,
broadcasters’ ability to compete with interac-
tive cable television, telephone company ser-
vices, DBS, and other wireless broadcasters is
unknown. Broadcasters have several advan-
tages in the emerging competitive environ-
ment—including programming resources,
prime spectrum, local community ties, adver-
tiser-supported free (to consumers) program-
ming, and a broad base of political support.
However, they also suffer some significant dis-
advantages, including a lack of channel capac-
ity and an unfocused vision of what their new
role is likely to be. In considering the future of
broadcasters, a range of issues must be consid-
ered by both the industry and Congress that are
beyond the scope of this report. These include
national and local ownership rules, allowing

5 DBS providers were included in a 5 to 7 percent channel capacity public interest set-aside included in the 1992 Cable Act, but that require-
ment is not being enforced pending court review. The FCC does have a rulemaking examining whether and how DBS should be subjected to
programming obligations. Federal Communications Commiskigsiementation of Section 25 of the Cable Television Consumer Protections
and Competition Act of 1992, Direct Broadcast Satellite Public Service Obligatitdocket 93-25, 8 FCC Rcd. 1589, para 1 (1993).

6 |bid., p. 168.
7 Johnson, op. cit., footnote 3.
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broadcasters to provide nonbroadcast servicegets, especially one-way entertainment program-
and what the impacts would be on viewers ifming.
broadcasters stopped broadcasting free over-

the-air programming altogether. RADIO BROADCASTING
Radio broadcasting is one of most familiar wire-
BACKGROUND less services. Commercial radio broadcasting be-

The technologies and systems discussed belogan in 1921, and within 10 years, more than 50
share a number of important characteristics thgercent of all American households had a radio re-
will shape their contributions to the NII. First and ceiver. In 20 years that figure climbed to 90 per-
foremost, the advent of digital technologies lies atent, and today, radio broadcasts blanket almost
the heart of many of the changes now taking placthe entire nation and radio receivers are almost ev-
in radio communications. Each of the technolo-erywhere. The average American home has 5.6 ra-
gies discussed in this chapter is either in the pro@ios, and it is almost impossible to buy a car
ess of converting to digital technology or is beingwithout a radio—there are nearly 200 million ra-
designed from the outset to work digitally. Thisdios in American cars and truck®eople listen,
switch will fundamentally affect the services com-on average, to a little more than three hours of ra-
panies can offer and at what cost. dio per day, mostly while commuting or at work.
Second, many of the systems discussed beloWowever, although there are more than 11,000 ra-
were originally designed to be one-way. Althoughdio stations operating in the United States today—
two-way wireless systems are used—satellite neglmost evenly divided between AM and
works, for example—and some wireless systemEM—many of these are concentrated in and
are supplemented by return communications sugaround metropolitan areas, and the most rural
plied by the telephone network, most use of radi@reas of the country may have access to only one
waves for high-bandwidth communications re-or two stations.
mains concentrated in a one-way broadcast or Radio broadcasters use a single high-powered
point-to-multipoint format. It is only recently that transmitter, operating in either the AM or FM fre-
companies have begun to develop interactivequency band, and a tall antenna to beam program-
broadband wireless networks for the consumeming—including music, local news and
and business markets. information, education, talk radio programs
Finally, many of these systems were designe@mostly on AM stations), and emergency informa-
to serve users at fixed sites. The ability to broadtion—to listeners in a radius of approximately 25
cast radio waves over a wide area has proven to Ineiles® Because of this relatively limited range,
a remarkably efficient way to reach many peopleadio broadcasting traditionally has been closely
quickly, easily, and at relatively low cost. In thelinked to the communities in its broadcasting area.
future, the low cost and ease of deployment oNational radio networks also use satellites to share
broadcast technologies will enable them to comprogramming. For example, the 25 Native Ameri-
pete with wire-based alternatives in many mar<an radio stations use a satellite link provided by

8 Radio Advertising BurealRadio Marketing Guide and Fact Book for Advertisers 1993-1D8las, TX, 1994.

9 Repeaters/translators are used to extend the broadcast signal and serve outlying areas. AM stations are capable of beaming programming
over far longer distances at night. The differences between AM and FM radio are significant (see app. A). Amplitude modulation (AM) uses
relatively little spectrum—each station needs only 10 kHz—but the signal is easily disrupted by noise and interference (the signal is lost under
bridges, for example). Due to poor quality, many listeners have shifted over to FM radio, making it the dominant radio format. Frequency modu-
lation (FM) is more resistant to noise and signal loss, but each station needs a wider range of frequencies (200 kHz) to operate. Although both
formats are capable of carrying stereo signals, most FM stations broadcast in stereo and most AM stations do not, and the majority of existing

radios are not compatible with AM stereo.
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the National Public Radio satellite system tore-log radios with new digital ones to receive the bet-

ceive progamming through the American Indian ter sound and new information services.

Radio on Satellite (AIROS) project. Broadcasters Two types of DAB systems are being devel-

are now trying to broaden their services to includeoped in the United States. Existing AM and FM

low-speed data transmission that could provideradio broadcasters are planning to implement
local travel information, as well as supplementaryDAB technology using existing radio channels.

information for advertising and audio program- The new digital signals will be sent simultaneous-

ming (see chapter 4). In the future, radio broadly alongside the analog signals. Meanwhile, a
casters will switch to digital technology, andsmall number of startup companies is developing
satellites may increasingly be used to deliver radicsatellite-based DAB systems that will use new fre-

programming over wider areas. quencies recently allocated for this purpose.
This divided approach has slowed the develop-
ODigital Audio Broadcasting (DAB) ment of DAB in the United States, as the two sides

The next generation of radio broadcasting will usg'@/€ Pattled bitterly before the Federal Commu-
digital transmission technologies. While no suchnications Comm|SS|0n. (FCC)' The result is that_ n
services are operating yet, broadcasters and staffle United States-unlike in many other countries
up companies are developing systems that will re!Vhere integrated systems are being planned-dig-
place traditional AM and FM modulation ital radio services will likely be delivered by two

techniques with digital signals that will allow different kinds of systems: existing broadcasters,
thereto broadcast compact disc (CD), or near CD_vvho will have to upgrade their facilities, and satel-

quality, programming that is more resistant toIite-based providers, who are building their sys-

noise and interference. DAB may also enable neW€MS from scratcliThe two systems will not be

types of information services to be delivered.d'recuy compatible, although future radio receiv-
Consumers will have to replace their existing ana-'> probably will be able to receive both terrestrial
and satellite-delivered DAB as well as existing

AM/FM broadcasts. The FCC is still in the proc-

ess of developing the rules for future DAB ser-
vices.

Satellite DAB

The idea of broadcasting radio programming di-
rectly from satellites dates back at least 45 years.
In the 1980s, a small number of companies around
the world proposed satellite-based (formally
known as Broadcast-Satellite Service-Sound, or
BSS-Sound) systems that would use frequencies
in the L-band (roughly 1.4-1.6 GHz) to transmit

their progamming. Because these types of sys-

Satellite radio receivers similar to this prototype will have three

bands: AM, FM, and.satellite. tems would use frequencies other than the tradi-

“Some other countries are planning to use new internationally allocated frequencies in the L- or S-bands to deliver DAB services using
both terrestrial and satellite transmitters working ma single system.

"The concept of using satellites to transmit programming was first described byArthur C. Clarke in 1945. Arthur C. Clarke,”ExtfS-Tenes-

trial Relays:” Wireless World,October 1945. More recently, satellite broadcasting was considered at fio@haConferences dating back to
1979.



Chapter 5 Broadcast and High-Bandwidth Services | 139

tional AM/FM broadcasting bands, they are oftensmall audiences may not be able to support a local
referred to as “"out-of-band” or “new band” sys- radio station, but when aggregated across the
temsl2 country, make a national service possible. This
The first U.S. out-of-band system was pro-“narrowcasting” concept is analogous to the pro-
posed by Satellite CD Radio, now CD Radio, ingramming philosophy of cable television. Satel-
1990, and in December 1992, five other compatite DAB may be especially popular in rural areas
nies submitted applications to the FCC to offerthat lack access to the wide range of programming
satellite radio services In January 1995, almost gyailable in most metropolitan areas. The in-
exactly three years since the frequencies were aherently national nature of the satellite technolo-
located internationally, the FCC formally allo- gy, however, means that no locally originated
cated radio frequencies for satellite DAB in theprogramming—news, weather, or sports—can be
United Stated* Now the FCC must develop li- yransmitted. In addition, for technical reasons dis-
censing and operating rules to govern the provig,ssed below, satellite DAB is being developed
sion of satellite DAB services. The FCC yrimarily to serve radios in vehicles, although oth-
anticipates that this process will last until the encgr markets are being considered. As currently
of 1995, and that Iicerjseg will be granted Shortl)blanned, the CD Radio system would broadcast
thereaftgr. Once applications are _gra_nted and lisg commercial-free music channels to subscribers
censes issued, proponents expect it will take aboWho would pay a $5 to $10 monthly fee. Other

three years to construct and launch the Sate”ite%bmpanies plan to offer some channels on a sub-

mak_lng service avallabl_e m_roughly 1998'.99' CDscription basis, and others as advertiser-supported
Radio is currently testing its system using two

NASA satellites, and predicts a startup date oprogramming. ) )
199815 In addition to audio programming, the trans-

mission of data services directly to users is also

being explored. Proponents envision broadcast-
Services ing data services to support educational needs,
Proponents of satellite DAB are planning a varietypaging operations, and navigation and traffic
of programming targeted to audiophiles, usersnanagement systems for the nation’s cars and
with specific musical tastes, and groups with dif-highways. Up to 20 channels may be broadcast to
fering ethnic and cultural backgrounds. Thesesupport these services.

12 Although out-of-band systems can technically be satellite or terrestrial, development of out-of-band systems has focused almost exclu-
sively on satellite technologies in the United States. Other countries, including Mexico and Canada, are experimenting with out-of-band solu-
tions using both terrestrial and satellite delivery.

131n addition to Satellite CD Radio, American Mobile Radio Corp., Digital Satellite Broadcasting Corp., Loral Aerospace Holdings, Inc.,
Primosphere Limited Partnership, and Sky-Highway Radio Corp. petitioned the FCC in 1992 to offer satellite DAB. Since then, Loral and Sky-
Highway have merged with Satellite CD Radio, leaving a total of four applicants. Carol Horowitz, “DAB: Coming to a Car Ré&atellite
CommunicationsOctober 1994, pp. 38-40.

14The frequencies allocated were 2310-2360 MHz. This action was consistent with the position taken by the United States at the 1992 World
Administrative Radio Conference. The United States and India are the only two countries to use these frequencies. Other frequencies to be used
include 1452-1492 MHz (in Europe, South America, Africa, and, importantly, Canada and Mexico) and 2535-2655 MHz (including Russia,
China, and Japan, among others). This means that no common radio broadcasting system will exist across the world as the AM and FM systems
do now.

15CD Radio has petitioned the FCC for a 319d waiver, which would allow them to begin construction at their own risk prior to receiving a
license from the FCC. This would allow CD Radio to begin operating sooner after receiving their license.
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Satellite  dishes such as these will beam digital quality radio

programming  up to  satellites that will then retransmit
the country

it across

real transition problems to new satellite DAB
technology. For listeners, the important point is
that existing analog radios will not be able to re-
ceive the new programmingconsumers will have
to buy new radios if they want digital sound. CD
Radio has demonstrated a new receiver that re-
ceives the AM, FM, and satellite bands, but this
receiver is not yet commercially available.

Terrestrial  DAB

In response to local broadcasters’ concerns about
the transition to digital broadcasting technologies,
competition from new satellite services, and the
possible effects of these changes on smaller radio
stations, several companies began developing
digital technologies that would work “in-band”
—using the same frequencies currently used by

AM/FM stations. This approach would allow ex-
isting broadcasters to upgrade their facilities with-

Technology _out bringing in new, unwanted competition.
Satellite DAB systems are conceptually quite peyejopment of terrestrial DAB in the United

simple (figure 5-1). On the ground, large satellite gates is now focuseatimarily on in-band, on-

dishes will beam programming up to one or tWochannel (IBOC) solutions that will allow a broad-
geosynchronous satellites that will then rebroadvaster to transmit its present analog signal
cast these signals nationwide. CD Radio, for exsimyltaneously with a new digital signal without
ample, plans to construct and deploy two satelliteshe two interfering (figure 5-2). No new spectrum
to be used to deliver its services. Other developerg required. This development path indicates that
of satellite DAB systems plan to augment the satterrestrial DAB is most likely to be treated as an
ellites with terrestrial transmitters (so-called “gap extension or upgrade of existing radio services-
fillers”) that would improve reception in urban better quality, some additional radio-related ser-
areas (e.g., between buildings and in tunnels). Satices and maybe data broadcasts-rather than as a
ellite DAB systems will feature individually ad- new service like satellite DAB. IBOC will use ex-
dressable radios that will require a signal from theisting broadcast facilities to a large extent, but will
system'’s operations center to be activated or deadequire new digital transmitters and radio receiv-
tivated. Receiving antennas are silver-dollar-sizecers. The cost for a radio station to upgrade its faci-
discs built into a car’s roof. Satellite DAB systems lities is somewhat unclear, but will depend on how
are likely to have difficulty serving radios in advanced and up to date the station’s existing
homes or offices because the frequencies involvegquipment is. Estimates put the cost at approxi-
will not penetrate buildings very well. Antennas mately $50,000 to $150,000 per station; not pro-
could be mounted on roofs or windows, but addi-hibitive for large market stations, but potentially a

~—
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FIGURE 5-1: Satellite Digital Audio Broadcasting

SOURCE: Office of Technology Assessment, 1995

problem for smaller ones.” Consumer radios are
expected to be expensive initialy, but fall into the
$50 to $350 range—about the price of current
high-end radios-once they are produced in quan-
tity.

Like satellite DAB, the transition to terrestrial
DAB should be relatively easy for consumers.

Those with older radios will continue to receive
the existing analog signal, while newer radios will
receive the new digital signal that is transmitted
simultaneously. Past technical and institutional
issues that divided the industry internally appear
to have been largely resolved, and development of
aterrestrid DAB standard is progressing. 17 While

“Bortz & Company, Digital Audio Broadcasting: Phase I, Mar. 4, 1993. Testimony of John R. Holmes, in Hearings before the Subcommit-
tee on Telecommunications and Finance of the Committee on Energy and Commerce, House of Representatives, 102d Congress, Nov. 6, 1991,

p. 9.

"The Electronic Industries Association (EIA) established a task group in August 1991 to develop a U.S. standard for terrestrial DAB. The
group-composed of specific system proponents, manufacturers, and broadcasters—received 11 proposed standards, which were reduced to
five by the end of 1992. Testing began in 1993, and EIA now expects to finish in mid-1995. The group will then forward its recommendation to
the FCC for consideration as the fina DAB rules are developed. Demonstrations of both AM and FM IBOC systems were held at the National

Association of Broadcasters convention in April 1995.

1|
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FIGURE 5-2: In-Band, On-Channel Digital Audio

Broadcasting Systems

}—Single AM or FM channel-ﬁ-{

K]
2 Traditional
S AM/FM signal
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¢ Frequency

DAB signal sent at reduced power

SOURCE: Office of Technology Assessment, 1995.

there may be some economic dislocation caused
by the switch to digital broadcasting technologies,
OTA believes disruption to the industry will be
minimal.

Olssues and Implications for the NI

Theradio broadcasting industry is now at the be-
ginning of atransition to digital technologies. It
seems clear that two different DAB technologies
will be deployed: satellite-delivered, out-of-band
services and terrestrial systems using IBOC
technology. Several regulatory and institutional
issues remain unresolved, and competition from
alternative programming providersis possible.

Demand and Competition

The primary issue now consuming the DAB in-
dustry is the battle between traditional broadcast-
ers and satellite DAB proponents. This conflict
has been hitterly fought for the past five years and

shows no signs of abating.” The conflict is based
on different assessments of market demand-no
one is realy sure how consumers will react to
these new services. Traditional broadcasters are
concerned that satellite DAB will harm local
broadcasters by taking significant audience
share-and, hence, advertising dollars-from
them and could cause some smaller (and more ru-
ral) stations to go out of business. Similar con-
cerns have also been voiced by some FCC
commissioners.

Proponents of satellite DAB argue that the eco-
nomic impacts of satellite systems will be mini-
mal because the systems are expected to serve
largely niche markets (audiophiles, special inter-
est groups, and underserved customers). One re-
port states that satellite DAB providers will
achieve penetration rates of between 3 and 10 per-
cent of the automobile market nationwide, while
others put the figure at between 5 and 15 percent
for all radios.” Further, some proponents of satel-
lite DAB contend that the health of traditional
broadcast radio stations should not be a factor in
the FCC's consideration of satellite DAB ser-
vice”

Thisis not technically a“one or the other”
choice; consumers who subscribe to DAB ser-
vices will continue to listen to their local sta-
tions—just as they switch between AM and FM
now. What is unclear is the extent to which con-
sumerswill treat satellite DAB as a substitute for
local programming-the time that they will spend
listening to satellite rather than local services. It is
this time, translated into market share, that local
broadcasters are afraid of losing because of the po-
tential corresponding losses in advertising reve-
nue. Comments filed before the FCC indicate that
national advertising makes up only a small por-
tion of a station’s total advertising revenue, but it

“The National Association of Broadcasted, for example, has promised a “tough fight” against satellite DAB in the licensing and operating
rules are developed at the FCC. “FCC Takes First Major Step Toward Satellite DAB Service, '’ Audio Week, vol. 7, No. 3, Jan. 16, 1995, p. 1.

* Comments of Commissioners Ness and Barrett, reported in ibid.

“First numbers are from InContext, Inc., Satellite Radio, August 1994; second numbers are from Bortz & Company, Op. cit., footnote 16.

#“NAB Renews Attack on Satellite Digital Audio Radio,” Telecommunications Reports, Jan. 9, 1995.
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may be that the loss of even that small amourket data services may not do well in competition

could force some marginal broadcasters out ofvith many other data services (see chapter 4), but

businesg? services narrowly tailored to radio listeners—aux-
In addition to satellite providers, traditional ra- iliary services like local travel information—may

dio broadcasters also face competition from locafind acceptance.

cable operators, many of whom now offer digital

music services using existing cable television faPoIicy Considerations

cilities.* Digital Music Express (DMX) and Dig- g deployment of terrestrial and satellite DAB
ital Cable Radio now offer digital audio services,yises some difficult questions for policymakers at
to cable systems nationwide, and DMX s also beg,o £ n the short term, the FCC is wrestling
ing delivered via satellite as part of Hughes Di- i questions about operating rules. In the longer
recTV programming (see below). Each offers ., ‘mare fundamental questions need to be con-

about 30 channels (to be expanded to about 120Qqe e The most difficult long-term issue facing

channels) of commercial-free music program-,qjicymakers is how satellite and terrestrial DAB
ming on a subscription basis, but no local or in

‘will affect the local, terrestrial broadcast industry.

formational programming. Programming packageﬁow can the traditional strength of the U.S. local
range from about $11 per month to $75 per montyy, 4 jcasting industry be complemented by the

for busi_ness users. AIthougr_l rollout (_)f the service, o, technologies of satellite delivery? How can
to providers has been relatively rapid, consumefq,; torms of competition in radio services be pro-
acceptance has been slow. Total penetration ratﬁ?oted, while acknowledging (but not necessarily
are now expected to peak at between 5 and 10 pefiqiacting) the role and investments of local

I(?ent Or:_ cable—_s%r_v ed rllomzs. Sorcr;_e analystf fb roadcasters? What might the future structure of
leve this may indicate low demand in general f0ly,o |y 5. phroadcasting industry look like?

radio services listeners have to pay for. Satellite broadcasting, because it injects new
No firm conclusions can be reached about deg iy netition into the whole radio industry (not just
mand and competition at this time. Doing & proy,c4| competition), could dramatically reshape the
spective analysis of the economic impacts of g oadcast industry in this country. Satellite ser-
new technology is always difficult, and DAB is jices could complement local programming, be
complicated by current uncertainties in demandimited to serving niche markets, or emerge as a
and product/service acceptance. Using pasiypstantial competitor to local broadcasters. In
technology diffusion and interaction patterns tosome countries—Canada, for example—terres-
determine future acceptance and demand—agial and satellite DAB may develop as comple-
some industry studies do—is not sufficient formentary parts of one broadcasting system. In the
policy purposes. The tradeoff for consumers willunited States, however, it now seems likely that
be between free local programming with commerthe two industries will remain separate—the es-
cials and commercial-free programming that theytablished broadcast industry controlling terrestrial
must pay for. Take-up of terrestrial DAB servicesDAB, and the new startups controlling satellite
may exceed that of satellite services, if only beservices.
cause they are more familiar and can be positioned Given this context, it appears that satellite and
as an extension of an existing service. Mass materrestrial DAB will compete on the local level—

22 see, for example, various comments of CD Radio and the National Association of Broadcasters, before the Federal Communications
CommissionAmendment of the Commission’s Rules with Regard to the Establishment and Regulation of New Digital Audio Radio Services
Docket 90-357.

23 The information in this section comes from Bortz & Co., op. cit., footnote 16.
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radio listening in vehicles—while complement- If a local station cannot compete, should it be al-
ing each other at a broader level—extendingowed to go out of business, or do the benefits of
coverage, meeting unserved needs. It should Hecal information and entertainment call for some
possible to set the rules for satellite and terrestriddind of protection? Could other local stations
DAB such that both industries can thrive. A pos-(where they exist) take up the slack? The industry
sible analogy may be the dual nature of cable teleshould be prepared to present a good case for pre-
vision—local television stations and cableserving small stations based not on past history—
channels exist alongside “superstations” and nathere can be little doubt of the historical
tionwide cable channels that cater to specific inimportance of local radio stations—but on the
terests. Nationwide DAB services may be able t@rospects for future performance. Society in the
supplement existing local services in the samé&990s and beyond is changing rapidly, and the na-
way and would also fill in gaps in coverage of vari-tion’s radio listeners are entitled to a radio system
ous programming formats; not every person irthat best meets their needs. The public interest
America can get the kind of radio station he or shenay need to be redefined to include not only local,
wants, and not every market has 10, 15, 20 or motteut also national and international programming
stations with a variety of formats available. For aand services. Congress should be prepared to ad-
listener in a remote location who would like todress the social value of local broadcasters, and
hear classical music, a satellite-delivered servicevhether that value may outweigh reliance on mar-
may be the only option. ket-based outcomes alone.

The broadcast industry’s fears that nationwide
satellite audio programming will force some radioVIDEO PROGRAMMING SERVICES

stations out of business must be taken seriouslyjideo entertainment programming, which began
When satellite services start up, some smaller rayith broadcast television in the 1940s, has be-
dio stations may not survive. On the other handgome a pervasive part of American life. In this in-
satellite DAB proponents argue that developmengiustry, broadcast and cable television are the
of satellite DAB technology will help the United dominant suppliers—broadcast television is
States maintain its competitiveness in satellite andvailable to roughly 96 percent of the American
related broadcasting technologies. public, with cable television passing roughly the
For policymakers the issue is relatively simple,same percentage of households, 63 percent of
but difficult to solve: do the benefits of nationwide which subscribe. Today, however, a humber of
satellite radio services outweigh the loss of a nunwireless systems, as well as telephone companies,
ber of smaller, likely rural, local radio stations?are poised to compete directly with cable and, to
Relying on competitive forces is one way to ap-a lesser extent, broadcastét# full assessment
proach the problem, but the social value of thesef the competitive market for video programming
stations may override the workings of the marketservices, including smaller local competitors such

24 FCC definitions specifically exclude current broadcast television companies from this market because they do not provide multichannel
service or use a fee-for-service model. The FCC notes, however, that “for at least some viewers, broadcast television service satisfies their de-
mand for video programming.” FC&nnual Assessmemp. cit., footnote 1, para. 98. For purposes of this discussion, OTA takes the view that
the aggregated channels provided by multiple local broadcasters essentially represent a multichannel service that does, in fact, compete with
basic cable service. The future of multichannel individual broadcasters, as discussed above, also argues for including broadcasters in a future-
oriented assessment of video programming services. In addition, by strict antitrust and economic definitions, competition with each of the wire-
less services discussed will be different because different technology systems offer slightly different packages of services. Because DBS, for
example, cannot provide local broadcast programming, it is not a perfect substitute for local broadcast or cable service. DBS does, however,
compete directly with the enhanced or premium services offered by cable companies. Itis in this sense that competition (although not complete
or perfect) is used throughout this section. This position is consistent with views taken by the Federal Communications Cdéresission,
amination of the Effective Competition Standard for the Regulation of Cable Television Basic ServiéeRateand Order and Second No-
tice of Proposed Rulemaking, 6 FCC Rcd 4552-53 (1991).
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as low-power television and satellite master an- A station’s programming can come from three
tenna television systems (SMATV), is beyond themain sources. Some of it, such as much of the sta-
scope of this report, but several analysts and thigon’s news programming, is locally produced. If
FCC have already examined these issues in greahe station is affiliated with a network, the net-
er detail?® Consequently, this section will focus work programming usually arrives at the station
on the wireless entrants in the video programming@ver a satellite feed and is then rebroadcast. While
market, and assess the technical, economic, aridwould be possible to distribute programming to
regulatory issues they will face in the comingstations over high-bandwidth fiber links, satellites

years. are more cost-effective, given the large number of
stations to which the programming is distributed
[J Broadcast Television and the inherent point-to-multipoint nature of

Broadcasting has been an important component getellite services. Finally, programming can be

the nation’s communications infrastructure for de-distributed to the station by independent program-
cades—bringing entertainment and informationmers, who provide programs either on tape or via
to millions of people, and having an undeniablesatellite.

impact on the nation’s culture. In a sense, televi- The true value of broadcasting technology lies

sion was the first broadband communications seiif its ability to provide universal access to video.

vice. By using the airwaves, it was possible tgOnce the television station’s tower is in place, al-

deliver hundreds of megahertz of video programimost everyone within the station’s coverage area
ming at a time when wired media could not.can receive the signal. It costs the station nothing
Today, however, several different technologies—to add additional viewers. By contrast, with wired

including cable television, DBS, other wirelessbroadband media, each new subdivision or sub-
systems, the local phone companies, and even videriber requires additional expense. Even after the
€0 rentals—are putting competitive pressure omapid build-out of cable systems over the past de-
broadcasters. Over the next decade, broadcasteades, over-the-air broadcasting is still the only
face the difficult task of managing the transitionuniversally available source of video program-

to a new generation of digital technology. ming. Nearly all U.S. households can receive at
least one over-the-air broadcast television signal,
Services and nearly 95 percent can receive more than five

In one senseyroadcastingis a technology—the channelg8

use of the airwaves to distribute a high-powered The second hallmark of broadcast television is
video signal over a metropolitan area. But broadthat the service is “free,” once the viewer has pur-
casters do not simply provide a conduit to thechased a television. This is not strictly a conse-
home. Their real business is the selection of corquence of the use of wireless technology. Wireless
tent for their channel and the sale of advertisingechnology makes it possible for every viewer in a
time. The more viewers that a station can attraatity to receive a video signal; advertiser-supported
with its programming, the more advertisers will programming makes the service free. This busi-
be willing to pay. The content used to attract viewness model emerged in part because it was consid-
ers includes news, sports, and entertainment. ered too difficult or expensive for each station to

25FCC,Annual Assessmeni. cit., footnote 1. Bruce L. Egan, “Economics of Wireless Communications Systems in the National Informa-

tion Infrastructure (NII),” contractor report prepared for the Office of Technology Assessment, U.S. Congress, Washington, DC, November

1994. Johnson, op. cit., footnote 3, ch. 8.

26 Federal Communications Commission, Office of Plans and Policy, “Broadcast Television in a Multichannel Marketplace,” OPP Working
Paper Series 26, June 1991, p. 18.
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try to recover fees for the service directly from thechange for the right to sell some of the affiliates’
viewer2? Whatever the origins of the businessadvertising time to national advertisers.
model, however, policymakers in the United
States have long attached considerable value fechnology
the availability of a video service that is both uni-
versally available and free. Current television technology

Because broadcast television is so ubiquitou®ver-the-air television broadcasting was first au-
and is perceived to have considerable influence otinorized more than 50 years ago. On July 1, 1941,
U.S. cultural and political life, policymakers have the FCC allocated spectrum for channels 1 to 13
periodically tried to influence programming con-in the so-called Very High Frequency (VHF)
tent. Efforts to influence what broadcasters shovband?® Subsequently, a much larger band of fre-
have focused on violence, children’s program-quencies, for channels 14 to#3yas allocated in
ming, and balance in news reporting. The FCC hathe Ultra High Frequency (UHF) baR@lEach of
the authority to impose standards on broadcastetiese channels is 6 MHz wide.
because the spectrum that broadcasters use is conBroadcasters transmit their signal from a single
sidered to belong to the public. The Commissionantenna on a tower several hundred feet tall. The
acting on behalf of the public, requires broadcastpower output necessary for good reception
ers to meet programming standards as a conditiahroughout the city depends on the antenna height,
of licensing. The FCC has not imposed similarthe terrain, and the frequency at which the broad-
conditions on programmers who distribute theircaster operates. The signal can usually be received
content through cable because they do not use thwpwards of 50 miles from the tower, depending on
public airwaves. the type of antenna employed by the user. In part

Licensing decisions also focus on the degree tof the coverage area, it may be necessary to use an
which broadcasters tailor their programming tooutdoor antennato get good reception, but in other
the community in which they operate, particularlyareas simple “rabbit ears” are sufficient.
through news and public-affairs programming. The basic format for transmitting television
The natural coverage area of a broadcaster’s signsignals in the United States is referred to as NTSC
matches a typical metropolitan area, and “local{National Television Systems Committee),
ism” has long been cited as one of the hallmarks afamed after the group that developed the sys-
the U.S. broadcasting system. But in practicetem3® It was chosen by the FCC as the U.S. na-
broadcasters distribute a mix of local and nationational standard in 1941 and has proven
programming. Many stations are affiliated with remarkably durable. In 1953, color was added to
national networks, who pay their local affiliates aNTSC in a compatible way—old black and white
fee to broadcast network programming in ex-eceivers could still receive the new signal. Later,

27 |bid., p. 4.
28 Channel 1 was later reassigned.
29 Channels 70 to 83 were later reassigned to cellular telephony and other land mobile radio services.

30The “very high frequency” and “ultra high frequency” terminology reflects broadcasting’s long history. With advances in radio technolo-
gy, television’s frequencies, the highest of which is 806 MHz, are now considered to be at the lower end of the usable spectrum. By contrast, the
new PCS services will operate at 2000 MHz (2 GHz), and many other services operate at still higher frequencies.

31Two other formats are used for television transmission around the world: Phase Alternation Line (PAL), which is used in Germany and the

rest of Europe, and Systeme Electronique Couleur avec Memoire (SECAM), whichis used in France, Africa, and Russia, among other countries.
The three standards are not compatible.
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in 1984, a stereo sound capability was added to the g
standard. In addition, “subcarriers” within the sig-
nal have been exploited for the transmission of
closed-captioning information and other services.
While the standard has remained much the same
for more than 50 years, better camera, production,
and receiver technologies have considerably im-
proved the quality of the picture seen in most
households

As good as NTSC has been, however, it is high
ly inefficient in its use of the spectrum. Many of
the radio frequencies that are allocated to televi
sion cannot actually be used because there would o N , , , _
be unacceptable interference between channels. [ oo o o e i 1o eanece
the UHF band, for example, only nine out of the 55he home theatre experience.
channels can be used in any given &@n sever-
al occasions, the FCC has tried to encourage deguired for a sharper picture. Nonetheless, it was
velopment of a receiver that would allow use ofproposed for use in the United States, sparking a
the unallocated channels, referred to as tabodgorous debate that was partly about industrial
channels, but their efforts have been unsuccesgolicy and partly about the future of over-the-air
ful.” Problems with interference also require that broadcasting.”
channels not be reused in adjacent cities less than The FCC has played an active role in the devel-
150 miles away. Even if the station’s signal is notopment of HDTV technology. Fearing that the
strong enough to be received in the next city, iimited spectrum available in the broadcast band
may be strong enough to cause interference.  would make it impossible for them to compete

with other media in the delivery of HDTV, broad-

Advanced television systems and h|gh- casters petitioned the FCC in 1987 to investigate
-definition  television the implications of HDTV. The FCC responded by
In the mid-1980s, technology advances made ippening a Notice of Inquirjand in November
possible to develop a new television format that1987 it established the Advisory Committee on
would offer significant improvements over Advanced Television Service (ACATS), which
NTSC. Japanese companies had begun to demomvas charged with providing information to the
strate a new high-definition television (HDTV) Commission.
system that offered better resolution, a wider ACATS established a testing process to
screen, and better sound. However, the Japanesempare the candidate systems. Originally, the
system was not compatible with NTSC, andsystems being proposed were based on analog
required more spectrum than a conventional teletechnology; by 1990, however, new digital com-
vision channel to deliver the extra information re-pression technologies allowed an HDTV signal to

*“Federal Communications CommissioAdvanced Television Systems and Their Impact Upon the Existing Television Broadcast Service,
Notice of Inquiry, 2 FCC Rcd 5125,5126,5133 (1987).

“lbid.

“Super Television,” Business WeekNo. 3089, Jan. 30, 1989, pp. 56-63.

*Federal communications Commissioridvanced TelevisioSystems,op. cit., footnotes2.
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be squeezed into a standard 6 MHz NTSC charcurrently not considered separate services. Before
nel, and also allowed use of the unused tabothe ninth year, however, broadcasters will be per-
channels® The number of HDTV system candi- mitted to show different programs on HDTV in an
dates dwindled as proponents dropped out asffort to experiment with the capabilities of the
merged their efforts to develop digital systems. Ahew medium or to use specialized programming
the end of the ACATS testing process in 1992tg attract viewers to the new service. The FCC’s
there were few differences among the four remainpreliminary decision is to require broadcasters to
ing systems, and the proponents were encouragegturn their NTSC channel 15 years from the date
to combine their efforts. A “Grand Alliance” was that the transition to HDTV begins, but, as with
subsequently formed in May 1993, and testing ofhe dates of all of these milestones, this will be re-

the Grand Alliance system is scheduled to CONie\ed at regular intervals during the transition
clude in late 1995. Once the tests are Complete?ﬁocess.

ACATS will recommend the system to the FCC as In part, the FCC schedule is designed to build

a U.S. national standard. momentum for HDTV. By specifying a date on
To smooth the transition to HDTV, the FCC has,ich HDTV programming will begin, the Com-
proposed a transition plan that would move the ingission is hoping to encourage programmers and
dustry and consumers to HDTV over the span ofqyipment manufacturers to investin the develop-
several yeard! The transition will begin whenthe \ant of the programs and receivers that will be
FCC picks a standard and assigns HDTV channel§seded for HDTV to be a success. The FCC is at-
to each city in a neWable of AllotmentsAccord- tempting to avoid a chicken-and-egg problem in
ing to current proposals, all current high-powenyhich broadcasters do not begin HDTV broad-
television stations will be eligible for a secondcasts until sufficient receivers are available and
channel to be used for HDTV (their original chan-manufacturers do not produce receivers until
nel will be returned at the end of the transition peproadcasts begin. The FCC is using its jurisdic-
riod). Broadcasters will have three years to applyion over the broadcasters to position them as mar-
for an HDTV channel, and by the end of the sixthket leaders, hoping that receiver manufacturers,

year are required to be broadcasting in HDTV. Af-programmers, and other media will follGW.

ter nine years, broadcasters are expected to be si-|n the past year, the debate over HDTV has
mulcasting, showing the same programs on botbhifted. Broadcasters have been quite reluctant to
their NTSC and their HDTV channels. The pur-commit to HDTV in any meaningful way because
pose of the simulcasting provision is to preventhey believe that viewers may not want it—or be
NTSC viewers from being deprived of the oppor-willing to pay the thousands of dollars new HDTV
tunity to see the same programming as HDT\sets are expected to cost. Instead, broadcasters
viewers38 The HDTV and NTSC channels are have been pushing the more generic idea of digital

36 By transmitting the video signal in digital rather than analog form, it is possible to do complex mathematical manipulations of the signal in
order to reduce the bandwidth requirements. Federal Communications ComnAidsenm;ed Television Systefgst Report and Ordes,
FCC Rcd 5627 (1990).

37 Federal Communications Commissiéwmlvanced Television SystgrBgcond Report and Order and Further Notice of Proposed Rule-
making 7 FCC Rcd 3340.

38 Federal Communications Commissiéavanced Television Systerivemorandum Opinion and Orddihird Report and Order, and
Third Further Notice of Proposed Rule Making, MM Docket No. 87-268, Sept. 17, 1992.

39In addition, because over-the-air broadcasting reaches more than 98 percent of U.S. households, an ATV terrestrial broadcast system is
the medium most likely to bring this technological advance to virtually all Americans. Consequently, it is the medium most likely to result in
rapid penetration of ATV receivers and, hence, to contribute to higher sales volumes and eventually lower costs for these receivers.” Federal
Communications CommissioAdvanced Television Systerop, cit., footnote 37.
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television (DTV) or advanced television (ATV). progressive scan material, to encourage the sale of
These concepts are designed to give broadcastaramputer-friendly progressive scan displays.
more flexibility to deliver different kinds of tele- A second set of technology issues involves effi-
vision services—depending on what viewers aceient use of the broadcast spectrum. From a spec-
tually want and will pay for. For example, trum management standpoint, there are good
broadcasters could offer multiple channels of digiteasons to develop policies that would result in the
tal television at a level of quality that approxi- adoption of modern technologies as soon as pos-
mates the current NTSC system, or deliver onagible. As long as broadcasters are permitted to
HDTV channel, and/or provide advanced in-continue using NTSC, the broadcast allocation
formation and data services. These issues are cull be underutilized. But new digital television
rently being discussed at the FCC and intechnology, combined with the requirement that
Congress, where the terms and conditions oNTSC broadcasting cease at some point in the fu-
broadcasters’ provision of data services is beingure, would make it possible to use the spectrum

debated. more efficiently. It is possible that at the end of the
transition process, the entire VHF band would be

Issues and Implications freed for other uses, such as mobile or new in-
building communications technologies.

Technology, standards, and spectrum Another spectrum/technology concern in-

The main issue facing broadcasters is the transirolves system architecture—whether to use the
tion to next-generation digital technolofyThe traditional model of a single tower broadcasting a
FCC has not issued any rulings on HDTV sincehigh-powered signal, or several smaller transmit-
1992, apparently waiting for ACATS to report its ters broadcasting at lower power. This latter
recommendation on the HDTV standard that hascheme is sometimes referred to as “distributed
taken longer than expected to develop. Althougtiransmission” or “cellular television” because
the basic elements of a new digital television staneach tower broadcasts to only part of the overall
dard are in place, there are unresolved issues thatverage area. One advantage of these “single fre-
will have to be addressed by the Commission. Onguency networks” is that towers can be located
issue is the question of interlace versus progreswherever necessary to tailor coverage; for exam-
sive scan. Traditionally, television receivers haveple, filling in coverage in a valleéd But the main
used interlace scan, in which alternate lines aradvantage of this approach is that it leads to more
scanned in each frame, whereas computer monéfficient spectrum use because the same channel
tors use progressive scan, in which all lines arean be used in adjacent cities.

scanned every frame. Because they believe that Finally, the cost of upgrading to digital trans-
the distinctions between computers and televimission technologies is an important issue for
sions will blur, the computer industry has beerbroadcasters. Although costs will vary depending
pressuring ACATS to use progressive scan foon how much digital equipment a station already
HDTV. Currently, the Grand Alliance system of- has (digital film storage and tape playback ma-
fers both modes, but the FCC could impose poliehines, for example), costs could be high, espe-
cies that require broadcasters to transmitially for smaller stations that do not have the

40HDTV was, until perhaps two years ago, the preferred acronym. Now, in trying to move toward a more flexible use of the new technolo-
gies, broadcasters coined the digital television (DTV) term. DTV is conceived to be broader and more inclusive than HDTV, which is being
portrayed as an overly narrow technology mandate.

41 0ne single frequency network technology is COFDM (coded orthogonal frequency division multiplexing). Its consideration was men-
tioned in the FCC'’s last Report and Order, op. cit., footnote 38, but it is not currently part of the Grand Alliance system.
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advertising revenues of stations in larger markets. Faced with what they perceive to be high costs
Broadcasters will have to buy new antennas, towand low demand, many broadcasters are actively
ers, and production equipmenhe cost of adding resisting the mandated transition to HDTV.
basic HDTV capability—allowing a station to Instead, they argue, they should be allowed to use
“pass through” network programming and add lo-the spectrum more flexibly to offer multiple digi-
cal commercials, but not originate any local protal channels (instead of just one HDTV channel)
gramming—has been estimated to be betweeor even other services, such as data transmission.
$1.3 million and $2.2 million per statidd.The  Such uses, industry representatives point out,
cost could be significantly higher for the esti-could increase spectrum efficiency, enhance di-
mated two-thirds of all stations that would need toversity, and provide a way to offset the cost of de-
build a new tower for HDTV broadcastif§Sta-  ploying any new technology the FCC requires.
tions will also incur higher costs to buy the pro-The debate over what the FCC should require now
duction and studio equipment needed to originateccupies center stage in the digital television/
programming in an HDTV format. However, the HDTV debate. There is concern that broadcasters
ability to pass through network programming will are being forced by the FCC in a direction that
meet the FCC requirements outlined in its transiconsumers will not want to go—HDTA%

tion plan. The viability of HDTV is, in part, a separate is-
sue from the question of whether the FCC should
Demand encourage broadcasters to adopt digital broadcast

In recent years, broadcasters have begun to qugechnology. If HDTV is not considered to be vi-
tion whether there is enough demand for HDTVable, one option is “multicasting,” the use of the
to warrant the expensive technology upgrades thaligital channel to broadcast multiple standard-
would be required to provide it. It is unclear howdefinition channels (SDTV). The same technolo-
many viewers will be willing to pay the (initially) gy that squeezes a high-definition signal into a
high cost of HDTV receivers to receive better pic-single channel can also be used to transmit four or
tures. The advantages of HDTV are most apparemiore standard-definition signals. Viewers could
on large screen displays, which are inherentlyontinue to use their existing television sets, but
more expensive. Because their service is not bywould need a set-top box to translate the digital
subscription, broadcasters will be unable chargsignal into the NTSC format understood by their
viewers extra for a premium HDTV service, astelevision. This box would be much less expen-
would a cable company. Nor will they capture anysive than an HDTV receiver, most of whose cost is
of the revenues from the sale of HDTV receiversin the display, not the decoder. The additional
In the 1950s and 1960s, NBC used the transitionhannels could provide broadcasters with addi-
to color in part to spur the sales of color receiversional revenue sources (through subscriptions,
produced by its parent, RCA. perhaps) and provide an incentive to move to more

42 National Association of BroadcastelAB Guide to HDTV Implementation Co@f¢ashington DC: NAB, 1993), p. 39.
43 |bid., p. A-7.

44 “What also comes through in the industry’s comments, however, is trepidation—and understandably so. After all, the Commission is
mandatingthe development of this new technology in only one sector of the video marketplace: broadcast television. Other segments of the
industry—program producers, film studios, cable programmers, DBS providers— can elect to watch from the box seats as the broadcasters
enter the Colosseum. While shouldering only a fraction of the risk, they will have the luxury of awaiting the answers to the fundamental ques-
tions that broadcasters, and the Commission, must grapple with today: Will consumers rally around high-definition? Will compellingly crisp
pictures and sound make HDTV indispensable to America’s 90 million television households?” Statement of Commissioner Ervin S. Duggan,
federal Communications Commissidkdvanced Television Systerop, cit., footnote 38
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efficient technology. This is, in fact, the strategycasting made the television business possible,
now being pursued by cable, wireless cable, antbday more than 60 percent of households now re-
satellite companies (see below), that are converteive broadcasters’ programming over cable and
ing to video distribution systems that use digitalsome rural viewers receive programming directly
transmission technologies and set-top decoders foom satellitest> While new cable programming
deliver services to current analog televisionscompetes with broadcasters for advertising dol-
However, manufacturers who have invested in théars, cable technology is also an essential conduit
development of HDTV receivers and productionfor broadcasters to reach viewers. For this reason,
equipment are opposed to standard-definitiothe terms under which cable systems carry broad-
multicasting. In addition, this strategy would per-cast signals have been the subject of intense policy
petuate the use of NTSC’s interlaced displaydebates and negotiations between networks and
technology, which is opposed by the computer ineable provider45
dustry. To some extent, the fate of broadcasters as pro-
In addition to multicasting more video pro- grammers (creating and selling programming)
gramming, broadcasters are considering mangnay be separate from their role as program distrib-
other services that could be delivered over a highdtors. Whether or not over-the-air broadcast
bandwidth digital channel. These include data detechnology will continue to be a significant mode
livery or paging. As a wireless medium, of distributing entertainment programming de-
broadcasters can quickly deliver services to locapends on a variety of factors. While wireless
tions that do not have wireline facilities and to mo-technology was a good way to deliver television
bile users. But because these services are not sesarvice quickly to all of the people in a metropoli-
as being part of the broadcasters’ traditional settan area, there is a limit to the amount of available
vice, the ability to use spectrum in this way is seelspectrum. By contrast, the cable and telephone
by some as a windfall. The issue of “flexible use”companies are rapidly upgrading their distribu-
of broadcast spectrum was debated in the last Cotien plant to deliver an even wider range of pro-
gress, and in the current Congress, proposed legigramming; over the past decade, there has been
lation would give broadcasters the freedom tasignificant growth in the number of viewers pre-
offer “ancillary and supplementary” data servicesferring to receive programming using cable or oth-
subject to certain restrictions. The meaning ofr “multichannel” services such as DBS or
“ancillary and supplementary services,” howeverwireless cable. In addition, many of these compa-
will have to be defined by the FCC. Broadcastersies are proposing new interactive services that
would have to pay a fee for spectrum used fomay attract even more subscribers. Even with dig-

these services. ital compression and multicasting, it is unlikely
that broadcasters will be able to match the number

Competition and the role of over-the-air of channels or range of services these other pro-

broadcasting viders will offer, unless more spectrum is made

Broadcasters’ main business—programming available to individual stations—an unlikely
channel and selling advertising—is no longermprospect.

completely tied to broadcast technology as its sole Some have suggested that if other distribution
means of distribution. While over-the-air broad-media were to provide programmers with satisfac-

45 Viiewers can only receive network programming via satellite if they cannot get a broadcast signal or have not recently been a cable sub-
scriber. For those viewers who qualify, packages of network programming are available to C-band system owners from NetLink and PrimeTime
24. DirecTV/USSB owners are subject to the same qualifications.

46see, for example, Federal Communications Commisaimendment of Part 76 of the Commission’s Rules Concerning Carriage of Tele-
vision Broadcast Signals by Cable Television SystBesort and Order, MM Docket No. 85-349, Nov. 28, 1986.
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tory access to the viewing audience, it is conceivming packages similar to those offered by cable
able that broadcasters could choose to stogelevision, and each of the alternatives has brought
distributing programming over the air altogether.competition for viewers and advertising dollars.
If this were to occur, there would be difficult ques-Some analysts expect new wireless services to be
tions about the fate of remaining viewers who stillthe main source of competition to cable television
relied on free over-the-air broadcasting. Currentand broadcasters in the market for alternative vid-
ly, however, control over their own distribution eo programming—not the local telephone compa-
medium provides broadcasters with significantnies that have been planning and fighting for the
advantages. They can sell advertisers access to thight to offer video programming for yedts.

40 percent of households that do not have cable, as

V‘{e” astoa significant number of second televiyy|tichannel Multipoint Distribution Service

sions in cable households that are not connected {vps)

cable. In addition, their status as broadcasters eg\ps providers, commonly known as “wireless
titles them to carriage on cable systems by "mustapje » offer entertainment programming services
carry” regulations. Other programmers have tQn competition with traditional cable television

compete to be included as one of a cable SySte”fﬁoviders. To date, the industry has grown very

channels. slowly in the United States, amassing only
] ] ] ] 750,000 users—served by 175 systems—across

[ Alternative Video Service Providers the country!s In recent years, however, growth
The market for video entertainment programminghas picked up noticeably, and individual compa-
is becoming increasingly crowded and competinies have been successful in some local markets.
tive. Broadcasters face competition not only fromindustry representatives predict that by the end of
cable television providers, but also from a small—1995, the number of subscribers will more than
but growing—number of companies that use radouble to 1.8 million viewers served by 200 sys-
dio-based technologies to provide similartems, and by the year 2000 analysts expect wire-
services. Recently launched DBS services bringess cable systems to be serving between 3.2
hundreds of channels of premium and pay-permillion and 4 million subscribers and earning be-
view programming to subscribers, and terrestriatween $1.5 billion and $2 billion in annual reve-
wireless systems promise similar, if fewer, sernue?® Other countries are installing wireless
vices. Telephone companies are preparing to enteable systems instead of wired systems because of
the video distribution market by upgrading theirits lower costs and faster installation times.
own wire-based networks, but also through the MMDS providers use low-power microwave
use of wireless. signals broadcast from a central tower to deliver

The emergence of these new wireless distributheir services. No local franchise is required. Pro-
tion technologies is undercutting the traditionalgramming packages typically include movie
preeminence of the television networks and locathannels like HBO, premium programming (Dis-
broadcast stations, and could provide substantialey channel), some local broadcast stations (and
competition for cable television as well. Wirelessnational “superstations”), and pay-per-view.
companies provide, or plan to provide, programWireless cable providers, however, do not pro-

47 Johnson, op. cit., footnote 3.
48 Much of this paragraph is based on materials provided by the Wireless Cable Association International.

49 Andrew Kreig, Wireless Cable Association International, personal communication, March 20, 1995; Louise Lee, “Wireless Cable-Tele-
vision Sector Is on Acquisition BingeThe Wall Street Journalune 8, 1994; Tom Kerver, “The Wild World of Wireless Vid&gblevision
May 23, 1994.
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duce their own programming, such as local news
or sports. To receive the MMDS signal, subscrib-
ers must purchase about $200 worth of equip- i
ment, including a rooftop antenna, signal
converter, and a set-top box, and pay a monthly E
service fee roughly between $17 (basic package)
and $25 (basic plus one premium chaniidlhe -
major advantage of MMDS over cable and DBS is
the low initial construction costs-$1 million to
$2 million for the tower and transmitting equip-
ment—no expensive satellites to build an
launch, and no expensive cable to lay. This low
cost structure is what allows MMDS providers to
charge less for their services (although usually fo
fewer channels).
MMDS systems operate at 2.6 GHz, limiting - -
them to line-of-sight delivery, and use analog-_q‘“‘-h» bt 8
transmission to deliver video to consumgfhe ",V]Vire/ess ctgb/ef' systems will pro‘{_gde consumes ngh gnother
number of channels used (and offered to CONSUMstibution market 0> e MUtrenamer ideo

ers) by individual MMDS providers varies. FCC

rules allow MMDS companies to use up to 33  Qver the last several years, the MMDS industry
channels, but only 10 of these channels are dedhas grown considerably and is now preparing for
cated to MMDS. Twenty of these channels are alserious competition with other video service pro-
located to the Instructional Television Fixedviders--- cable, DBS, and Local Multipoint Dis-
Services (ITFS), and another three are allocated ttribution System (LMDS) (see below). Rapid
the Private Operational Fixed Service. ITFS li- consolidation has taken place as companies seek
cense-holders will often lease some or all of theitto develop the economies of scale and cost advan-
capacity to a local MMDS provider, or the chan-tages that will bolster the industry’'s competitive
nels can be shared by time of day. Complex ruleposition.” Until three years ago, MMDS compa-
govern sharing between the three services, resuliies were often denied access to programming—
ing in a situation where not all 33 channels areor charged exorbitant rates-by many video
available to MMDS providers in all markefs. programmers who were owned by or locked into
This is likely to hamper the ability of MMDS pro- contracts with cable television companies. In
viders to compete effectively in some areas. 1992, Congress passed the Cable Act, which pro-

[t D e e
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“John Ramsey, "MMDS: The Advent of Latin American Pay T\Gatellite Communicationsp. 17, August 1993; Kreig, op. cit., footnote
49,
" Specific frequencies are 2500-2655 Mhz and 2655-2690 MHz. Line-of-sight restrictions, including blockages by trees and buildings,

may be overcome by technological advances that will allow the signals to be "bent" but to date they have limited MMDS to relatively flat topog-
raphy. MMDS systems’ range is about 30 miles.

“Bennett Z. Kobb,Spectrum Guide:Radio Frequency Allocations in the United St&#88sMHz-330 GHz (Falls Church, VA: New Signals
Press, 1994), pp. 149-151.

“Lee, op. cit, footnote 49.
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hibited video programmers from discriminating nications satellite, Hughes' Early Bird, was
against program distributors like MMDS and launched in 1965. Early satellites transmitted tele-
DBS54 The Cable Act opened up access to prophone calls across the Atlantic Ocean, and were
gramming that had been held back for many yearsoon used to distribute television programming to
and allowed the wireless companies to competaetwork affiliates across the country. Today, satel-
more effectively and evenly on product and pricelites deliver video programming directly to over
In addition, the MMDS industry is now devel- 5 million people.
oping digital compression schemes that are ex-
pected to increase the number and variety of-pand and Ku-band satellites
channel offerings, perhaps allowing providers toc-band satellites have been carrying television
offer as many as 200 channels. A digital upgrad@rogramming for more than 20 years. These satel-
could also enable MMDS providers to offer inter-jite systems were primarily designed to distribute
active programming. Also, the ITFS service hassrogramming from television networks to their
channels specifically identified as “return” or “re- |ocal broadcast affiliates, and premium cable
sponse” channels, allowing voice and data comchannels (HBO, Discovery, and Disney) and tele-
munications to be sent back to the broadcaster. yjsjon “superstations” to cable television systems
As a result, wireless cable has become a morgcross the country. However, in the early 1980s
attractive technology choice for both consumergonsumers began putting up their own dishes—
and suppliers. Pacific Telesis recently announcedo-called backyard dishes—to receive the pro-
plans to acquire a wireless cable company igramming directly® Today, satellite television
Southern California, and Bell Atlantic/NYNEX services provide video, data, and music services,
will team up to invest in another MMDS provid- mostly to people in rural areas where broadcast
er>®These companies see wireless cable as a wayid/or cable do not reach. By 1994, there were
to deliver advanced digital video services to theilabout 4.5 million backyard satellite dishes in use
customers until they can upgrade their existingn the United States, roughly 3 million of which
telephone systems to carry video signals. This alyre in areas with access to cable televi§fon.
lows them to enter the video programming dis- C-band systems account for the bulk of con-
tribution market significantly faster than waiting symer satellite TV Systerﬁg_(:onsumers use 7-to
for new fiber optic systems to be installed. This10-foot-diameter dishes, costing from $2,000 to
strategy is a preemptive response to cable compgs3,000 installed, to receive analog video signals
ny provision of telephone services later in the decfrom geostationary satellites in orbit 22,300 miles

ade. above the Earth. C-band dish users can receive
approximately 150 free, unscrambled signals and
Satellite Television Services roughly another 100 scrambled channels, such as

Satellites have been anintegral part of the commudBO, can be ordered through various program
nications infrastructure since the first commu-packagers for a monthly subscription fee. The

54 The Cable Television Consumer Protection and Competition Act of 1992, Public Law No. 102-385, 106 Stat. 1460 and codified at 47
U.S.C. section 151.

55“pPacTel To Buy Tiny Wireless-Cable Firm For $120 Million To Speed Video Projekg"Wall Street Journahpr. 18, 1995, p. A4.

56 These satellite receiving dishes are also referred to as “home satellite dishes” and “television receive-only dishes. At first, the program-
ming transmitted over satellites was unscrambled and free to anyone with a receiving dish. Soon, however, programmers began scrambling
their services and charging for use.

57 Johnson, op. cit., footnote 3, pp. 115, 151.
58 Most cable programming services still use C-band for program delivery.
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number and types of programming packageg
available vary widely, but for about $25 a month, g
subscriber can receive approximately 25 basi
cable channels and eight movie channels, in add
tion to the 150 free channels. These systems al
use subcarrier frequencies to offer multiple chan
nels of audio, such as music and talk radio sta
tions. C-band services also provide data serviceg
for an additional fee. By attaching a data termina
to their home equipment, customers can receive
host of information services, such as financial in-
formation, stock updates, and specialty se
vices”’

Ku-band satellite services use higher frequen
cies that allow smaller dishes, and are used most m——
by businesses, broadcast and cable companies,
govemment’ and others to SUpply private Commu'High-power DBS satellites allow receiving dishes, seen here
nication networks. These networks often use veryn the comer of the garage roof to be quie smal.
small aperture terminals (VSATS) to link far-flung

company sites (see chapter 4). Ku-band satellites The FCC authorized DBS service in 1982, and
also provide commercial radio and television dis-established rules for the service that regulate it not
tribution, teleconferencing, private data networksas a broadcasting or common carrier service, but
(such as remote credit card verification), high-according to its own rules. Despite support from
speed image transmission, distance learning, insome large companies, all early attempts to estab-
ternational and domestic long-distance telephondish a successful DBS venture failed. The satel-
transmission, and other services. In addition, Ku-ites for the new service were very expensive to
band satellites have helped establish telephon@uild and launch, premium programming was dif-
service for remotand/or  less developed countries. ficult for some providers to obtain, and consumer
demand was low—the systems could only trans-
Direct broadcast satellite (DBS) mit a half dozen channels.
DBS systems represent the next evolution of satel- In the past four years, however, two new DBS
lite-delivered televisioff.DBS was originally  systems have begun offering packages of video
conceived to serve households not passed tpyogramming | as well as pay-per-view events, di-
cable, but as that number shrank from 18 millionrectly to consumers’ homes. These new systems
in 1984 to approximately 4 million in 1992, ser- use high-power and digital technology to provide
vices were targeted more directly at existing cablea wide selection of programs and CD-quality
markets.” sound, using smaller dishes than traditional large-

58 uwec]

“Hary Thibedeau, Satellite Broadcasting and Communications Association, personal communication, Jan. 20, 1995.

“Direct Broadcast Satellite (DBS) technically refers to a specific type of high-powered satellite operating in the 12.2-12.7 GHz(Ku)band.
This was the way that most analysts and policymakers thought videgraRifhming would be delivered directly to consumhgn the service
was established in 198l, and the name has gained widespread acceptance.Primestar, discussed below, is not technically a DBS system, because
it uses a lower powered Ku-band satellite that operates according to the FCC's Fixed Satellite Service puegosesr of clarity, Primestar
will be discussed in this section because it provides the same services historically ascribed to DBS.
“Johnson, op. cit., footnote 3.
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dish satellite TV. Although the systems should aptine-of-sight to the satellite in the southern sky
peal most to users who cannot receive cablith no obstructions such as tall trees, mountains,
television or have chosen not to subscribe, earlgr buildings. Analysts estimate that 50 percent of
indications are that the market for such serviceg|l U.S. households, including apartment build-
may be much broader. Initial sales of DBS serings, have this capability, meaning that the other
vices have exceeded expectations, with nearlygg percent cannot receive DBS programming at
750,000 subscribers signing up in the first year of 63 The other significant disadvantage, which
operation. Some DBS proponents have intergome consumers are apparently still unaware of, is

preted these figures to indicate consumer disCORy, ¢ the systems cannot carry local programs, and
tent_W|th cable teIeV|S|or_1 prowd_ers. Varlous_typesmost DBS customers cannot get network pro-
of direct-to-home satellite services are being de

velobed around the worf Qramming (ABC, CBS, NBC, FOX, and PBS) at
C(F))nceptually DBS syétems are quite simpl all. The Satellite Home Viewers Act of 1994 al-

(figure 6-3). Programmers send their material toiOWS _subscribers toreceive netwo_rk p_rogramming
central facility similar to a cable system’s head-only_"c the consumer cannqt receive it Of_f the air,
end, where the programming is compressed arfnd if they have not subscribed to cable in the last
sent up to orbiting geosynchronous satellite(s)30 days* Finally, the systems are not expected to
The signals are then broadcast over the UniteR® able to offer true video-on-demand services (in
States for reception by the user’s receiving dishwhich the user can control “Stop,” “Review,” and
From the dish, a cable feeds the programming téSearch” functions) in the near future, although
the set-top receiver, which decodes the comthey do offer near video-on-demand in which
pressed programming and records billing in-movies begin every 15 minutes or so. The nature
formation for pay-per-view (PPV) events. Oneof the broadcast satellite beam combined with the
system remotely polls the subscriber units eackarge number of subscribers makes it currently in-
month (via phone-line connection) to collect thefeasible to dedicate a single channel to an individ-
billing information. ual subscribe?>

Despite the advantages offered by DBS—in- Two systems offer direct-to-home services
cluding national coverage, high-quality sound,today—Primestar, owned by a consortia of cable
and wide selection—the systems suffer someompanies and GE American Communications,
competitive disadvantages as well. Perhaps thiec.; and Hughes’ Communications Galaxy Di-
biggest is that the receiving dish must have a cleaecTV/United States Satellite Broadcasting

62 For an overview of these activities, see Michael S. Alpert and Marcia L. De SB®eThe Time is NoWVashington, DC: National
Association of Broadcasters, 1994).

63 Satellite Broadcasting and Communications Association, presentation to OTA staff, Apr. 7, 1994. The number of single-family homes

affected is likely to be significantly lower.

64 Satellite Home Viewer Act of 1994, Public Law 103-369, Oct. 18, 1994. Dawn Stover, “Little DisRdplar Sciencelanuary 1995.
One company, Local DBS, Inc., has proposed to use spot beams to relay local programming to viewers. See Alpert, op. cit., footnote 62.

65 Johnson, op. cit., footnote 3.
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SOURCE: Office of Technology Assessment, 1995.
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(USSB), which uses RCA's Digital Satellite Sys-500,000 customers, and expects 3 million by 1996
tem (DSSP® Other companies have received li-and 10 million by 2008° The system uses two
censes for DBS, but are not yet operafihg. satellites in geosynchronous orbit, compared with
Although the two services differ in many respectsPrimestar’s onél and broadcasts at higher power,
each is digital and uses significantly smaller sizedesulting in a smaller (18 inches) receiving didh.
dishes than C-band systef$s. DirecTV controls the majority of the capacity on
Primestar initiated service in 1991 as an analothe Hughes satellites (27 of 32 transponders), and
system, but in 1994 converted to digital to expandherefore offers more channels and more diversity
its channel offering and improve quality. The Pri-than USSB. The full DirecTV package includes
mestar system uses a commercial Ku-band satel50 channels of traditional cable programming, as
lite, and operates under the FCC's Fixed Satellitevell as sports packages, and many PPV options.
Service (FSS) rules. This classification restrictsThe RCA disf3 sells for $699 for the basic model
the Primestar system to medium-power broadand $899 for the model that allows two TVs to be
cast, which requires the use of a receiving dish dfiooked up. However, if consumers want the op-
either 36 or 40 inches. The dishes cost about $90fon of watching different channels on the two
but most Primestar subscribers lease the equigrVs simultaneously, they need to pay an addition-
ment for a small monthly fee. Depending on dis-al $649 for another receiver. Professional installa-
tributor, subscribers pay between $21 and $54 #ion costs $150 to $200, while a do-it-yourself
month for 77 channels, plus an installation fee ofnstallation kit is $70. Programming packages
about $200. Users receive a number of pay-pefange from $17.95 to $34.95, plus PPV charges
view (PPV) channels, which cost about $4 pefor USSB, and from $21.95 to $29.95 for Di-
movie or evenf?® The Primestar system currently recTV74PPV movies are $3. Users who subscribe

serves about 400,000 customers. to both services can pay upwards of $65 per month
DirecTV/USSB began offering service in Oc- plus any pay_per_view Charges_
tober 1994. By March 1995, it had signed up

66 DirecTV and USSB are actually two separate programming services, but use the same Hughes Communications satellite. The two com-
panies offer services that complement, rather than compete with, each other (with some overlap). Users need only one set of equipment to re-
ceive both services, and many subscribe to both.

67 Other potential DBS providers include: Echostar, Direct Broadcast Satellite Corp. (25 percent owned by Echostar), Advanced Commu-
nications Corp. (Tempo holds their license), Continental Satellite Corp., Dominion Video Satellite, and Tempo. Echostar is the furthest along—
satellites are built and programming alliances are in place. Alphastar is planning to offer service by the end of 1995 using an AT&T fixed service
satellite. Primestar was planning to transition to true DBS through Tempo’s control of Advanced Communications licenses, but Advanced was
turned down by the FCC for a license extension, putting Primestar’s DBS plans in jeopardy.

68 stover, op. cit., footnote 64.

69 |bid.

70 Eric Schine, “Digital TV: Advantage, Hughe®gusiness WeeMar. 13, 1995.

71Due to differences in orbital spacing between these two classifications of satellites, BSS satellites are less susceptible to interference from
adjacent satellites. This difference, along with their higher power, allows DSS systems to use smaller dishes.

72 The Primestar system broadcasts at 45 watts, whereas the two DSS satellites broadcast at 120 watts.

73RCA has an exclusive license to manufacture the equipment for 18 months after the launch date or until one million units are sold, which-
ever comes first. After this point, Sony will enter the market with its dishes.

74|n addition to the standard packages, DirecTV offers a $5.95-per-month package consisting of only one channel, but it allows subscribers

to select the full complement of specialty sports packages and pay-per-view options. Some of the specialty sports packages offered by DirecTV
are the Golf package, for $6.95 a month, the NFL season package for $119.95, and the NHL season package for $69.95.
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Issues and Implications most Americans. Competing cable systems are
still few in number, local telephone companies are
Competition only operating experimental video-delivery sys-

The historic context for video programming ser-tems, and wireless competitors still do not have
vices, and for the emerging NIl specifically, is enough subscribers to make the market truly com-
clearly based on compefition. The video programpetitive78 The FCC further concluded that low-
ming market is in its infancy, but already showsered entry barriers—to let more competitors enter
signs of becoming quite competitive. the market—were likely to lead to significant
Any investigation of competition and public  benefits for consumers. Even if competitors do
policy in such a dynamic arena [video program-  not actually enter the market, the threat of com-
ming] is handicapped by uncertainties about fu-  petition may provoke incumbents to improve ser-
ture technological advances and social needs. vices and cut cosfé®
The only certainty is that surprises are in store. It now seems likely that, as the video program-
Before the end of the decade, we must anticipate . ; .
ming market matures and technology continues to

achievements and disappointments going far be- q . d id il b .
yond anything foreseeable in this monograph... advance, services and providers will become in-

Fortunately, these developments do not critical- Créasingly differentiated. In part, this will be due
ly depend on the widespread deployment of any t0 the different capacities and characteristics of the

one technology or on the success of particular Systems noted above. Provision of video program-
firms. The possibilities are so numerous, in ming packages may continue as the “core” mar-
terms of alternative technologies and the roles of ket, but ancillary markets will form as well.
diverse firms, that the public will benefit almost ~ Because the technology systems discussed above
regardless of which path is taken through the gzre not perfect substitutes for each other—some
maze. The challenge for public policy isto facil-  national, some local: some more interactive than
itate and to guide this dynamic process in ways ihersthey are likely to compete in the core
that maximize these beneffts. - :
market, but not necessarily in the splinter markets.
Congress demonstrated its commitment torhe result will be that consumers will have a wider
competition in the 1992 Cable Act, where it ex-array of choices—that are more likely to match
pressed its preference for competition over ratgnheir needs more closely—than in the previous era
regulation and its belief that the promotion ofof broadcast television’s “one size fits all.” It will
competition through new distribution technolo- be difficult to generalize policy nationally when
gies was critical® The FCC has now taken over competition will vary from location to location.
the congressional mandate to encourage compefuch more research will be needed to determine
tion in video service$’ In September 1994, the the nature and effectiveness of competition in
FCC concluded that, despite substantial growth ithese highly diversified markets.
alternative delivery systems, competition in mul- The transition to future services, suchas HDTV
tichannel video programming still did not exist for and interactive applications, will be a substantial

75 Johnson, op. cit., footnote 3, pp. 187, 179.
76 The Cable Television Consumer Protection and Competition Act of 1992, Public Law No. 102-385.

77The Federal Communications Commission undertook several actions in response to congressional mandate in the act. See Federal Com-
munications Commissiommplementation of Sections 12 & 19 of the 1992 Cable Act—Development of Competition and Diversity in Video
Programming Distribution and Carriag&irst Report and Order, MM Docket 92-265, adopted Apr. 1, 1993; A8 Tal Assessmewp. cit.,
footnote 1.

78 FCC,Annual Assessmerp. cit., footnote 1, at para 15.

79Glenn A. Woroch, “The Evolving Structure of the U.S. Wireless Communications Industry,” contractor report prepared for the Office of
Technology Assessment, U.S. Congress, Washington, DC, December 1994. Johnson, op. cit., footnote 3.
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issue for alternative video providers. Satellite serpetitive positions. Satellite TV providers, for ex-
vice providers have said they are capable of andmple, cannot deliver local programming because
will provide HDTV if demand warrants it. Like of technical limitations, are severely limited by
other video providers, however, they are not rushregulations in the number of customers they can
ing to HDTV. From a consumer’s standpoint,deliver network programming to, and will not
HDTV may be viewed not as revolutionary, but adikely be able to offer true video-on-demand due
an upgrade—like color television. Because det0 capacity constraints. MMDS providers will
mand for HDTV is so uncertain, some analystdikely continue to have fewer channels compared
have called on the FCC to rethink its policies toWith their cable and satellite rivals. Individual
ward it80 broadcasters, too, will only be able to offer a lim-

Interactive services are also likely to pose dt€d number of video channels—even the aggre-
competitive challenge for the video providers dis-9ate of all local television stations’ digital
cussed in this section. Today’s companies are prhannels will be unable to match the hundreds of
marily one-way providers of entertainmentchannels offered by cable and DBS.
programming. Cable companies, however, are Another technical constraint for MMDS,
rapidly positioning themselves as information LMDS, and most satellite providers is the limita-
service providers as well. For example, several ofions of line-of-sight transmission. The number of
fer Internet access—something one-way service@eople that can actually be served by wireless sys-
cannot do. It seems likely that the market fort€ms may be considerably less than first thought
multichannel video programming will splinter as due to these physical constraints. Technology ad-
different technology systems exploit their Vances and better engineering are expected to al-
technology and regulatory status, but it is still unJéviate some, but not all, of the limitations of
clear which of these providers might begin to offedine-of-sight systems.

interactive services and when. Many alternative video programming provid-
ers are also affected by restrictions that have

been placed on receiving antennas and dishes. De-
_spite FCC regulations preempting local zoning or-
plinances and rules, many localities and home-

technology or the upgrading of digital capabilitiesowners_ as_sour?ltlons continue '[10 enact Iocal_ regu-
to improve capacity and service. Because modftions in violation of FCC rulel: Chapter 8 dis-
systems are up and running (or are expected to [5/SS€S these issues in more detail.
soon), technical concerns are not expected to sub-
stantially slow or stop the development of newintegration and concentration issues
services. Providers’ use of different technologiesThe economics of the wireless video program-
however, entail limitations or restrictions on whatming industry will not be fully discussed here.
the systems can do and the services they can off&ather, this section will identify some of the is-
Such differences are the basis of the competitiveues that may affect the industry as it matures. Po-
diversity of the industry. licymakers are concerned about the extent to
As the industry matures, technical and regulawhich the competition and the diversity it implies
tory differences will become more important. Pro-can be sustained over the long term. Because it is
gramming limitations—due to lack of capacity or still a young industry—many services are not op-
regulation—may hamper some providers’ com-erating yet—it is difficult to determine what it will

Technical constraints
Today, the primary technical challenge facing vid
eo service providers is the conversion to digita

80 Johnson, op. cit., footnote 3.
81 FCC,Annual Assessmerip. cit., footnote 1, para. 76.



Chapter 5 Broadcast and High-Bandwidth Services | 161

look like in five or 10 years. Costs, revenues, andersity and quality of services could decline, and
future plans generally are closely guarded secretsverall prices could rise. Policies that are procom-
As aresult, even getting a baseline of data to worgetitive now—to allow wide latitude in mergers
from is difficult. and acquisitions—could turn out to be anticompe-
During the next five to 10 years, it is likely that titive in the long run. Again, the immature state of
the industry will continue to grow, adding new en-the industry makes analysis highly speculative.
trants as new companies emerge. Beyond abo&irms will merge or not based on the economics of
five years, it also seems likely that consolidationsndividual situations that have not yet developed.
and mergers among some industry players will in-
crease. Consolidations already have been seenliterconnection issues
the MMDS market, and analysts expect other inThe extent to which the wireless video service
dustries to follow suit as they matifi€Mergers  providers discussed in this section will intercon-
also are likely between various wireline and wire-nect or interoperate with other parts of the NIl will
less carriers, if regulations permit, and wirelineonly be determined over time—absent govern-
carriers are investing in MMDS providers. ment intervention to require specific levels and
Such combinations, however, may have botlkinds of interoperability. The systems now func-
short- and long-term negative effects. In the shortion primarily as the final delivery (one-way) link
term, horizontal integration between directlyto consumers and businesses. In this regard, their
competing firms, such as in the DBS industry,connections to the NIl may be quite limited. The
could reduce the level of competition in individual NIl would serve as a resource base—or a back-
markets—whether or not this is harmful would bebone—for supplying the information or entertain-
determined case-by-case. Because most markatgent that is then sent on to customers. It seems
do not have multiple providers of the same serlikely that the cable/telephone networks will serve
vice—currently each area tends to have one cabkes an important way for video service providers to
service, one MMDS (if that), and several localget programming in addition to the satellite deliv-
broadcasters—the more important potential probery systems that already exist. Very little informa-
lem is mergers between indirectly competingtion if any is likely to travel back through the NIl
firms, or firms that provide not the same servicecore from the users of these systems.
but a close substitute. For example, cable and If these services become two-way or interac-
DBS, DBS and MMDS or LMDS, and telephonetive, however, their integration with other net-
companies with any of these. Because of theseorks is likely to be greater. One-way
concerns, cross-ownership restrictions currentlyproadcasting systems, for example, may be rela-
exist between cable and MMDS (and SMATV) tively isolated from other communications sys-
providers. However, no such restriction exists betems now, but may link up with interactive
tween cable and DBS, and the local telephonerogramming provided by the Interactive Video
companies are reportedly interested in LMDSData Service (IVDS). DirecTV/USSB is also pri-
technology. marily one-way, but gathers billing data over
In the long term, the ultimate outcome and exphone lines. In the future, real-time interactive
tent of this trend are unclear, as are the final imservices may also be provided through such com-
pacts. It is conceivable that, if cross-ownershigbinations. The next generation of DBS could add
became widespread across the various segmerata element of interactivity by allowing users to
of the video programming industry, both the di-download large amounts of information—mov-

82|n the DBS industry, for example, one analyst believes that after four to five companies enter the market over the next three to five years,
they will begin to consolidate. Michael Alpert, Alpert and Associates, personal communication, Mar. 23, 1995.
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ies, for example—that they could then use as thegable television, MMDS, and DBS services. In the
wish. Such developments depend on continuinduture, LMDS technology may be able to deliver
advances in memory technology (movies requiréelephony and interactive data services as well.
large amounts of storage) and declining costs. Proponents believe that the high-bandwidth capa-
It is also conceivable that wireless program-bilities of the system, combined with its interac-
mers could eventually concentrate more on protive potential, make it a natural extension of the
gramming, and become less involved in theNIl. Currently, only one provider, CellularVision
distribution side of the business. In the futureof New York, is offering commercial video pro-
what are now wireless companies ironically maygramming service, serving about 200 customers,
come to depend on the wire-based NIl backbonbut 12 other companies have received experimen-
to deliver some or all of their programming. In ad-tal licenses$3
dition to their broadcast operations, for example, LMDS proponents plan to use frequencies in
broadcasters could move their products ovethe 27.5-29.5 GHz band (line-of-sight is required)
many competing delivery systems includingand low-power transmitters in a cellular-like ar-
cable, MMDS, and the public switched telephonaangement to deliver up to 50 channels of analog
network (PSTN). one-way video programming (figure 6 For
about $30 a month, customers can receive local

EMERGING HIGH-BANDWIDTH SERVICES broadcast stations, as well as popular enhanced

In addition to the services described above, a newogrammmg, such as ESPN, movie channels,

class of entertainment/information service pro—gﬂdoﬁzigfé;;gga?giqgffﬁt%eg gglstg\i’tve:gsfjm_
vider is emerging—one that is capable of deliver—min to each individual cell site betwerzen gt]hree
ing a wider range of high-bandwidth, even g

interactive, services. Only one of these services i nd 12 miles in diameter—which then retransmits

operational, and all, in fact, are still vying for : tecf[rzugﬁf;bzrrzahgfnleg Og ?gsé (t)% c():ove;?errr;]aﬁgr
spectrum before the FCC. They represent a mix Ovrf/]o Idptake between 20 and 40 fransri?t?er Sifes )
local and national services targeted at both bUSLI-_ u . . . . '
S his configuration allows the provider to tailor the
nesses and individuals. . :
coverage areas of each transmitter to provide the
L L . best possible service. At the subscriber’'s home, a
[J Local Multipoint Distribution Service small antenna (there are several designs, including
(LMDS) small dish antennas and 6.5-inch-square flat pan-
LMDS, also known as cellular television, is beingels) on a windowsill or roof connects to the user’s
developed primarily as another alternative tatelevision.

83|n January 1991, the FCC granted Suite 12 Group (now CellularVision of New York) a license to provide LMDS service in the New York
City metropolitan area. Service began in June 1992. Since that time, the FCC has received over 971 applications to build similar systems across
the country.

84 Each channel is very wide—20 MHz. Using a special transmission technique (opposite polarization of signals), proponents and the FCC
believe that the number of channels can be doubled—each original channel matched by a new one. These new channels could be used to carry
more video programming or interactive services.

85B.J. Catlin, ed., “Wireless Cable TV FAQ,” unpublished paper, Colorado State University, Department of Computer Science, May 3, 1994
(rev.).

86 Egan, op. cit. footnote 25, p. 37.
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FIGURE 5-4: Local Multipoint Distribution Service System
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In the future, proponents plan an even wider
range of services, including more video channels,
telephone services, and various interactive ser-
vices.” System capacity could be at least doubled
by using digital compression technology and dif-
ferent transmission schemes. This extra capacity
would then be used for new channels or services.
By combining the wide (20 MHz) LMDS

channels with interactive capabilities (LMDS sys-
tems can offer interactivity by inserting return-
path communication channels between the video
channels),“LMDS proponents envision deliver-
ing applications such as video-on-demand, video-
conferencing, telephone service, and various data
services, including computer networking to
homes and businesses.” These applications are

“ Except where noted, the services and applications discussed in this paragraph are from the Federal Communications Commission, op.

cit., footnote 2.

*Return channels will use opposite polarity signals to avoid interfering with the video programming.

*Texas Instruments presentation to OTA staff, Nov. 9, 1994.
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expected to serve distance education, telemed& proceeding to consider redesignating the band
cine, and a number of business communicatiofor shared use by LMDS and satellite providers.

needs. Providers of rural telephone and broadcashs part of that process, the FCC convened a Nego-
ing services have also expressed an interest trated Rulemaking Committee (NRMC), consist-

LMDS as a way of serving remote customers. Proing of representatives from all interested parties,
ponents claim that the systems will be able to ado develop consensus on the technical rules for
commodate future digital communications sharingthe 28 GHz band. The NRMC, after weeks
advancements, including HDTV. of difficult debate, was unable to agree on a shar-

LMDS offers a number of potential advantagesng plan, and some participants believe that shar-
over competing video delivery systems, primarilying is impossible. The FCC will now make its own
stemming from its point-to-multipoint cellular ar- decision based on the information provided
chitecture. First, construction costs are lowethrough the NRMC and the normal rulemaking
compared with satellite systems, and savings caprocess. A decision is expected sometime in late
be passed on to consumers in the form of lowet995.
monthly bills?0 Costs can also be spread out over
time as the system increases its service area (thisisNew Satellite System391
different from the PCS/cellular model where mo-
bility requirements mean that broad coveragépaceway
areas are much more important at system startugjlughes’ Spaceway system plans to offer high-
Second, the cellular-like architecture allows thespeed, high-quality data, video-telephony, and
system to be built quickly and implemented invoice services to fixed sites, including homes with
areas with the highest potential demand—sitepersonal computers, telecommuters, and busi-
can be added as needed. Finally, the cellular deesses. Hughes predicts applications—including
sign makes the system very spectrum efficient bemedical image transfer; connecting to online ser-
cause frequencies are reused in each cell. Thigces, such as America On-Line and Prodigy; as
reuse also increases the capacity of the systemsegll as personal video-telephony—uwiill drive de-
which is greater than MMDS but less than DBS.mand for their service. Spaceway will also be ca-
DBS, however, cannot match the interactive serpable of providing basic voice service to remote
vices provided by LMDS. regions on a global basis.

The rules and regulations that will govern The Spaceway system ultimately will employ
LMDS are currently being determined at the FCCconstellations of satellites in each of six orbital
The 28 GHz band being used by LMDS is currentiocations?? Its design will utilize intersatellite
ly allocated to FSS, and the satellite communitylinks to provide global communications, much as
would like to use the spectrum for a number of aptridium plans. Spaceway will use Ka-band fre-
plications. To resolve the conflict, the FCC begarguencies to deliver these services, and Hughes

90 Alpert and De Sonne, op. cit., footnote 65. This is true, of course, only on a local basis; to achieve comparable national coverage to a
satellite system, costs would be substantially higher.

91| oral Corp. announced in May 1995 that it would be providing services similar to the systems described. The CyberStar system would use
a single satellite to provide high-speed data communications to support video conferencing, computer networking, distance learning, and other
applications. The system is estimated to cost $500 million, and company officials plan to begin service to all 50 states in 1998. Jeff Cole, “Loral
Plans a Data Service Using SatelliteRjie Wall Street JournaMay 3, 1995, p. B5.

92Hughes plans to launch its Spaceway system in two phases. The initial phase will consist of nine satellites, two in each of the four orbital
planes and one interconnection satellite between North America and Asia-Pacific. Hughes anticipates operation of the first phase by the year
2000. The second phase will introduce two additional satellites in the four orbital planes and keep just one interconnectional satellite between
Asia-Pacific and North America.
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will offer interconnection to the PSTN through way terminals serving groups of users. Teledesic

terrestrial operations control centers. Users wilblans to offer a variety of end-user terminals to ac-

have to purchase their own sending and receivingppmmodate various user needs, with the upper end
equipment. allowing bit rates of 1.2 Gb¥.

Teledesic Issues and Implications
Teledesic’'s proposed system of low-Earth-orbitThe primary issue facing the industry is the alloca-
(LEO) satellites is singled out because it differstion of spectrum for the various service providers.
from the other “big” and “little” LEO systems in Rules regarding what frequency bands the sys-
both scale and the services it hopes to deliver. Items will use and how much bandwidth they will
its original FCC application of March 21, 1994, get are yet to be determined, and the FCC has
Teledesic applied to provide fixed satellite ser-delayed any decisions on operating rules until the
vices in the United States and abroad; in late 199dpectrum issues are resohM®dLMDS propo-
the company amended the application to includeents are fighting to gain full access to spectrum
mobile services provided outside the Unitedin the 28 GHz band, while various U.S. satellite
States?3 According to FCC regulations, Teledes-service providers also want to use the b¥fiithe
ic cannot provide mobile services in the UnitedNational Aeronautics and Space Administration
States in the bands it is currently seeking. (NASA), for example, is currently using this band
Teledesic plans to offer telephone, high-speedor its Advanced Communications Technology
data, and video services in the United States t8atellite (ACTS) experiments, which it launched
fixed users, and these same services to both fixad 1993 at a reported cost of $1 billion. Other satel-
and mobile users outside of the United States. THae providers, including Hughes and Teledesic,
company also expects to offer full interconnectiorare developing satellite systems that would also
to the PSTN with access to the various online setsse the band. Finally, several of the LEO satellite
vices, such as Compuserve. Teledesic plans ®ystems are supposed to use this band to provide
market its network to other service providers inmobile satellite services (see chapter 3). The tech-
the United States, acting as a wholesaler of senical, service, and other regulatory uncertainties
vices rather than selling directly to the end-userghat flow from this unknown outcome have seri-
The Teledesic system design calls for a constebusly slowed LMDS development.
lation of 840 satellites in low earth orbit, roughly The FCC has indicated that it intends to allo-
621 miles above the earth. Satellites will use theate spectrum to all these potential services as part
internationally allocated Ka FSS band. The netof its overall mission to encourage the develop-
work will feature intersatellite links using fast ment of competitive systems that will bring new
packet switching technology, a ground compo-services to the public as quickly as possible. It
nent composed of end-user terminals, and gatetow appears, based on the conclusions of the

93Teledesic CorpAmendment of Application of Teledesic Corporation for Authority to Construct, Launch, and Operate a Low Earth Orbit
Satellite System in the Domestic and International Fixed Satellite Sérefoee the Federal Communications Commission, File No. 22-DSS-
P/LA-94, Dec. 30, 1994.

94 Teledesic CorpApplication of Teledesic Corporation for a Low Earth Orbit Satellite System in the Domestic and International Fixed
Satellite Servicehefore the Federal Communications Commissfgashington, DC, Mar. 21, 1994.

95 All other issues pertaining to establishment of LMDS will await development of frequency coordination and sharing criteria for space and
terrestrial services and technical parameters for the service. Federal Communications Commission, op. cit., footnote 2.

96 The band is currently allocated only to point-to-point services, but LMDS services have been operating in the band on a waiver of existing
rules. For a summary discussion of the various satellite proposals, see Federal Communications Commission, op. cit., footnote 2.
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NRMC, that sharing is not a viable option, givenperimental use—moving LMDS operations to
today’s technology. LMDS systems would inter-another band also seems to be a viable option, and
fere with satellite systems and vice versa. Givenhe 40 GHz band, which is now part of a realloca-
these factors, the FCC has essentially three oion proceeding at the FCC, is one possibfitty.
tions: 1) divide the spectrum between the variou®©ther countries are developing systems similar to
systems; 2) move LMDS operators to anotheLMDS in these bands, although Latin American
band; or 3) move satellite operations to anothecountries reportedly are experimenting in the 28
band. Existing use of the band by NASA's ACTS,GHz band. If either group of users is forced to relo-
and the varied uses of the band already proposexte to other frequencies, systems will have to be
by satellite interests, appears to make the third ogeengineered, increasing costs and time to mar-
tion the least likely. Dividing the spectrum be- ket2°
tween the proponents probably could be done Although these new systems have some way to
technically, but all future services likely would go before they begin full-scale operation, they
suffer from spectrum shortages and capacityepresent the best efforts to date to replicate the
constraint®’ Systems may have to be reengine{ull range of services proposed for the NII. If such
ered. In addition, since the LMDS spectrum is toservices eventually begin operation, they have the
be auctioned, and the value of the licenses is clospetential to meet the bandwidth requirements of
ly tied to the amount to be offered, companies carmany, if not most, users, and to extend the reach of
not plan auction strategies until such concerns at@igh-bandwidth services to all areas of the coun-
worked out. try, regardless of location. The technical and regu-
Because only one operator is currently usindatory hurdles that must be overcome, however,
the band—although there is more extensive exare substantial.

97 This conclusion is premised on today’s technology. Future developments in compression technology and spectrum-sharing methods

could make band segmentation and spectrum-sharing possible.

98 Federal Communications Commissidmendment of Parts 2 and 15 of the Commission’s Rules To Permit Use of Radio Frequencies
Above 40 GHz for New Radio ApplicatipiS Docket 94-124, released Nov. 8, 1994.

99 Although the band is currently lightly used for satellite services, the time and costs of relocating satellite operators is unknown, because
many of the systems involved are still under development and costs are closely guarded. The record on whether such a move is feasible or

practical for LMDS is similarly unclear, but generally seems to indicate that such a move is possible, if potentially costly. “Commenters Like
FCC Proposals To Open Above-40 GHz Band3elecommunications Repariml. 61, No. 5. pp.19-21, Feb. 6, 1995.



As wirdess technologies and systems are
deployed, a host of technical, legal, and socid is-
sues will need to be addressed. Some will be ame-
nable to marketplace solutions; others will not and
will require a policy response. The policymakers
task is complicated because the implications of
ubiquitous wireless information services are
poorly understood due to uncertainties in technol-
ogy, user demand, and regulation. The greatest un-
known in the rollout of the National Information
Infrastructure (NH) and wireless services is what
type of implications the NIl generaly, and wire-
less technologies specifically, will have for people
and businesses. In addition to the technical prob-
lems associated with the wide—scale use of radio-

Part C:

| ssues
and
|mplications

based communications, there are aso likely to be
a host of administrative and social problems
associated with wireless that must be addressed.
Chapters 6 through 12 survey the various issues
and implications associated with the widespread
use of wireless technologies.

. Standards and Interoperability

. Regulation of Interconnection

«» Zoning Regulations and Antenna Siting

« Wireless Technologies and Universal Service

« Privacy, Security, and Fraud

« Hedlth Issues

. Electromagnetic Interference and Wireless
Devices



Standards
and
Interoperability 6

oday’s telecommunications and information infrastruc-
ture consists of many independently operated networks
and systems, including the telephone network, cellular
systems, cable television systems, broadcast radio and
television networks, and various satellite and data com-
munications systems. Some of these can connect and exchange
information, while others cannot. The National Information In-
frastructure (NII) initiative was designed to bring together these
various networks—and a variety of new services—into a seam-
less network of networks that would allow users to send informa-
tion across systems easily and efficieftinn order for this to
happen, different networks must be interconnected and interoper-
able. Standardized interfaces and connections will be critical in
bringing this about and allowing the NIl to develop. This chapter
describes the technological requirements for building a seamless
and integrated infrastructure that includes both wireless and wire-

line networks.

FINDINGS

= A proliferation of wireless voice technologies and stan-
dards is leading to a patchwork of potentially incompatible
systems that may make it more difficult for some mobile
telephone users to “roam” outside their home system, or to
easily switch service providersUntil the early 1980s, the
Federal Communications Commission (FCC) played an active

1 U.S. Department of Commerce, Information Infrastructure Task Force, “The Na- | 169
tional Information Infrastructure: Agenda for Action,” Sept. 15, 1993, p. 7.



role in standards-setting, specifying the tech-
nologies that licensees were required to use.
For example, all cellular licensees were re-
quired to use a technology called Advanced
Mobile Phone Service (AMPS). During the
past decade, however, the FCC has largely
withdrawn from standards-setting for wireless
communications. Today, the FCC usually
leaves it to industry to decide whether there will
be a standard and which technology will be
chosen as the standard. The FCC is following
this approach for Personal Communications
Services (PCS) and digital cellular air interface
standards.

Various industry groups tried to settle on a
single standard for PCS and digital cellular ser-
vices, but were unable to reach agreement. In-
dividual carriers are now choosing the
technology standard/system they will deploy
from among several contenders. Many cellular
carriers have announced their technology
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into the NII, but pose no insurmountable ob-
staclesWireless carriers have a clear incentive
to ensure that their networks are interoperable
with wireline networks because their custom-
ers want to be able to call users of the landline
network, access the Internet, and download in-
formation from online services. If wireless us-
ers were unable to communicate with the much
larger number of wireline users, wireless net-
works would not survive in the marketplace.
However, there are technical challenges that
must be overcome. Most of today’s networking
protocols were developed for wireline net-
works and do not work well in the more chal-
lenging radio environment. Because it is often
necessary to use specialized protocols in wire-
less networks, interoperability cannot be
achieved unless the wireless carrier makes pro-
vision for a translation between wireless and
wireline protocols to occur at the interface.

choice, but most PCS carriers have not. Among] Options

the carriers that have announced Which, orqer to encourage the more orderly integration
technology they will use, there is no consensusyt yireless technologies into the NIi, Congress
two different cellular technologies will be g several broad options. One is for Congress to
deployed, and it appears that at least three difspcqrage the FCC to play a more active role in
ferent PCS technologies will be used. As a régngring that cellular and PCS carriers do not
sult, there is a danger that incompatibleyenioy “multiple technologies. However, the
systems will make it more difficult or impossi- pcc's current approach allows considerable flex-
ble for some users to make and receive calls gfjjity in the service offerings of carriers and spurs
they travel from city to city. a continuing competition among technologies. It
The final impact on customers of the de- 5 ¢onsistent with the trend toward deregulation
ployment of multiple standards is not yet anq competition that individual carriers be al-
clear. To some extent, carriers are coordinatingayed to choose the technology that they believe
their technology choices with carriers in othery give them a competitive edge. Moreover, it
regions. Carriers are also acquiring additionalyqyd be difficult for the FCC to reverse course at
licenses to enlarge their service areas, allowing,is time. Manufacturers have invested in devel-
them to provide expanded roaming without the, ing their systems and service providers have be-
need to coordinate technology choices withy,n making their technology choices.
other carriers. At least three carriers plan to pro- Congress may still wish to hold hearings and
vide near-nationwide service to their custom-,qnitor the process closely. The technology
ers. Consumers and businesses will have tgg|ection process for digital cellular and PCS can
shop carefully for the next generation of mobileye yiewed as an experiment that will show wheth-
Services. er interoperability can be achieved in the de-
Technical challenges and incompatibilities centralized and competitive telecommunications
may slow the integration of wireless systems industry of the future. Moreover, the federal gov-
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ernment, as a user, may want to ensure that seatechnology that all service providers agree to
less nationwide services are available to suppodeploy. In the past, because of the value to con-
its activities. Through their procurement deci-sumers of interoperability, the FCC played a ma-
sions, federal agencies may be able to encouragar role in ensuring that wireless network

carriers to coordinate their technology choices andperators deployed a standard technology for the

create a seamless network. radio link between the network and the (ser.
However, a new model has emerged in which gov-

THE WIRELESS STANDARDS-SETTING ernment leaves it to “the market” to decide wheth-

PROCESS er a standard technology is required and what it

In wireless networks, as in all networks, there aré“”II be.
many pieces that must work together to ensure
seamless communications. From the user’s pef-] The FCC Standards Process
spective, the most important connection is the rabntil the early 1980s, it was generally accepted
dio link between the service provider’s transmitterthat FCC involvement in wireless standards-set-
and the user. The user’s equipment must be able timg was in the interest of the public and the indus-
understand the radio signals transmitted by théy.3 The alternative—the deployment of different
service provider’s network, and vice versa. Fortechnologies by different service providers—was
example, televisions must be able to decode theonsidered too chaotic, and there was a fear that
signals broadcast from television stations and cetechnology development would be slowed if con-
lular phones must be able to send signals througbumers were uncertain about which of many com-
the air in a format that the cellular network under{peting technologies to buy. Setting a standard was
stands. also thought to create the certainty that the indus-
It is sometimes sufficient that user equipmentry needed before it would make the potentially
work with only one service provider’'s network. large investment in manufacturing and deploying
For example, wireless data users can obtain na new technolog§.FCC-selected standard tech-
tionwide coverage from a single carrier—theynologies are still used in many segments of the
may have no need for a modem that works witlwireless communications industry, including ra-
several carriers’ networks. For other servicesdio, broadcast television, and cellular telephony.
however, users may want to be able to access dif- In setting a standard, manufacturers would pro-
ferent networks with the same device. For exampose different technologies for adoption, and the
ple, cellular users can use cellular systems all ovétCC would compare them—often by means of a
the country because their phone is interoperableompetition. The FCC would then select the
with the visited carrier’s network. Television sets“best” technology and designate it as the standard
can receive signals from different stations as welthat had to be used by all service providers. Much
as from cable and satellite services. of the actual work involved in testing and compar-
One way to guarantee that user equipment wiling the candidate systems was done by commit-
operate with several service providers’ systems itees established by the FCC, but the ultimate
to develop an industry standard—a commordecision was made by the FCC itself.

2U.S. Congress, Office of Technology Assessn@lubal Standards: Building Blocks for the Futu@TA-TCT-512 (Washington, DC:
U.S. Government Printing Office, March 1992).

3 Mark J. BraunAM Stereo and the FC@orwood, NJ: Ablex, 1994), p. 10.

4In its proceeding on high definition television (HDTV), the FCC observed that “establishing a standard may overcome audiences’ and
broadcasters’ reluctance to investin ATV technology by increasing the amount of programming available to audiences and ensuring that receiv-

ers will be compatible with broadcast signals.” Federal Communications Commi&sitatjve Decision and Further Notice of Inquiry, Ad-
vanced Television Systems and Their Impact on the Existing Television Broadcast $&®iCeRcd 6535 (1988).
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An important benefit of FCC standards-settingCommission had first tried unsuccessfully to set
was that the chosen technology had to be licensete standard itseff.
on equitable terms to other manufacturers, allow- The notable exception to the FCC’s new policy
ing competition in the manufacture of equipmentof leaving technology choices to the market is
to develop. Furthermore, the standard created ligh Definition Television (HDTV), for which
large national market, attracted competitors, anthe FCC followed the old model of establishing an
created manufacturing economies of scale. Thiadvisory committee and organizing a competition
competition also led to significant innovations in between proponent technologies. There are sever-
equipment and services. For example, competial reasons why the FCC may have decided to play
tion among the many manufacturers building tca more active role with HDTV. First, there was
today’s AMPS standard has led to cellular phonegreat political pressure to develop a national
that are dramatically smaller and less expensivehampion technology that could compete with
than those available when cellular service begarsystems developed in Japan and Eufpecond,

Beginning in the early 1980s, however, thethere was no interest on the part of broadcasters in
FCC has withdrawn from most standards-settingeploying anything other than a standard technol-
activities. The Commission will not, for example, ogy. Third, there were severe constraints on the
select a standard for the next generation of cellulgfeedom that designers could be allowed, given
telephones or for PCS. This change in direction ighe need to squeeze the HDTV signal into unused
part of the trend towards deregulation in thechannels. Fourth, pressure from Congress to
1980s. One component of telecommunicationgyoid multiple standards may have played a role
deregulation is giving service providers the free4n preventing the FCC from leaving the choice to
dom to select the technology that they believe willhe markef. The HDTV standards process is de-

attract the most customers. According to proposcribed in more detail in chapter 5 and in box 6-1.
nents of this approach, consumers benefit from

having a range of technology choices and als
benef?t from gservice proviggrs’ flexibility to %] The Marketplace Approach
introduce new technologies as they become availf the government does not set a standard, then the
able. private sector decides whether there will be a stan-
But the FCC withdrawal from standards-set-dard and which technology will be chosen. The
ting is also the result of practical considerationstelecommunications industry often uses standards
In many cases, it was difficult for the Commissioncommittees to determine a common technology.
to determine which of the contenders had develCommittee-developed standards have many of
oped the “best” technology. The process was oftethe same advantages as a government-selected
long and contentious because the contending tecktandard. For example, network operators all
nologies were often quite similar in their perfor-deploy the same technology, reducing confusion
mance, making it difficult to assemble a rationalefor consumers. In addition, as with government-
for the choice that was sufficiently solid to pre-selected standards, a committee-developed stan-
empt lengthy litigation by the losing proponents.dard is not proprietary. All manufacturers are free
With AM stereo, the first technology for which the to build to the specification contained in publicly
FCC left standards-setting to the market, thevailable standards documents. Companies par-

5 Braun, op. cit., footnote 3.
6 See, for example, William D. Marbach et al., “Super TelevisiBaginessWeekjo. 3089, Jan. 30, 1989, pp. 56- 63.
7 Braun, op. cit., footnote 3.
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BOX 6-1: Interoperability of Video Services

One issue that has attracted considerable attention is the interoperability of video services. There is
growing recognition that video is no longer synonymous with broadcast television, but is an important com-
ponent of many industries and can be delivered by a variety of media, both wired and wireless. Interoper-
ability, in this context, means the ability to use the same video equipment and standards for as many of
these applications and media as possible.' This lowers the cost of equipment and makes it possible for
users to receive information from a variety of sources.

Government plays a special role in ensuring video interoperability because the FCC is leading the
selection of a High Definition Television (HDTV) standard. While the FCC will only mandate a standard for
broadcasters, the Commission has recognized that the selection of an HDTV standard will have significant
implications for other industries. Through the committee structure that was established by the FCC, com-
puter, cable, and other industries have attempted to push the broadcasters toward a technology that takes
their needs into account. In fact, the HDTV system under development is compatible with the international
MPEG-2 framework,’which has been adopted by the new DBS services, the LECs for their new video
dial-tone networks, and many players in the cable industry.

A remaining issue is whether the broadcast industry should be required to broadcast programming in
interlace mode or progressive mode. Current televisions display in interlace mode, in which alternate lines
of the screen are scanned in each frame. Progressive mode, in which each line is scanned every frame, is
considered by many to be more suitable for display on computer monitors. The computer industry has
campaigned for the inclusion of this capability in the terrestrial broadcast system for HDTV While it now
appears that the standard will permit progressive-scan broadcasts, the FCC still has to determine whether
broadcasters will be required to use this capability (see chapter 5).

For a discussion of video and the Nil, see Technology Policy Working Group, Committee on Applications and Technology, In-
formation Infrastructure Task Force, “Advanced Digital Video and the National Information Infrastructure,” Feb. 15, 1995

*MPEG is the Motion Picture Experts Group, an international standards committee that is developing standards for video com-
pression,

SOURCE: Office of Technology Assessment, 1995.

ticipating in the activities of a standards commit-
tee usually have to agree to license, on reasonable
and nondiscriminatory terms, any of their technol-
ogy that is included in the standard.

However, the participants in industry standards
committees do not always agree on which
technology should be the standard. Manufacturers
work to promote the technologies that they have
developed, and campaign against those that other
companies have developed. There is no mecha-
nism for ensuring that agreement will be reached
quickly or at dl, and the process of developing and
agreeing to a standard can often take many years.
Moreover, the existence of a committee-devel-
oped standard does not guarantee that it will be the

only technology that is deployed. In contrast to an
FCC-selected standard, a committee-devel oped
standard is voluntary. Manufacturers may choose
to sell, and service providers may choose to
deploy, a different, proprietary technology. Final-
ly, it is possible that different standards commit-
tees will produce contending standards.

If standards committees fail and multiple
technologies are manufactured, the market still
has an opportunity to create a de facto standard.
Service providers and others who are responsible
for choosing from among the contending technol-
ogies may eventually converge on a single
technology. This is what happened with videocas-
sette recorders, as the VHS technology gradually
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BOX 6-2: Proprietary Interfaces and Lock-in

GSM specification is over 5,000 pages long.

SOURCE: Office of Technology Assessment, 1995.

In the cellular systems deployed in the United States, the interface between cellular switches and base
stations is proprietary. Switches only work with base stations built by the same manufacturer. If network
operators choose to change suppliers for one component of their network, either the switch or base sta-
tions, they have to rebuild the whole system. This tying was of concern to the Department of Justice (DOJ)
when it evaluated AT&T’s acquisition of McCaw. Because cellular companies that used AT&T equipment
were to a certain extent locked in, the DOJ felt there was a risk that AT&T could hurt a competing carrier by
delaying development or delivery of equipment or software, and imposed several safeguards. *

By contrast, in the European cellular standard, GSM, the switch to base station interface is not propri-
etary-base stations and switches from different manufacturers can work together. In fact, the use of open
interfaces is a basic principle of GSM. The GSM standards committee unbundled all important network
functions and defined open interfaces between them. Because of the number of interfaces involved, the

'U.S. Department of Justice, “Proposed Final Judgment and Competitive Impact Statement; United States of America v. AT&T
Corp. and McCaw Cellular Communications, Inc. ,“ notice, Federal Register 59(165):44158, Aug. 26, 1994 at 44168, 44172.

took over the market.’Although in the early
stages of the marketplace process, limited inter-
operability and customer confusion may slow the
convergence to a single standard; because inter-
operability is so valuable to users, situations in
which multiple incompatible technologies are
marketed are often transient.

In addition, it is possible that the de facto stan-
dard will be a proprietary technology, limiting
competition among manufacturers and keeping
equipment prices high. Proprietary interface stan-
dards enable manufacturers to lock in future sales
in an adjacent market: if an interface is propri-
etary, equipment can often connect only to other
equipment made by the same manufacturer. For
example, the subscriber equipment that works
with the new high-powered DBS service is cur-
rently only available from one manufacturer and
cellular base stations usually work only with

switches made by the same manufacturer (see box
6-2).

Europe and Japan have not followed the new
U.S. model of standards-setting. They also rely on
standards committees, but their governments do
not permit the deployment of multiple technolo-
gies. This creates an incentive for committees to
come to agreement. In Europe, strong centralized
standards-setting is viewed as essential to knitting
together disparate national networks. In the first
generation of analog cellular service, different
technologies were deployed in different parts of
Europe, and some technologies were deployed in
only one country. It was impossible for a user to
roam outside their home country and difficult to
achieve economies of scale in the manufacture of
cellular phones. To avoid arecurrence of this
problem, the European Union launched a coordi-
nated effort to develop a European standard for

*For an economic analysis of this phenomenon, see Michael L. Katz and Carl Shapiro, “Technology Adoption in the Presence of Network
Externalities,” 'Journa of Political Economy, vol. 94, No. 4, 1994, pp. 822-841.
° After the first million units are sold, however, a second company will begin selling equipment.
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next-generation digital cellular. This system, the In the PCS industry the situation is much the
Global System for Mobile Communications same. The licensing plan for PCS established two
(GSM), is now being deployed across Europe anticenses in each of 51 Major Trading Areas

in many other countries. (MTAs) and four licenses in each of 493 Basic
Trading Areas (BTAs)—MTAs and BTAs over-
CELLULAR AND PERSONAL lap, meaning that each local area could have up to

COMMUNICATIONS SERVICE STANDARDS six PCS carriers. PCS industry committees also
The development of digital cellular and PCScouId not agree on a standard, and several technol-

technologies is a prime example of how the marpgies are being developed. In both digital cellular

ketplace tries to set standards. It shows thetensid”}_{]CI PC.S’ individual companies will have to de-
between giving competing service providers theCIOIe Wh'ch technol'ogy IS beSt. for them' !B_ecause
freedom to choose their own technologies and th ach carrier h"’.‘s dn‘fergnt b“S'T‘e.S.S priorities, fj'f-
desire for nationwide interoperability. The advan- erent companies are I|ke_ly to initially sele_ct d_'f'
tage of the marketplace approach is that it a“OWgerent standards, maklng _the coordination
carriers considerable flexibility in choosing the problem potentially quite formidable.
services they offer. Moreover, by fostering a com- ] ]
petition among technologies, the less rigid U.S[ Multiple Air Interface Standards
standards-development process may ultimatelffoday’s cellular phones use AMPS for #iein-
lead to a better technology choice than the Euraerface—the radio link between the phone and the
pean approach, which is now locked in to a singléase stationTwo incompatible digital air inter-
technology, GSM. But there is a real danger thatace technologies have been proposed as a re-
different technologies will be deployed in differ- placement for AMPS, one based on Time Division
ent cities, limiting the possibilities for seamlessMultiple Access (TDMA) and the other based on
nationwide roaming. Users may find that they areCode Division Multiple Access (CDMA) (see box
unable to use their phones when away from thei8-3). In the late 1980s and early 1990s, the cellular
home city, contrary to the vision of “anytime, any-industry attempted to choose between the two
where” mobile telephone service. technologies but was unable to reach a consensus
The problem is, in fact, a combination of “no (see box 6-3). As a result, some carriers are de-
standards” and the FCC'’s decision to divide theloying the TDMA system, while others will
nation into many license areas. In developing theleploy the CDMA system.
cellular licensing plan, for example, the FCC PCS operators have also been unable to agree
created 734 cellular license areas—with two li-on a standard. A standards committee established
censees per area. Although some cellular carriets determine which air interface technology
now operate across several areas, the wireless iwould be used in the PCS band only managed to
dustry remains fragmented. With so many compareduce the number of contenders from 16 to seven
nies, establishing seamless nationwide servicésee box 6-4). Two of the proposed PCS technolo-
requires that many carriers across the natiogies are based on the cellular CDMA and TDMA
deploy the same technology. When cellular sersystems, but modified to work at the higher PCS-
vice began in the early 1980s, the FCC solved thisand frequencies. A third PCS technology is
coordination problem by requiring all carriers tobased on the European GSM cellular system, but
use the AMPS standard. For the next generation ahodified to work at the U.S. PCS frequencies and
digital cellular, however, the FCC did not specifyrenamed DCS-1900. The four other technologies
a standard, preferring to let industry committeesvere developed specifically for the new PCS
settle the issue. They could not, and two stanband.
dards—TDMA and CDMA—will be deployed = While the digital cellular and PCS standards
(see below). committees were unable to reach agreement, they



176 Wireless Technologies and the National Information Infrastructure

BOX 6-3: Cellular Standards

vice providers have agreed to adhere to.

SOURCE: Office of Technology Assessment, 1995.

The development of digital cellular standards is the responsibility of a committee of the Telecommunica-
tions Industry Association (TIA) called TR45. In the late 1980s, it appeared that the industry would be able
to agree on a single digital cellular system, based on a technology called Time Division Multiple Access
(TDMA).'But in 1990, Qualcomm, a company based in San Diego, CA, proposed that a second technolo-
gy, called Code Division Multiple Access (CDMA), be used instead.?This proposal was supported by
some cellular carriers, and, in 1992, the cellular industry’s trade association, the Cellular Telecommunica-
tions Industry Association, abandoned the idea of selecting a single technology as a U.S. standard and
asked that TR45 establish a new subcommittee to work on a CDMA system?

TRA45 has developed two U.S. “standards,” the TDMA-based system, referred to as 1S-54, and the
CDMA-based system, referred to as 1S-95. These are standards in the sense that TR45 has written publicly
available specifications that any manufacturer can use to build a conforming system. However, neither
IS-54 nor 1S-95 is a national standard in the way that the current analog cellular system, the Advanced
Mobile Phone Service (AMPS), is a standard: a single specification that all manufacturers and cellular ser-

*Steven Titch, “The Digital Dilemma,” Telephony, Oct. 14, 1991, pp. 33-36.
*Steven Titch and Charles F. Mason, “Digital Cellular: What Now?” Telephony, Feb. 10, 1992, pp. 30-36
*Charles F. Mason, “CTIA Approves CDMA Standards Setting,” Telephony June 15, 1992, p. 3.

will publish specifications for each of the pro-
posed systems. Manufacturers will be able to use
these specifications to build any of the proposed
systems, athough they may have to obtain li-
censes to any patented technology that the sys-
tems incorporate. It does not appear that
manufacturers will try to sell proprietary equip-
ment that is not based on one of the published air
interface specifications. Carriers would be unlike-
ly to choose a proprietary air interface technology
because they would not have as wide a choice of
manufacturers and the future development of their
technology would be in the hands of a single com-
pany.

In part, the wireless industry was unable to
agree on a single technology for either the cellular
or PCS bands because it was difficult to assess the
strengths and weaknesses of the newly developed
systems before large-scale deployment. System
proponents argued at length about the relative per-
formance and technica feasibility of the proposed
technologies. But these arguments were based
largely on theoretical calculations, simulations,

and small-scale tests. None of the proposed sys-
terns had been tested with real world traffic at the
time that the standards committees were deliberat-
ing. There was no conclusive way to evaluate the
claims made by system proponents.

Another significant cause of the industry’s fail-
ure to agree on a single technology was the com-
petitive nature of the wireless equipment industry.
Standards-setting requires compromise; however,
manufacturers who had invested in the develop-
ment of prototype systems and owned intellectual
property rights to the technologies they had devel-
oped tried to prevent rival technologies from be-
ing chosen as a national standard. Although
cellular and PCS service providers played a less
active role in the standards committees, they also
differed in their perception of the features that they
thought their customers would value and in their
evaluation of the contending technologies.

Because the standards committees were unable
to reach consensus, some analysts have suggested
that the FCC should have acted as an arbiter and
selected a standard. However, it is doubtful that an
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BOX 6-4: Personal Communications Services (PCS) Standards

The standards controversies in the 2 gigahertz PCS band are even more complex than those in the
cellular band. At first, two different committees, a new Telecommunications Industry Association (TIA) com-
mittee known as TR46, and T1P1, sponsored by the Alliance of Telecommunications Industry Solutions
(ATIS), were working on PCS standards. ATIS historically has worked on wireline standards for the public
switched telephone network (PSTN), not wireless standards. Its involvement in the development of PCS
standards reflects the fact that PCS was initially viewed as a low tier service that would be integrated to a
greater extent with the PSTN than had been the case for cellular. In 1992, the two committees recognized
the overlap in their work and formed a joint committee, the “Joint Technical Committee on Wireless Access”
(JTe).

A total of 16 technologies were proposed to the JTC for consideration as a U.S. PCS standard. The
committee was only able to reduce the number of contenders to seven; subcommittees are writing stan-
dards for each of these technologies. *One of the main reasons that there are so many more contenders in
the 2 GHz band is that there are different conceptions of what this band is to be used for. Originally, the
PCS band was thought to be for a new kind of wireless technology that would be different from cellular,
Compared to cellular, PCS was supposed to be simpler, use smaller cells and lower power handsets, and
be aimed more at pedestrian than vehicular use. However, many carriers have since come to believe that
the PCS band will be used in much the same way as the cellular band. The diversity of views has made it
even more difficult to agree on a single standard.”

Charles I. Cook, “Development of Air Interface Standards for PCS, "lEEE Personal Communications,vol. 1, No. 4, Fourth Quarter
1994, p. 30.
**The ideal goal of the [committee] would be to arrive at a single air interface that meets the needs of everyone. However, the wide

diversity of potential service providers has caused this to become an unrealistic goal. ” Ibid., p. 31.

SOURCE: Office of Technology Assessment, 1995.

FCC-led competition between the proposed sys-
terns could have resolved the issue sooner, if at al.
The same technological uncertainties and compet-
itive factors that made it impossible for the indus-
try standards committees to select a single system
would also have made it difficult for the FCC.

It is now too late for the FCC to take any action
that could force agreement on a single digital cel-
lular or PCS standard. Manufacturers have begun
to build equipment, and service providers have be-
gun to make their technology choices. If govern-
ment is going to be involved in standards-setting,
it cannot easily step in at the last minute; instead, it
must act early in the process to establish the ex-
pectation that a single technology will be chosen.
In Europe, the development of GSM followed
from a clear objective to create a single standard
that would tie the formerly incompatible national

cellular networks together into a continent-wide
system. Furthermore, the GSM project began at an
early stage in the development of digital cellular,
before manufacturers had a vested interest in any
particular approach.

COMobility Management Systems

In addition to the problem of incompatible air in-
terfaces, a second standards problem—incompat-
ible mobility management technology-maybe a
greater challenge. Cellular and PCS networks use
mobility management technology to connect sys-
tems and exchange information about roamers.
For example, a cellular system can send messages
to a roamer’s home system, informing it of its cus-
tomer’s current location so that any incoming
calls can be forwarded. The switches and other
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network equipment that use a particular air interafforded by digital technology. Other carriers will
face also come with a particular mobility managewait for CDMA, which is still being tested. The
ment technology—when carriers choose their aimaturity of the technology is given special weight
interface technology, they are also choosing a mdsy the new PCS entrants because delays caused by
bility management technology. unforeseen problems with a new technology
Fortunately, all of the cellular air interface would give cellular carriers even more of a head
technologies and most of the PCS-band air interstart in the market. One of the selling points of the
face technologies are usually sold with switcheCS-1900 system is that its GSM and DCS-1800
that use the same mobility management technokousins have been in commercial service in Eu-
ogy, known as IS-41. Users could roam betweerope for several years. American Personal Com-
IS-41-based systems as long as they had multimunications, one of the “pioneer’s preference”
mode phones to overcome any air interfacevinners, has selected DCS-1900 for this reason.
incompatibilities. However, the European Because of uncertainties about the contending
DCS-1900 system is sold with a mobility managesystems’ capabilities and because of differences in
ment system that is not compatible with IS-41their business plans, different carriers are choos-
Therefore, users could not roam betweenng different technologies. Most cellular carriers
DCS-1900 systems and IS-41-based systempave announced their technology choices; Bell
even though it is possible to build a multimodeAtlantic Mobile, NYNEX Mobile, and AirTouch
phone thatincorporates both the DCS-1900 air inplan to deploy CDMA, while AT&T (formerly
terface and a second air interface. This may disyicCaw) and Southwestern Bell Mobile Systems
suade some carriers from choosing DCS-190Gsre deploying TDMA. Among the carriers with
although some manufacturers are trying to make pCSs licenses, most have not yet announced their
possible for the two mobility management sys+echnology choices. However, it appears that two

tems to work together. technologies, the U.S. CDMA system and the Eu-
ropean DCS-1900 system, are attracting the most
[ Carrier Technology Choices interest.
and Interoperability Because there is no clear favorite among the

Because the industry has failed to agree on an digchnologies at this time, there is a risk that a
interface standard, carriers have been evaluatinggtchwork of technologies will be deployed, mak-
the contending systems and trying to determinéng it difficult for users to roam in all cities. The
which technology to deploy. There are significanmpact of multiple standards on roaming depends
risks associated with their technology choice benot on how many technologies are deployed, but
cause the construction of a digital cellular or PC3he pattern in which they are deployed. Some ma-
network requires the investment of millions ofjor players in the wireless industry intend to build
dollars and the wrong choice could leave a carrienetworks with near-nationwide coverage through
at a competitive disadvantage. Among the factorgcquisitions of other carriers, mergers, and al-
of concern to carriers are coverage, capacity, anihnces (see chapter 3). Other carriers are working
voice quality. The most important consideration isto coordinate their technology choice with carriers
the per-user cost of building and operating the nein neighboring regions. These companies or al-
work, because this factor most directly affects diances could then guarantee seamless roaming by
carrier’s ability to compete with its rivals. deploying a single technology throughout their li-

Carriers are also concerned with the technologeense areas. In addition, the technology choices of
ical maturity of the contending systems. For exthese major players will influence the choices of
ample, some cellular carriers have chosen TDMAmaller carriers and thereby determine which of
because itis commercially available and they havéhe contending technologies will survive in the
an immediate need for the greater system capacityarketplace.
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Technological Solutions to Interoperability Because there is no existing common technolo-

To a certain extent, there may be technologica@y in the PCS band, PCS carriers would have to
solutions to the multiple-standard probléfnit ~ €ither use phones that incorporate multiple PCS
may be possible to usaultimodephones that technologies odual-bandphones that incorpo-
work with more than one type of air interface.rate both a PCS air interface and an analog or digi-
However, a multimode phone built with today’s @l cellular airinterface. These dual- or multimode

technology requires additional circuitry that in- Phones would be more expensive to design and
creases the cost and weight of the phone. In the fuild than a single-mode phone, and would take
ture, it may be possible to minimize this penaltylonger to develop. The added cost would depend
by implementing most of the phone’s functions inin part on the degree of similarity between the air
softwarell This approach is the focus of researcHnterface technologies combined in _the phone. It
sponsored by the Advanced Research Project¥ould also depend on manufacturing volumes;

Agencyl2 but the required signal processingthe price of a multimode phone would only be rea-

technologies are still several years away fron$onable if it could be sold in large quantities.
commercialization. Manufacturers are trying to determine which air

Dual-modephones will indirectly allow inter- interface combinations the market will demand, if

operability between cellular companies that2y-

deploy different digital technologies. These

phones will not be TDMA/CDMA phones; Coordinated Technology Choices

instead, they will incorporate AMPS and one ofAlthough multimode technology may provide a
the digital technologies. The AMPS capability ispartial solution to the multiple-standard problem,
being included with all digital phones mainly be- several carriers are taking more direct action to en-
cause it allows users to make calls in areas whesaire that roaming is possible. They recognize that
digital has not yet been deployed—all cellular carnationwide roaming is of value to users and that
riers will continue to support AMPS until most of they will have a competitive advantage if they can
their customers own digital phones. However, useffer nationwide roaming. They are working to
ers who roam into an area that does not employ treordinate their technology choices with carriers
digital technology the user has will be able to fallin other regions. In several cases, a group of carri-
back on AMPS to complete their calls. Fallingers has established an alliance whose members
back to analog incurs a significant performanceagree to deploy a common technoldgyor ex-
penalty; when operating in analog mode, phoneample, US West New Vector, AirTouch, Bell At-
deplete their batteries at least twice as quickly. Ihantic Mobile, and NYNEX Mobile have formed
addition, the continued use of AMPS to supportan alliance that is committed to CDMA.

roamers could slow the transition to more efficient Carriers are also working to expand the area
all-digital networks. that they are licensed to serve, reducing the need to

10“On the other hand, the next generation of mobile radio may well be ‘computers with an RF front end’ with the capability of performing
many signal processing functions. Perhaps different format translations and emulations will be performed by the mobile unit itself so that it can
operate in different modes. Perhaps the mobile unit will be able to be updated to perform new capabilities in the same way that computers today
are updated with new software, expansion boards, and the like.” Federal Communications ConNotsstanf,Inquiry, Advanced Technolo-
gies for the Public Radio ServicdsCC Gen. Docket No. 88-441, Dec. 11, 1989.

11 joe Mitola, “Software Radios|EEE Communicationsjol. 33, No. 5, May 1995, p. 24.

12 Robert J. Bonometti, “Integration of Space and Terrestrial PCS in the Information Infrastrirozegdings of the 1994 Third Annual
International Conference on Universal Personal CommunicatiPiscataway, NJ: IEEE, 1994), p. 455.

13 Gutam Naik, “Alliance Planned for National Wireless Systefing Wall Street JournaNov. 7, 1994, p. A3.
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coordinate with other carriers. One strategy is tdry grants licenses on a nationwide basis to begin
acquire other carriers; there is a clear trend towardiith, guaranteeing nationwide roaming. When
consolidation in the wireless industry. Anotherthere are nationwide networks, the deployment of
strategy for building nationwide coverage was afmultiple technologies would only be of concern to
forded by the FCC'’s design of the PCS auctionsusers if they decided to switch carriers, in which
The licenses in all regions are being auctioned skase they might have to buy a new phone. The lack
multaneously, allowing a carrier to bid for contig- of a national standard would not limit roaming.
uous license areas. In theory, it would be possiblg/hile the FCC has withdrawn from standards set-
to assemble a nationwide system by winning all ofing, it should be recognized that its decisions
the available licenses. While this did not occur inabout the structure of the wireless industry criti-
the first round of auctions, several companies aszally affect the pattern in which technologies are
sembled licenses covering very large areas. Fafeployed.
example, one consortium won licenses with a total
of 182.5 million potential customet. \ ina the Choi
Some of the biggest winners in the first round arrowing the 0|c.es .
of PCS auctions were cellular companies who willThe technology choices of the larger PCS carriers
use their new PCS spectrum to fill in the gaps beand alliances will begin the process of reducing
tween their cellular propertié.in order to knit  the number of contending PCS technologies from
their cellular and PCS licenses together into a nséven to, most likely, two or three. The larger car-
tionwide service, these companies’ customeriers will be looking for partners in the regions
will have to use dual-band phones that work inwvhere they do not have roaming agreements. As a
both the 800 MHz cellular band and the 2 GHzZesult, many mid-sized and smaller operators will
PCS band. It is possible that these willcuml- ~ follow the lead of the larger carriers and alliances.
band, dual-mod@hones that would use a differ- For example, if a high percentage of a small opera-
ent air interface technology depending on whethetor's customers were roamers from a large city, it
they were operating in the PCS or cellular bandwould likely follow the lead of the larger operator.
But phones that used the same air interfacdhe technologies that receive only limited initial
technology in both bands would be simpler andsupport may not survive long in the marketplace.
less expensive. Two of the proposed PCS technoManufacturers would be less likely to build to
ogies are simplypbandedrersions of the cellular these standards, and the price of the phones would
CDMA and TDMA systems, facilitating this not benefit from economies of scale.
dual-band strategy. To some extent, the technolo- Over time, the number of incompatible air in-
gies deployed in the PCS band will be determineterface technologies in the market is likely to be
by the technologies deployed in the cellular bandfurther reduced. Although itis costly to do so, car-
For example, the alliance of US West New Vectorfiers may switch technologies as more is learned
AirTouch, Bell Atlantic Mobile, and NYNEX about the performance of the competing systems
Mobile plans to use CDMA in both its cellular and or about the choices of competitors and alliance
PCS properties. partners. Carriers may choose to deploy a more
Alliances and consolidation represent the inimature technology today, knowing that in a few
dustry’s attempt to overcome the FCC's decisioryears they will exchange it for a better technology.
to divide the wireless service map into a largd=or example, some carriers believe that CDMA
number of license areas. AlImost every other courmay prove to be a better technology in the long

14“Broadband PCS Auction Nets $7.7 Billiorglecommunications Reportsl. 61, No. 11, Mar. 20, 1995, p. 3.
15 |pid.
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run, but that TDMA is the best technology for ever. The largest suppliers of GSM equipment are
solving immediate capacity problems. Someall European companié8,but U.S. companies
manufacturers support this strategy by designinguild GSM and DCS-1900 equipment and are
their products so that much of the equipment purselling it around the world.

chased for a TDMA rollout can later be used for

CDMA. INTEROPERABILITY OF WIRELESS
AND WIRELINE NETWORKS
[ Effect of PCS and Cellular The first section of this chapter discussed the radio
Standards on Trade link standards that enable interoperability be-

One side effect of the U.S. approach to standard$aeen a user’s phone or other wireless device and
setting is that it has left the United States without @ service provider’s network. But it is equally im-
national champion technology to sell in otherportant that different networks be interoperable
countries. The worldwide market for cellular tele-with each other, allowing their users to exchange
phone equipment is large, especially when thénformation with users of other networks. The fu-
possibilities for wireless local loop applicationsture NIl is often envisioned as a network of net-
are considered. Because the battles over standamtsrks—a diverse collection of networks that are
in the United States have slowed the commerciaindependently operated but still interoperable.
ization of U.S. digital cellular, more and more Therefore, it is necessary that the wide variety of
countries are adopting GSM. GSM has a signifiwireless networks currently being deployed—
cant head start, with 1.8 million phones in servicd®CS, cellular, wireless data networks, and oth-
worldwide in mid-1994 compared to 100,000ers—be interoperable with wireline networks as
U.S. digital phones® It has been adopted by 78 well as with each other.
network operators in 59 countritgsOutside of Although there are technical challenges that
the European Union, GSM has been selected hyeed to be overcome to ensure wireless-wireline
carriers in China, Australia, New Zealand, Russiainteroperability, it is unlikely that the infrastruc-
and Hong Kong, for examplé. ture will be segmented into separate wireless and
The openness of the U.S. technology selectiowireline worlds. There are clear incentives for the
process creates other imbalances. Because Europgerators of wireless networks to ensure that there
and Japan have specified the technology that all lis interoperability between wireless and wireline
censees must use, these markets are closed to tiegworks. Wireless carriers know that their cus-
U.S.-developed technologies. For example, evetomers want to be able to talk to wireline users of
if the U.S. CDMA system does turn out to offerthe public switched network, exchange e-mail
significant advantages, service providers in Euwith users of the Internet, and retrieve information
rope would not be able to adopt it in place of GSMfrom their companies’ computer networks. Wire-
At the same time, however, the technology-neuless networks would not survive in the market-
tral U.S. licensing process allows PCS carriers tplace if their users were limited to isolated islands,
adopt the European DCS-1900 technology. Thenable to communicate with the far larger number
real effect on U.S. manufacturers is unclear, howef wireline-connected users.

16 Gail Edmondson, “Wireless Terrier8usinessWeekjay 23, 1994.
17 Mark Newman, “GSM Takes On the WorldCbmmunicationsWeek Internationisue 133, Oct. 24, 1994, p. 1.
18“GSM Gold Mine,” table ifCommunicationsWeek Internation&sue 1320ct. 10, 1994, p. 26.

191pid. A table lists the four largest suppliers of GSM equipment as Ericsson, Siemens, Nokia, and Alcatel. Motorola and AT&T appear on
the list, but sales volumes are considerably smaller. For example, according to the table, AT&T has sold four GSM switches, Ericsson 33, Sie-
mens 30, Nokia 15, and Alcatel 14.
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Wireless-wireline interoperability also allows translate between ordinary wireline modem stan-
for communication between disparate wirelesslards and special modem protocols that work bet-
networks. Because most wireless networks act @aer over a noisy wireless link. Operators of
an extension to a larger wireline network, thewireless packet data networks need to translate the
wireline network can serve as a common corapecialized protocols that they use into the proto-
through which incompatible wireless networkscols used in the Internet or in corporate data net-
exchange traffic. For voice or fax traffic, this com-works. E-mail may have to be translated from a
mon core would be the public switched telephonavireline format into the format used by paging
network; for data, it might be the Internet. For ex-networks, permitting instantaneous delivery of
ample, the fact that both CDMA and TDMA cellu- e-mail from wireline users to alphanumeric pagers
lar networks are designed to interoperate with ther laptop computers equipped with paging receiv-
public switched telephone network (PSTN) will ers.
also allow them to interoperate with each other. Because different types of services require sep-
The wireline standards can act as a common lararate translation schemes, it is often the case that
guage, allowing users of incompatible wirelessservices that have the most commercial value are

networks to communicate. supported first. For example, the new digital cel-
lular services will support the interoperability of
[ Translation of Protocols voice services from the beginning because voice is

Despite the incentives for wireline-wireless inter-considered to be the core service. But interoper-
operability, it is not always easily or inexpensive-ability of fax and data services will not be
ly achieved. It would be easier to achieve ifsupported until the appropriatiterworking
wireless and wireline systems could use the sarrRgquipment is installed. More specialized services,
protocols—the rules and formats that govern hovguch as secure voice services, which have only a
communication occurs. But many wireline proto-limited market, may have to wait even longer.
cols do not work well over wireless links, becausé/Vhere these services are essential to the mission
wireless links are noisier, have less bandwidthof a government agency, the agency will have to
and may have a long transmission delay. Thereget involved with industry groups and standards
fore, it is often necessary to use specialized wirecommittees to ensure that the services are avail-
less protocol39 Because these protocols areable.
incompatible with their wireline counterparts, in- Most of the cost of ensuring interoperability
teroperability requires that there be some type ofalls on wireless network operators because wire-
translation or “gateway” at the interface betweerless networks are newer and have fewer users. For
wireless and wireline networks. the most part, wireline protocols have been devel-
For example, interconnection of digital cellular oped without regard to the needs of wireless. Sat-
networks to the public switched network requiresellite operators, in particular, have complained
that the voice signals be translated from the wirethat wireline protocols were developed and stan-
less to the wireline format—wireless networksdardized based on assumptions about short trans-
have to use a much lower bit rate because of thaission delays that do not hold true for satellite
limited bandwidth available. Cellular carriers alsoserviceg! Many of the technical issues of inte-
need to install “modem pools” at their switches tograting wireless access with Asynchronous Trans-

20 John A. Kilpatrick and Mobeen Khan, “MOBITEX and Mobile Data StandatB&E Communications;ol. 33, No. 3, March 1995,
p. 96.

21t takes about half a second for a signal transmitted to a geosynchronous satellite to reach its destination.
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fer Mode (ATM) networks, which are expected toexpensive call into a very expensive call. More
play a key role in the future wireline infrastruc- efficient call routing would send the call directly
ture, still have to be address&din the future, to the user’s current location. For this to be pos-
however, the increasing interest in wireless magible, however, the LEC or long distance carrier at
mean that network designers will use a more intethe originating end of the call would have to have
grated approach that takes both wireless and wirge be able to recognize that the number belonged
line into account. Government can reinforce thigso a mobile user, look up the user’s current loca-
direction by supporting testbeds and demonstraion in a database, and then route the call appropri-
tion projects that include both wireless and wire-ately.

line components. As more and more users become mobile, wire-
line networks will have to begin to recognize the
[J Wireline Networks and Mobility concept of mobility. The first step toward incorpo-

Another challenge to integrating wireless andating mobility concepts into the landline network
wireline networks is that existing wireline net- is Now being taken with the assignment of special
works, such as the PSTN and the Internet, do n6b00” numbers. If this nongeographic prefix is
recognize that users can be mobile. They associatged in place of an area code (e.g., (500)
a telephone number, for example, with a fixedl23-4567), it indicates to wireline switches that
location. As a result, wireless operators have hathe user could be mobile. Wireline carriers are cur-
to develop their own specialized call routing pro-rently using “500” numbers for an advanced call-
cedures. For example, the cellular industry’sforwarding service. Customers use a touch-tone
IS-41 mobility management system, used to forphone to update a database that records the phone
ward calls to a user’s cellular phone as they travenumber to which calls should be forwarded. How-
operates separately from the wireline network’sver, with current technology, it is not possible for
call-routing mechanism. a wireless network to automatically update this

The lack of integration between wireless andocation database as a customer moves from city
wireline call routing mechanisms causes ineffi-to city. True integration will require that the wire-
ciencies?3 With 1S-41, for example, calls are first less industry’s mobility management technology
delivered to the user’'s home system and then fowork with the wireline industry “Intelligent Net-
warded to the city where the user is currently lowork” call routing technology, which is only now
cated. In fact, the called user could be in the nextecoming possiblé? It will also require business
room, but the call would still be routed all the wayarrangements that permit wireline and wireless
to the user’s home city and then back again, resarriers to have access to each other’s location da-
quiring two long distance calls and turning an in-tabases (see chapter 7).

22“News from JSAC,1EEE Communicationsjol. 33, No. 5, May 1995, p. 12.

23 3ee discussion in National Regulatory Research Institute (NE&t)petition and Interconnection: The Case of Personal Communica-
tions Services]uly 1994, Columbus, Ohio, pp. 20-24.

24Brenda E. Edwards and Paul B. Passero, “Testing PCS in PittsbBedlegre ExchangeSeptember 1993, p. 14.
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he nation’s telecommunications industry consists of

many independently operated networks. In order to create

a seamless infrastructure, these networks must intercon-

nect. The Federal Communications Commission (FCC)
has long required local exchange carriers (LECs—the local tele-
phone companies) to interconnect with cellular carriers, making it
possible for cellular and wireline users to call each other. But as
new wireless carriers—Personal Communications Services
(PCS), Enhanced Specialized Mobile Radio (ESMR), and mobile
satellite—enter the market, and as the wireless industry evolves
from a niche player into a central component of the infrastructure,
the interconnection rules will also have to evolve.

FINDINGS

= Ensuring wireless carriers fair and affordable intercon-
nection to the public switched telephone network (PSTN)
will be critical in determining what role they will play in
the National Information Infrastructure (NII). Wireless
carriers pay interconnection charges for every minute of traffic
they send to the LEC, and often these charges are abovg the
costthe LEC incurs in providing interconnection. Interconne
tion charges are an important component of wireless carrie
cost structure. As new digital technology reduces the per-user
cost of operating a wireless network, interconnection charges
will assume even greater significance. Elevated interconnec-
tion charges would increase the price and reduce demand for
both mobile and fixed wireless services. Interconnection
charges priced too far above cost could keep mobile commu-
nication prices artificially high and stunt its potential growth.
The level of interconnection charges could even determine | 185




whether wireless carriers will be able to effec-
tively compete in the local telephone service
market, where bills have to remain affordable

186 | Wireless Technologies and the National Information Infrastructure

negotiated between the wireless carrier and the
LEC. In negotiating these contracts, the LEC
has considerable bargaining power because it

even if customers use their phones for hundreds has a near-monopoly in the provision of wire-

of minutes per month.

Rethinking interconnection charges, how-
ever, is a complex problem. Under current law,
the states have primary jurisdiction over inter-
connection charges and the process by which

line telephone service. In addition, wireless
systems depend critically on the LEC to com-
plete the vast majority of calls made to and
from wireless phones—wireless-to-wireless
calls on the same system account for less than

they are determined. State regulators have kept 2 percent of all wireless trafffe.

the price of wireless interconnection above cost
in order to provide the LEC with additional rev-
enues that support its universal service obliga-
tions. Before wireless interconnection charges
can be reduced, policymakers would have to
determine that universal service would not be
affected if the contribution from wireless carri-
ers were reduced. Alternatively, they would
have to find a new mechanism to further uni-
versal service goals that did not disadvantage
wireless carriers or other new competitors to
the LECs.

To ensure that wireless systems can achieve
their full potential as a mass-market service,
regulators and policymakers may need to
play a more active role in determining the
cost of wireless carriers’ interconnection to
the LEC. Congress has the option to establish
guidelines for the states to follow in setting in-
terconnection charges. Both S. 652 and H.R.
1555, the telecommunications bills currently
being debated in Congress, provide a mecha-
nism for carriers, including wireless, to ask
state regulators to intervene in interconnection
disputes. Congress could also expand the
FCC'’s jurisdiction over mobile radio services
by giving it more power to determine intercon-
nection charges.

Part of the problem in ensuring fair and
affordable rates is the way in which inter-
connection charges are seln most states, the
cost of interconnection is based on contracts

The FCC does not permit LECs to discrimi-
nate among wireless carriers in the price of in-
terconnection or other terms of interconnection
agreements. No wireless carrier should be dis-
advantaged because it is paying higher in-
terconnection rates than its competitors.
However, the new entrants in the wireless mar-
ketplace, especially smaller PCS carriers, fear
that the established cellular carriers are more
familiar with the process of negotiating inter-
connection agreements and will be able to ob-
tain better terms, despite the requirement that
the LECs not discriminate unreasonably.

One barrier to determining whether there has
been discrimination is that not all states require
that interconnection agreements be made pub-
lic. It is difficult to enforce the nondiscrimina-
tion requirement without knowing the terms
under which competing carriers are obtaining
interconnectionRegulators may have to re-
quire that interconnection agreements be
made available for public inspection A pub-
lic filing requirement would improve the bar-
gaining position of new entrants by giving
them access to the agreements that cellular car-
riers have been able to negotiate. Both S. 652
and H.R. 1555 would require that interconnec-
tion agreements between the LECs and other
carriers, including wireless, be filed with state
regulators and made public.

180 percent of all mobile calls are wireless to land line, 18 percent are land line to wireless, and 2 percent are wireless to wireless. The 2
percent, however includes wireless to wireless calls on the same system as well as to other cellular systems. Tim Rich, CTIA, personal commu-
nication, June 5, 1995.
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= A key issue is whether wireless carriers should 1555 would allow wireless carriers to provide
be required to provide their customers with aweaker form of equal access than the wireline
equal accesto long-distance services—allow-  LECs.
ing customers to choose a preferred long-dis-
tance carrier as they do now with their wirelineLEC INTERCONNECTION OBLIGATIONS
telephone. Different rules govern wireless cardn order to guarantee that wireless users are linked
riers’ provision of long-distance service, de-to the PSTN, the FCC mandates that LECs inter-
pending on whether or not they are subject t@onnect with all wireless carriers (see box 7-1).
equal access requirements. As a resalime  Until recently, regulators were concerned primari-
wireless carriers may be at a competitive dis- ly with ensuring that the right of interconnection
advantage not only in providing long-dis- was well defined and enforced. However, as wire-
tance services, but also in providing a wider less carriers become a more integral part of the NI
variety of services and pricing plans.Cur- and develop into potential competitors to the
rently, only the wireless affiliates of AT&T and LECs, the cost of this interconnection is becoming
the Regional Bell Operating Companiesa more central issue.
(RBOCs) are subject to equal access rules. All
other wireless carriers do not have to give theif] Regulation of Interconnection
customers a choice of long-distance carrier, an@he FCC began to develop the rules that govern
are permitted to sell a bundled package of localvireless interconnection in the proceeding that
and long-distance service. However, the FCQreated cellular telephone servicéhese regula-
has recently launched a proceeding to detetions were later clarified and strengthened in a se-
mine if all wireless carriers should be subject taies of rulings in the 198(%In 1993, Congress
equal access rules. created the Commercial Mobile Radio Service

The entry of new competitors into the (CMRS) regulatory classification, which brought

wireless market calls into question the need most Specialized Mobile Radio (SMR), PCS, and
for equal access rulesThese rules were first mobile satellite carriers under the same regulatory
developed in the wireline context because th&imbrella as celluletAll CMRS service providers
LEC could use its local monopoly to also domi-are entitled to interconnect with the LEC on the
nate the long-distance market. The cellular afsame terms as cellular carriérs.
filiates of the RBOCs and AT&T are subjectto  The FCC's policy on wireless interconnection
equal access rules in part because competitiodmas two main components. First, LECs must pro-
in the cellular industry was also limited, with vide interconnection when it is requested by a
only two carriers in each market. With the entrywireless carrie?. Interconnection is critical be-
of ESMR and PCS carriers, however, the mareause users of wireless services want to be able to
ket power of any one wireless carrier will be call anyone on the PSTN; they do not want to be
substantially reduced. Both S. 652 and H.Rrestricted to calling only other wireless users. A

2 Federal Communications Commissién, Inquiry Into the Use of the Bands 825-845 Mhz and 870-890 Mhz for Cellular Communications
SystemsReport and Order (Cellular Report and Order), 86 FCC 2d 469, 496 (1981).

3 Federal Communications Commissi®hg Need to Promote Competition and Efficient Use of Spectrum for Radio Common Carrier Ser-
vices Memorandum Opinion and Order, 59 RR 2d 1275 (1986); Declaratory Ruling, 63 RR 2d 7 (1987); Memorandum Opinion Order on Re-
consideration, 66 RR 2d 105 (1989).

4 Omnibus Budget Reconciliation Act of 1993. Public Law 103-66.

5 Federal Communications Commissitmplementation of Sections 3(n) and 332 of the CommunicationSettind Report and Order,
GN Docket No. 93-252 (1994), pp. 87-88.

6 Federal Communications Commissi@gllular Report and Ordemp. cit., footnote 2.
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BOX 7-1: Interconnection to the Local Exchange Carrier

Interconnection requires a connection between the cellular carrier's switch and a nearby local exchange
carrier (LEC) switch. This connection, which can be a microwave link or a high-speed digital line leased
from the LEC, allows the cellular carrier to complete calls to the LEC’s customers and connect calls origi-
nated in the wireline telephone network to its customers. Over time, a standard set of interconnection ar-
rangements has evolved, designated as Type 1, Type 2A, or Type 2B, depending on the sophistication of
the cellular switch and the type of LEC switch involved. These configurations are well known and described
in reference documents published by Bellcore, the LECs’ technical organization.

Similar interconnection arrangements will be used to connect other types of wireless services to the
public switched telephone network (PSTN), including Personal Communications Service, Enhanced Spe-
cialized Mobile Radio, and satellite, Satellite networks are interconnected to the PSTN at earth stations
known as gateways, User traffic is beamed down from the satellite to the earth station and routed through
the satellite network’s switch to the PSTN. While a cellular network may have several switches that are
interconnected to the PSTN, there may only be a single earth station that handles all of the traffic from the
satellite.

Interconnection also requires that the LEC provide wireless carriers with blocks of telephone numbers
that they can assign to their customers. Wireless carriers are part of the PSTN’s numbering plan, and, in
each area code, the LEC is the code administrator, responsible for assigning numbers. Cellular numbers
have the same 10 digit format as landline numbers, and, in most cases, they have the same area code as
a landline number in the same region. When cellular numbers are assigned, the LEC programs its switches
to recognize that calls to these numbers are to be routed to the wireless carrier.

SOURCE: Office of Technology Assessment, 1995

connection to the PSTN is necessary for wireless
carriers to attract customers and survive in the
marketplace. If the LECs, who have a near-mo-
nopoly in the provision of wireline telephone ser-
vice, were able to withhold interconnection,
wireless carriers would have no other way of con-
necting calls to wireline users and would likely go
out of business.

The second part of the FCC’s policy on wireless
interconnection requires the LECs to provide in-
dependent wireless carriers with interconnection
of the same quality and cost as they provide to
their own wireless affiliates.”In order to police
this requirement, the FCC requires structurad sep-
aration of most LECs' wireline and cellular opera-
tions."While the FCC recognized that there were

"I bid.
Ibid., p. 495.

potential economies of scope in greater integra-
tion of the LECS wireless and wireline opera-
tions, it also believed that integration could give
the LECS wireless affiliates an unfair competitive
advantage. As a result, the LECs have to build
their cellular networks independently of the wire-
line network, as would any other carrier. LEC and
independent cellular carriers have similar inter-
connection requirements, making it easier to de-
termine if the LEC is discriminating against the
competing cellular carrier.

The Cost of Interconnection

Wireless carriers are required to pay the LECs for
interconnection.’ The interconnection charges are

°*Charles H. Kennedy, An Introduction to U.S. Telecommunications Law (Norwood, MA: Artech House, 1994), pp. 44-46.
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intended in part to cover the costs the LEC incurgection charges that are above the cost they incur
in handling its part of the call. The most importantin handling their part of the call. Moreover, the
charge is a per-minute fee paid by the wireless cacompensation arrangements are usually one-way:
rier for every call completed by the LEC. Typical- wireless carriers compensate LECs for complet-
ly, this charge is about three or four cents peing their calls, while the reverse is not true.
minute, but it can be over 10 cents per minute, deAbove-cost interconnection charges and unbal-
pending on the state, the duration of the call, andnced compensation arrangements reflect the fact
the distance of the call. In addition to the per-minthat most state regulators view interconnection
ute charge, the wireless carrier usually pays theharges as a way to transfer revenues from a pre-
LEC for a leased line between its switch and theénium niche market service to the LEC in order to
LEC’s switch. To minimize the cost of this leasedsubsidize residential telephone rates and support
line, some wireless carriers locate their switchuniversal service goals.
across the street from a LEC central office or at
another nearby location. . . .
Currently, the states have primary jurisdictionlntermnnecrIon to Long-distance Carriers
over the cost of interconnectid®@ The FCC can Wireless users want to be able to make and receive
only step in if the cost of interconnection is so highong-distance as well as local calls. Since the
as to make wireless service prohibitively expenbreakup of the Bell System in 1984, the LECs
sivell As a result, the interconnection chargedave been restricted to providing local service
vary from state to state. In addition, the means byithin geographic regions known as Local Access
which states exercise their jurisdiction over interand Transport Areas (LATAs). Calls that cross a
connection charges diffé?.In some states, such LATA boundary are considered long distance and
as New York and Florida, interconnection chargegnust be handled by a long-distance carrier. In
are specified by a tariff, a schedule of rates apmost cases, a wireless carrier first hands long-dis-
proved by state regulators. In most states, howtance calls to the LEC, which in turn hands them to
ever, there is no formal tariff; instead, wirelessa long-distance carrier. Interconnection to the
companies and LECs negotiate an agreement wilhEC is all that is needed for wireless users to be
little or no involvement by state regulators. Someable to place calls to any telephone user across the
states require that these negotiated agreements pation.
filed with state regulators, while others do not. However, in recent years, long-distance carri-
Some states then make the agreement publiess have begun to connect directly to wireless net-
while others do not. works, bypassing the LEC (see box 7A2Pirect
Regardless of whether interconnection chargesonnections permit long-distance carriers to avoid
are tariffed or negotiated, state regulators havpayingaccess chargeas the LEC. Access charges
generally allowed the LECs to impose intercon-are essentially interconnection charges paid by

10 The Communications Act of 1934 has been interpreted to require that regulators allocate the costs of providing telecommunications ser-
vices among interstate and intrastate jurisdictions. The states, therefore, regulate the price of interconnection for intrastate calls, while the FCC
regulates the price of interconnection for interstate calls. Because most calls from wireless phones are intrastate, the states are largely responsi-
ble for determining the interconnection costs of wireless carriers.

11 Federal Communications Commission, Declaratory Ruling, op. cit., footnote 3, p. 15.

12 Harry E. YoungWireless BasicéChicago, IL: Intertec, 1992), p. 90.

13 Kennedy, op. cit., footnote 9, p. 46.

14 For example, in the Washington, DC market, both MCI and AT&T have direct connections to the Southwestern Bell Mobile Systems
(Cellular One) network.
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BOX 7-2: Interconnection to Long-Distance Carriers

In most cases, wireless carriers hand off both local and long-distance calls to the local exchange carrier
(LEC). The LEC then routes the long distance calls to a long-distance carrier (see figure 7-1). Increasingly,
however, long-distance carriers are connecting directly to wireless carriers. The wireless carrier only routes
local calls to the LEC, while long-distance calls are routed directly to a long-distance carrier (see figure
7-2). Although the link between the wireless network and the long-distance network is usually leased from
the LEC, the LEC provides only simple transport and is not involved in setting up the call. In a few cities,
long-distance carriers have bypassed the LEC entirely, using leased lines provided by new competitors to
the LECs, called Competitive Access Providers.

FIGURE 7-1: Connection to Long-Distance Carrier Through Local Exchange Carrier
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FIGURE 7-2: Direct Connection to Long-Distance Carrier
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long-distance carriers whenever they receive trafeverall cost structure. There may have to be reduc-
fic from a LEC, even when the calls originate on aions in interconnection charges if wireless carri-
wireless network. Long-distance carriers carers are to provide a mass market service or
avoid the access charges if they connect directly toompete with the LEC in the market for local ex-
the wireless carrier. In some cases, long-distanaghange service.

carriers pass on the access charge savings to wire-

less customers in the form of discounted long-disNondiscriminatory Interconnection

tance calling. In most states, interconnection charges are deter-

Avoiding access charges, which can ?CCOU%ined through negotiations between the LEC and
for 49 to 50 percent of the cost O_f along-distancg,e \yireless carrier. In the early years of cellular
call, IS one reason f_or th_e recent mterestshovm bgervice, several cellular carriers complained that
long-distance carriers in wireless communiCay,e | £cs were not negotiating in good faith or had
tions. If the long-distance carriers can reach the'ﬁot granted them the type of interconnection they

customers without going through the LEC, they,oqestedb However, in recent years the number

can cut access Costs or put pressure on LECS 10 i jigrtes has declined substantially. This may

duce the rates. However, these efforts raise qUefg e in part, to the fact that the interconnection

tions about both the structure of local telephon(;ules have been clarified by the FCC and are now
rates and universal service. The access charge sygs)| established. It may also be due to the fact that,

tem was designed as a way to continue the Beif, 1,0t markets. the second cellular carrier is no

System’s revenue transfer from long-distance tcl’onger a small independent company, but is often

I?cal selrwce (ljr_l the post-dl_vestlture envtljr_onmlentpart of a large company that is better equipped to
If more long-distance carriers connect 'reCtytonegotiate with the LEC.

wireless carriers—reducing the LECs’ access
charge revenue—they may undercut the system
subsidies that supports universal service.

The cellular carriers have stated that they are
%fenerally satisfied with the current system of ne-
gotiated interconnection. However, many of the
. o new PCS entrants are concerned that, despite the
O ereless/W|r§I|ne requirement that the LECs not discriminate, the
Interconnection Issues established cellular carriers can obtain better
Current rules for wireless interconnection focusterms because they are more familiar with the ne-
on ensuring that wireless carriers are able to integotiation proces$’ The main problem for new
connect to the LEC. Now, however, existing andgntrants is that the agreements between the LECs
especially, new wireless carriers are becomingnd the cellular carriers are not made public in all
concerned about the terms of interconnectiorstates. It is difficult to enforce the nondiscrimina-
agreements. First, new wireless entrants are wotion requirement without knowing the terms un-
ried that the present practice of negotiated interder which competing wireless carriers are
connection agreements makes it possible for thebtaining interconnection.
LECs to discriminate among wireless carriérs.  One way to guarantee that all carriers obtain in-
Second, as wireless technology becomes more d@krconnection on the same terms is to require the
ficient, interconnection charges will become afiling of interconnection tariffs, as is done in New
more significant fraction of wireless carriers’ York and Florida. This protects new market en-

15See discussion in Federal Communications CommisSgpral Access and Interconnection Obligations Pertaining to Commercial Mo-
bile Radio Services (Equal Access NPRNbtice of Proposed Rule Making and Notice of Inquiry, CC Docket No. 94-54 (1994), pp. 46-47.

16 U.S. Department of Justice, Antitrust Divisidthe Geodesic Netwo(kVashington, DC: 1987), p. 4.13.
17 Federal Communications Commissi@gual Access NPRMp. cit., footnote 15, p. 50.
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trants unfamiliar with the interconnection negoti- New digital technology, however, will allow
ation process because all competitors have twireless networks to serve many more users at a
obtain interconnection at the tariffed rate. The arlower cost per user (see chapter 3). As this hap-
gument against tariffing is that it may not allow pens, interconnection charges will become a larg-
sufficient flexibility in the terms of interconnec- er fraction of the wireless carriers’ overall cost
tion. Moreover, the tariffing process can causestructure and a more important determinant of the
considerable delay before a new service can be ofirices carriers can charge. The lower the intercon-
fered by the LEC. Another option is to continuenection charges, the lower the price at which wire-
the present system of negotiated contracts, but réess carriers will be able to provide service. The
quire that the contracts be made available for puldevel of interconnection charges could even de-
lic inspection. termine whether wireless carriers are limited to
Under current law, the FCC has limited ability serving the mobile telephone market, for which
to require states to use tariffs or require that coneonsumers are willing to pay a higher price, or are
tracts be made public. This is based on the divialso able to compete in the local exchange market.
sion of jurisdiction in the 1934 Communications The cable companies, and others who view wire-
Act, which gives states primary jurisdiction over less local loop technologies as a way to compete
intrastate charges. If Congress decided that entiy the local telephone services market, are argu-
of new wireless providers would be facilitated bying most strongly for reduced interconnection
tariffing or public filing of the terms of intercon- charges.
nection agreements, it could provide guidelines |t is likely that some form of regulatory inter-
on this issue. A public filing requirement that ap-vention would be required to reduce interconnec-
plies to LEC interconnection with all carriers, in- tion charges. Under the present system of
cluding wireless, is included in both S. 652 andhegotiated interconnection agreements, wireless
H.R. 1555, the telecommunications bills current-carriers could only obtain more favorable terms if

ly being debated in Congress. they had equal bargaining strength. For the fore-
seeable future, however, wireless carriers will
Local Exchange Competition continue to be much more dependent on the LEC

The cost of providing service, and the prices thathan the revers& Very few calls from LEC cus-
wireless carriers charge, will significantly affect tomers are to wireless users, while almost all wire-
the role wireless technologies can play in thdess calls are to users of the landline network.
NIl—whether they will remain providers of a rela- Because of this imbalance, the LEC would have
tively high-cost niche service (mobile commu-an incentive to maintain high interconnection
nications) or whether they can broaden theicharges even if wireless carriers were allowed to
appeal to compete in the market for local telecomeharge the LEC for completing calls.
munications services. The high cost of today's As a result, regulators who want to bring inter-
cellular service—and the correspondingly highconnection charges down are faced with two diffi-
prices charged to consumers—is primarily the reeult tasks. First, they may need to determine how
sult of inefficient analog technology. Increasingmuch it costs the LEC to provide interconnec-
numbers of customers have been willing to payion—a notoriously difficult task. Prices could
these prices because of the value being placed dinen be set accordingly, allowing the LEC a rea-
mobile communications. sonable margin of profit. Second, however, regu-

18 For more discussion of this issue, see Rob Frieden, “Wireline vs. Wireless: Can Network Parity Be RBatélé#2Communications
July 1994, p. 20.
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lators and policymakers must also determine thevould give wireless carriers greater bargaining
extent to which interconnection charges shoulgower in negotiating with the LECs.
continue to subsidize universal service. As the Another issue that potentially could affect the
telecommunications industry has evolved from aability of wireless carriers to compete in local tele-
single monopoly carrier into one with many par-communications markets involves the assignment
ticipants, above-cost interconnection chargesf telephone numbers. While there has been long-
have been used to provide the LECs with revenuestanding concern on the part of cellular carriers
that subsidize local residential service. To reducenhat the LEC manages numbers in a way that dis-
interconnection charges, regulators may need tggyantages them, the issue is attracting more
find alternative funding sources to make up for theyttention as existing area codes start to run out of
drop in revenues. The most common proposal foh mpers. When this happened in the past, area
replacing interconnection charges as a source o4 regions wersplit, assigning part of the old
subsidies is to create an expanded Universal Sef- t5 a new number. But in recent years, LECs
vice Fund to _Wh'ch '?1” carriers would contnbute, have proposed relieving the pressure for numbers
and from which eligible _carrlers_could withdraw by creatingoverlay area codes just for wireless
funds to help the'm provide servit®. ... . carriers. Wireless carriers have argued that assign-
Regulators trying to encourage competition Ining different area codes to the LEC’s potential
the local telephone market will also have to deter-

mine whether to designate wireless carrieas (wireless) competitors could lead to discrimina-
carriers with the LEC. Today, although cellular tion in how different carriers (and their customers)

carriers must pay the LEC to have wireless call re treated by the LE€. The FCC has recently

delivered to PSTN users, the reverse is not true_aunc_r:]egeiapﬁrzoceedmg to examine numbering is-

the LEC usually does not pay cellular carriers forY€S ! _ o
completing calls that come from the PSTN. The [N MOst respects, the interconnection issues
FCC has stated several times that cellular carriet§at concern wireless operators are similar to those
should be compensated for completing calls fropthat concern new wireline competitors in the mar-
the LEC, but most state regulators have choselfet for local telecommunications services. The
not to follow this recommendatidd.In order to  Primary difference is that wireless carriers have
redress this imbalance, wireless carriers are petiong had the right of interconnection, while state
tioning states to be formally recognized axao-  regulators have only recently begun to certify
riers. Co-carriage involvesutual compensation, competitive local wireline carriers and grant them
in which each carrier compensates the other foihe interconnection rights they need to enter the
calls completed. Today, most LECs only recog-market?3Regulators granted wireless carriers the
nize other LECs, such as those with neighboringight of interconnection more readily because they
service areas, as co-carriers. Co-carrier statusere seen as serving a separate, niche market (mo-

19 The current version of S. 652, for example, specifies that only carriers designated as “essential telecommunications carriers” can with-
draw from the fund. Section 104.

20 Kennedy, op. cit., footnote 9, p. 44.

21see, for exampl®eply Comments of the Personal Communications Industry Assodistiore the Federal Communications Commis-
sion, CC Docket No. 92-237, June 30, 1994, pp. 1-5.

22 Federal Communications Commissiémministration of the North American Numbering Rlalotice of Inquiry, 7 FCC Rcd 6837
(1992).

23 See, for example, Richard L. Cimerman and Geoffrey J. Waldau, “Local Exchange Competition: Alternative Models in Maryland,” in
Proceedings of the 22nd Annual Telecommunications Policy Research Conf&aonogons, Maryland, Oct. 1-3, 1994, p. 221.
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bile telephony) that did not threaten the local motequired of all carriers in order to hold today’s
nopoly. more fragmented and competitive “network of
Under current law, the level of interconnectionnetworks” togethe#® The interconnection obliga-
charges is primarily a state responsibility. Contions of wireless carriers are also being debated in
gress may choose to give more guidance to th€ongress.
states on the terms under which interconnection
Eanz tiE?SGSprOV'ded' For example, both S. 652 angd) 1o nnection with Long-Distance
R. , the telecommunications bills current- oo
ly being debated in Congress, would require the Carriers: Equal Access
LECs to treat all other carriers as co-carriers. If\s @ result of the breakup of the Bell System in
addition, if Congress determined that state regulal984, the relationship between wireline local and
tion of interconnection charges was slowing thdong-distance service providers changed. Current
development of the wireless communications infules require LECs to provide “equal access” to all
dustry, it could either give the FCC a greater roldong-distance carriers—allowing wireline users
or preempt the states entirely. However, a redudo choose a preferred company to carry their long-
tion in interconnection charges is likely to requiredistance calls. LATA boundaries define the limits
coordinated action on the part of both state andf local service—whenever a call crosses a LATA
federal regulators because these charges are dmsundary, it must be handed off by the LEC to the
tangled in the larger question of universal serviceiser’s chosen long-distance carrier. The equal ac-

subsidies. cess rules were first applied by the Modified Final

Judgment (MFJ) to the RBOCs after the breakup
INTERCONNECTION OBLIGATIONS OF of the Bell System, and later extended by the FCC
WIRELESS CARRIERS to apply to all other LEC4?

The question of whether a carrier should be There are no FCC rules that requiveeless
obliged to interconnect with other carriers hascarriers to provide equal access. However, the
been one of the constant themes of telecommuvireless affiliates of AT&T and the RBOCs are
nications policy debates over the past twosubject to consent decrees that require them to
decade@? Today, only the LECs have intercon- Provide equal access, regardless of the fact that
nection obligations. As a result of their control ofthey are not required to do so under FCC rules.
the bottleneck local exchange, they are required tbhe restrictions on the RBOCs’ cellular affiliates
interconnect with long-distance carriers and withwere imposed by the court that oversees the MFJ.
wireless carriers. A key issue is whether wirelesd he restrictions on AT&T were imposed as part of
carriers should have interconnection obligationghe settlement to an antitrust action brought by the
of their own. In 1994, the FCC began examiningDepartment of Justice (DOJ) when AT&T ac-
whether some or all wireless carriers have suffiquired McCaw?’ Wireless carriers not subject to
cient market power to justify the imposition of these consentdecrees, such as GTE and Sprint, are
interconnection obligations, or if, on a more fun-not required to allow their customers a choice of
damental level, interconnection obligations ardong-distance carriers.

24 see, for example, Gerald W. Brodlelecommunication Policy for the Information A@ambridge, MA: Harvard University Press,
1994).

25 Federal Communications Commissi@@gual Access NPRMbp. cit., footnote 15.
26 |pid., pp. 6-7.

27y.S. Department of Justice, “Proposed Final Judgment and Competitive Impact Statement; United States of America v. AT&T Corp. and
McCaw Cellular Communications, Inc.,” notice, Federal Register 59 (165): 44158, Aug. 26, 1994.
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Over time, more cellular systems have bee ATA, because they do not have to distinguish be-
converted to equal access. At first, all of the indetween intra- and interLATA call&® They are able
pendent, oA-side cellular carriers were free of toincorporate the cost of the interLATA part of the
the equal access restrictions, as wer8tbsgleaf-  call into the basic airtime charge, which applies to
filiates of GTE and other non-RBOC LECs. Butinall calls within the larger calling area. Some carri-
recent years, the RBOCs have begun buying Aers have even eliminated the concept of “long dis-
side systems outside their home region. In Washtance” entirely, offering calls to any location in the
ington, DC, for example, the A-side system isnation as part of the basic airtime charge.
controlled by an RBOC cellular affiliate. The  On the other hand, equal access rules prevent
court that oversees the MFJ has ruled that thesgae wireless affiliates of AT&T and the RBOCs
out-of-region systems must also be converted terom automatically funneling their wireless cus-
equal access. More recently, systems operated ymers’ traffic to their own long-distance opera-
the largest A-side carrier, McCaw, were requiredion. They must give their customers a choice of
to convert to equal access after McCaw was adong-distance carrier. For many years, the
quired by AT&T. It has been estimated that ovelRBOCs’ cellular affiliates were, like their wire-
60 percent of cellular customers are now served byhe telephone companies, prohibited from pro-

equal access carriet$. viding long-distance service at all. However, the
o o court that oversees the MFJ recently approved a
Implications of Equal Access Restrictions waiver request that allows the RBOCs' cellular af-

The nature of the equal access restrictions infiliates to resell long-distance service, as long as
posed on a wireless carrier affects several aspedt¥ey provide equal access and comply with several
of its operations, including service packaging andther restrictions. Both S. 652 and H.R. 1555

system design and construction. would codify and somewhat liberalize this ex-
emption.
Bundled local and long-distance service In general, the wireless affiliates of AT&T and

Unlike the wireless affiliates of the RBOCs andthe RBOCs may not offer wide-area “local” call-
AT&T, carriers not subject to equal access rules dég because the equal access rules require them to
not have to give their customers a choice of longhand off interLATA calls to the customer’s chosen
distance carrier. They can even set up their owlpng-distance carrier. However, there are several
long-distance operation and funnel all of their cusexceptions to this rule. The court that oversees the
tomers’ traffic to it, selling their customers a MFJ has often waived the equal access rules when
bundled package of local and long-distance seiit found that a “community of interest” crossed a
vice. Few wireless carriers have extensive longbATA boundary and the RBOC’s competitor was
distance networks of their own, but most reselible to offer regional calling. The DOJ exempted
long-distance service purchased at “wholesaleAT&T from complying with equal access rules in
rates from one of the long-distance carriers. those areas where the RBOCs are exempt, and
Carriers that are allowed to sell bundled packalso grandfathered 19 other systems operated by
ages of local and long-distance service can marké&icCaw that crossed a LATA boundary.
their services very differently from equal access The nature of the equal access restrictions un-
carriers. They have the flexibility to create ex-der which a wireless carrier operates affects the
panded “local” calling areas, much larger than aonfiguration of the interconnection between it

28 McCaw Cellular Communications, comments before the Federal Communications Comrigsamccess NPRMp. cit., footnote
15, p. 34.

29 RBOCs can offer similar larger calling areas, but must get a waiver from the court to do so.



196 | Wireless Technologies and the National Information Infrastructure

and a long-distance carrier. Long-distance carrisingle switch, which may be the most efficient
ers, if selected to provide wholesale long-distanceonfiguration. The court that oversees the MFJ
service to a non-equal access carrier, nearly ahas, on several occasions, granted waivers that
ways arrange for a direct connection to the wirepermit the RBOCs to build networks that cross a
less carrier’s switch. The volume of traffic is LATA boundary3!
usually high enough to justify the cost of the Inaddition, LATA boundaries and equal access
leased line, especially when the savings on accesave not been easily reconciled with the require-
charges are taken into account. When connectingents of a mobile service. It is possible, for ex-
to an equal-access carrier, on the other hand, longmple, that a call will change from local to
distance carriers are more likely to connectong-distance in mid-call if a user drives across a
through the LEC. Because the long-distance traft ATA boundary. Because it is technically impos-
fic is divided among several long-distance carri-sible to transfer the call to the user’s chosen long-
ers, the volume of traffic is often insufficient to distance carrier during thistersystem hand-off,
justify a direct link. the MFJ court has granted a waiver that permits
RBOC wireless affiliates to continue these calls.
| Finally, there may be significant advantages in
mpact of equal access on . .
wireless system design network construction and operation, as well as

Equal access restrictions bring with them the reOther economies of scope, that may not be pos-
quirement that wireless networks be designed t3/P/€ With continued segmentation of local and
operate within LATA boundarie¥ For example long-distance services. The cellular industry ar-
they prevent a wireless carrier from connecting it9U€s that users value large local calling areas. In
switch to a cell site in a different LATA. Equal ac- addition, if a cellular carrier is reselling long-dis-
cess rules would require that this link be open tdance service, it can buy service at bulk rates that
competition from other providers of interLATA aré cheaper than the retail rates that most individu-
service. Because it is not technically feasible t§ Users could obtain on their own. This has partic-
design a wireless network in such a way that thegdar implications for satellite providers because it
internal operations are open to competition, wireiS likely that a call made by a mobile satellite sys-
less networks have to be contained within thd€m user will be headed outside the LATA in
LATA boundary. Non-equal access systems onvhich the gateway is located. For this reason, sat-
the other hand, can gain efficiencies by integratin&,”'te_camers intend to purchgsellong—dlstgnce ser-
functions across a wider area that includes sever¥|C€ in bulk and then bundle it with the their usage
LATAS. charges at a flat per-minute rate, regardless of the
Because LATA boundaries were drawn with thed€stination of the call.
landline network in mind, it has often been diffi- )
cult to design wireless networks in a way that conProposed Changes to Wireless
forms to the LATA boundaries. One problem wasEqual Access Restrictions
that the FCC drew its cellular licensing map with-In 1994, the FCC proposed requiring all cellular
out regard to LATA boundaries. In many casescarriers to observe the equal access rules. In part,
cellular licensing areas include parts of more thathis proposal was intended to ensure that all com-
one LATA, preventing an equal access carriepanies in a competitive industry are subject to the
from serving the entire licensing area from asame rule$2The FCC does not currently have the

30 Kennedy, op. cit., footnote 9, pp. 102-108.
31 Kennedy, op. cit., footnote 9, p. 106.
32 Federal Communications Commissi@gual Access NPRMp. cit., footnote 15, p. 20.
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power to ensure competitive parity by removingthey are able to do with their wireline telephone
the equal access restrictions from AT&T or theservice.
RBOCs because these conditions are a conse- In discussions concerning equal access rules,
quence of antitrust law and can only be modifiedhe key issue is whether wireless carriers have the
by the courts or Congress. The FCC is only able tability to restrict competition in the market for
ensure competitive parity by imposing the equalong-distance service. Equal access rules were im-
access restrictions on the remaining wireless carrposed on wireline LECs because their control over
ers. While preferring that competitive parity bethe local exchangéottleneckallowed them to
achieved by removing their restrictions, thealso dominate the long-distance market. Wireless
RBOCs supported this effort. The FCC has not yetarriers, by contrast, do not control a bottleneck.
acted on its equal access proposal. The market for wireless communications has al-
Because of the problems associated with applyways been capable of supporting competition and
ing LATA boundaries to a mobile service, the FCChas never been viewed as a natural monopoly. If
suggested that the larger Major Trading Areashere were several competing wireless carriers,
(MTASs) be used instead of LATASs to distinguish there would be competition in wireless long dis-
between local and long-distance cdfisLong-  tance even if each carrier did not offer a choice of
distance carriers have opposed this proposal bether long-distance carriers.
cause it would reduce the amount of traffic To the extent that competition in the market for
considered to be long distance. The use of MTAsnobile telephone service is limited, it is because
would also create competitive parity issues bethe FCC initially licensed only two cellular carri-
cause the RBOCs' wireless affiliates would stillers. The DOJ imposed equal access restrictions on
be required to observe LATA boundaries, unles@\T&T'’s cellular operations because it believed
Congress or the courts altered the terms of ththat AT&T would have sufficient market power,
MFJ. as one of only two cellular carriers in a market, to
Wireless equal access has been an issue in needuce competition in the market for cellular long-
cent congressional debates on revising the nalistance servicé® The DOJ also required rigor-
tion’s telecommunications laws. Both S. 652 andbus equal access restrictions as a condition of
H.R. 1555 would supersede the consent decrd®@BOC entry into the cellular long-distance market.
provisions that impose equal access restrictionBroponents of extending the equal access rules have
on the wireless affiliates of AT&T and the pointed to the DOJ’s actions to argue that these safe-
RBOCs. Both bills would also require wirelessguards are required. However, the market for local
carriers to allow their customers to reach all longmobile telephone services is about to become signif-
distance carriers. However, carriers could requirécantly more competitive with the entry of an ESMR
their users to dial five-digit access codes to reacharrier and three to six PCS carriers.
most long-distance carrietéwhile reserving the
more convenient “4” access for calls routed Conflicting Models
through their own long-distance network. In theAlthough economic arguments may indicate that
past, equal access has meant giving users the al#lgual access requirements should not be imposed
ity to presubscribeo their choice of 1+ carrier, as on wireless carriers, the sale of integrated local

33 |bid., p. 32.

34This is similar to the procedure by which users access long-distance carriers other than the one to which a payphone is presubscribed. The
codes are of the form “10XXX,” where the last three digits denote the carrier.

35U.S. Department of Justice, op. cit., footnote 27, at 44169.
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and long-distance wireless service would be athe general NIl concept of a network of networks.
odds with the telecommunications industry modelAccording to this argument, the future telecom-
that has been established over the past decade faunications infrastructure will be made up of
the much larger wireline market. From a function-many different networks, and users should be able
al perspective, wireless can be used to provide ate choose their telecommunications services from
cess to a long-distance network in much the sammany different providers, mixing and matching as
manner as a wireline local exchange networkneeded. They should not have to switch wireless
There is considerable pressure to structure thearriers in order to change their long-distance ser-
market so that long-distance carriers can sell serice, for example. For this to be possible, all net-
vice to wireless users in the same way that theworks would have to interconnect, regardless of
sell to wireline users. market power.

Without equal access, long-distance carriers
cannot sell their service directly to end users, as ifil Interconnection of Wireless Carriers

the wireline model. Instead, they have sell to therpday, calls between customers of different wire-
wireless carriers, who then resell the long-dis{ess carriers are almost always routed through the
tance service to their customers as part of gcal exchange network. Because the LEC is re-
bundled package. From the long-distance carriguired to interconnect with all wireless carriers, it
ers’ perspective, it is difficult to market servicesprovides a common link between them. However,
that can be used with both wireless and wirelingn the same way that a wireless carrier can circum-
access because there is no guarantee that their sgnt the LEC and connect directly to a long-dis-
vices would be accessible from all wireless carritance carrier, it can also choose to connect directly
ers. In particularyirtual private networksthat to another wireless carrier. This configuration
include volume discounts and custom featuregyoids the interconnection charges that would
cannot necessarily be accessed from a corporatfve to be paid if the traffic were routed through
customer’s chosen cellular carrier. the LEC. Direct connections are used only rarely,
As the amount of wireless traffic grows, the however because the volume of wireless to wire-
conflict between the two models of the telecomess traffic is usually too small to justify the cost of
munications industry could become more signifi-the leased line.
cant. Long-distance carriers have been the main In 1994, the FCC proposed that wireless carri-
supporters of the FCC’s equal access proposadrs be required to interconnect with other wireless
preferring to sell directly to end users rather tharcarriers. Most wireless carriers opposed this pro-
ceding control over the packaging of services tosal, arguing that interconnection through the
the networks that originate the call. However, both EC was sufficient to guarantee connectivity.
AT&T and Sprint have acquired wireless interestsThey also pointed to the fact that there are relative-
of their own and may have an interest in permitdy few direct connections between wireless carri-
ting a greater degree of bundling. Long-distancers today. Others, however, argued that the
carriers that have wireless access networks of thesmount of wireless to wireless traffic will soon in-
own would have a competitive advantage ovecrease, and that clear rules should be established
long-distance carriers that do not. now. In part, the FCC appeared to be concerned
Aside from economic considerations, anothetthat purely voluntary interconnection arrange-
set of arguments in favor of equal access relies aments would lead to a lack of connectivity or inef-
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ficiencies in network desigi After studying creasingly valuable to other wireless and wireline
theissue, however, the Commission tentativelcarriers. There are many possible services that can
concluded that it would be premature to requirébe offered based on knowledge of a user’s current
wireless carriers to interconnect with other wire-location. For example, if LECs and long-distance
less carriers? carriers had access to cellular carriers’ location in-

A related question is whether roaming agreeformation, they could deliver calls more efficient-
ments (see chapter 3) should continue to be volury and less expensively to roamers. Today, if a user
tary or if wireless carriers should be required tas visiting another city and someone in that city
negotiate them. Today, it is in the interest of celluwants to call them, the call is first sent to the user’s
lar carriers to negotiate roaming agreements withhome cellular system—incurring a long-distance
each other because all carriers benefit from beingharge to the caller. The cellular carrier determines
able to advertise wide area service and from the irthat the user is roaming and then sends the call
creased use of their systems. The cellular industdyack to the LEC in the same city it came from—in-
also voluntarily negotiated roaming agreementgurring a long-distance charge for the cellular sub-
with a new provider of mobile satellite services,scriber. Thus, even if the two individuals are
American Mobile Satellite Corp. (AMSC) allow- literally in the same building, the call must travel
ing calls to be forwarded to users throughto the cellular user's home system and back
AMSC's satellite network when they are outsideagain—turning an inexpensive call into a very ex-
cellular coverage areas (see chapter 3). pensive one. ldeally, local telephone companies

However, new wireless entrants have ex-and cellular companies could share information
pressed concern that the incumbent cellular cambout roamers that would allow the visited LEC to
riers will choose not to negotiate roamingdeliver the call directly to the visited cellular carri-
agreements with them. Until there are PCS neter—eliminating all the unnecessary long-distance
works throughout the nation, new PCS providerdransfers and charges. In comments on the FCC’s
might want to offer their customersdaal-mode interconnection proceeding, a major interex-
phone that would use PCS-band service in theithange carrier argued that it should be guaranteed
home market and cellular service when roamingaccess to information about its customers in the
But it might be in the cellular industry’s interest to cellular industry’s location databas&sThe cel-
refuse to negotiate roaming agreements, limitindular industry believes that location information is
their new competitors to isolated islands of serproprietary and that it should not be required to
vice that could not compete with nationwide cel-share the information with other carriéfs.
lular roaming.

The location information that wireless carriers
collect to facilitate roaming is also becoming in-

36“We ask commenters to focus on whether interconnection requirements would advance competition and encourage efficiencies and low-
er rates in the mobile services marketplace. We do not wish to encourage a situation where most traffic from one CMRS service subscriber must
pass through a LEC switch for its traffic to reach a subscriber to another CMRS service, if such routing would be inefficient or unduly costly.”
Federal Communications Commissig&gual Access NPRMp. cit., footnote 15, p. 54.

37 Federal Communications Commissibrterconnection and Resale Obligations Pertaining to Commercial Mobile Radio SeBdces
ond Notice of Proposed Rule Making, CC Docket No. 94-54, April 20, 1995.

38 Federal Communications Commissig@gual Access NPRMp. cit., footnote 15, p. 58.
39 |pid.



Regulations

Antenna

ne of the most contentious issues facing the wireless in-
dustry today involves the location of transmitting anten-
nas. The cellular and personal communications service
(PCS) industries estimate that they will have to build
100,000 new antennas by the year 2000 in order to provide ade-
quate mobile telephone service to the publimcal communi-
ties, however, are increasingly opposed to the new antennas for
aesthetic, health, and safety reasons, and are applying local zon-
ing rules and municipal ordinances to force carriers to locate the
antennas elsewhere or halt construction altogétireresponse
to the increasing number and cost of these objections, two wire-
less industry trade associations petitioned the Federal Commu-
nications Commission (FCC) to nullify or preempt local regula-

1 Bob Roche, director of research, Cellular Telecommunications Industry Associa-
tion, personal communication, May 31, 1995.

2 Examples of reporting on this issue from local communities include: James Rush,
“Towering Controversy: Expansion of Cellular Antenna Systems a Local, National Is-
sue,"The Seattle Presgpl. 10, No. 3, Apr. 12-26, 1995, pif;3ISandi Coburn, “Cellular
One’s Call Waiting,'Suburban New@\New Jersey), June 15, 1994, pp. 1, 14; Michelle De-
Blase and Dina Masarani, “East Brunswick, Old Bridge Vote: Local Officials Urge Cellu-
lar Tower Limits,"Home Newg§New Jersey), Sept. 30, 1994, pp. B1, B6; Norman O’Don-
nell, “Phone Trouble: Everyone Wants Cellular Phones, but Many Don’t Want To Live
Near the Antennas That Make Them Worlgannett Suburban Newspapdidew
Jersey), Aug. 24, 1994, pp. 1A, 2A; “Cellular Phones: West Hollywood, Cal., Denies
Transmission PostEMF Litigation NewsNovember 1993, p. 535.

Zoning
and

Siting
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tions on antenna sitingThe FCC has not yet  Without additional information or clarifica-

acted on these petitions. Local restrictions havéon, congressional intent regarding preemp-
also been a serious concern to the satellite broatlen in the case of zoning and antenna siting
cast industry, which has been fighting local rulesemains unknown. This ambiguity is likely to

on satellite receiving dishes for many years. Attause continuing uncertainty until the FCC and
their foundation, these issues revolve around thappeals processes run their course. The Congress
question of which should take preeminence: fedhas not engaged in any debate or action on federal

eral policy or local law? preemption of local regulations of wireless opera-
tions, and there is no information that could clari-
FINDING fy what the Congress might think on this issue. As

The issue of federal preemption of local Zoningaresult, attention is currently focused on the FCC,
and other regulations represents a battle betwed¥here the petitions for rulemaking have been sub-
two valid, but conflicting, public policy goals. On Mitted and the process of evaluating them is under
the one side, federal policymakers, as set forth iWay.

the Communications Act of 1934, are trying to In responding to this issue, Congress has two
bring advanced communications services to th@rimary options. First, it could let the FCC proc-
public. On the other side, communities and citi-€SS run its course. The existing petitions for rule-
zens are trying to preserve local control over theimaking, if accepted by the FCC, could result in a
land and affairs—a long-standing tenet of Ameri-formal proceeding being established. This pro-
can political culture.In essence, the issues ceeding would doubtless receive considerable
surrounding federal preemption of local regu- attention in the industry and in state and local
lations affecting antenna siting derive from communities, and there are indications that the
ambiguous language contained in the Omni- FCCis looking at this issue carefully. The process
bus Budget Reconciliation Act of 1993—the would, however, take several years to wind its
legislation that established the Commercial way through the FCC rulemaking process and the
Mobile Radio Service (CMRS)?* In that Act, almost inevitable court challenges and appeals.
Congress stated in part “...no State or local gov- Secondly, Congress could make clear its inten-
ernment shall have any authority to regulate th&ions regarding the legislative language and offer a
entry of or the rates charged by any commerciagpecific interpretation regarding local zoning and
mobile service or any private mobile service, ex-antenna siting—either by supporting it explicit-
cept that this paragraph shall not prohibit a Statéy,> or by requiring states and local governments
from regulating the other terms and conditions ofo resolve the antenna siting issues through ne-
commercial mobile services.” Each side in thegotiations with the wireless companies. A specific
preemption debate has interpreted this passage fasding from Congress—either for or against pre-
supporting its position. emption—would at least remove the uncertainty

3 Cellular Telecommunications Industry Association, “Petition for Rulemaking,” before the Federal Communications Conhmrission,
Matter of Amendment of the Commission’s Rule To Preempt State and Local Regulation of Tower Siting For Commercial Mobile Services Pro-
viders RM-8577, Dec. 22, 1994, and Electromagnetic Energy Association, “Petition for Further Notice of Proposed Rulemaking,” before the
Federal Communications Commissitmthe Matter of Guidelines for Evaluating the Environmental Effects of Radiofrequency Radidtion
Docket No. 93-62, Dec. 22, 1994.

447 U.S.C., sec. 332(c)(3)(A).

5 Some leaders in the House of Representatives have already signaled that they now support preemption. See remarks by Rep. Newt Gin-
grich to Wireless ‘95 conference, New Orleans, LA, Feb. 1, 1995.
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surrounding the issue, and allow the industry taarriers. Communities did not have ordinances
move ahead with existing plans or pursue alterndimiting antenna siting or other characteristics of
tives. Congressional action could also help clarifyradio facilities. Furthermore, wireless carriers had
the issue of local restrictions on receive-only satmore latitude in placing antennas; objections
ellite dish placement, a matter that the FCC ruledould usually be met by simply moving to another
on in 1986 when it partially preempted local regu-suitable site close by.

lations 5 Today, cellular and PCS companies are having
a much harder time siting antennas, both techni-
BACKGROUND cally and politically. They are trying to erect new

The battle over antennas used to send and recei@8ténnas to cover areas that currently have poor
radio signals is not new, but its character is changgervice, usually due to topography or cellular sys-
ing. In the 1980s, the fight was over local restriclem congestion associated with high demand.
tions on the “big ugly dishes” used for receivingChanges in cell structure and system architecture,
C-band satellite transmissions—pitting home-however, are more difficult to make now because
owner against homeowner or local zoning boargadjacent cells are already established. To function
Today, although restrictions on satellite dishes remost effectively, antennas generally need to be lo-
main contentious, the dispute has broadened &ated close to the center of their cells; as cells get
citizens and local governments have taken u|§maller, the latitude for placement shrinks as well
positions against unwanted transmission towersee figure 8-1).1n a typical high-density area,
used primarily to provide cellular telephone (andwhere cells may be as small as one mile in diame-
future PCS) services. ter, this means that an antenna would ideally be lo-
Wireless telephone service providers—cellu-cated in a central four-city-block aréa.
lar, PCS, and ESMR—are now in the process of At the same time, despite the increasing re-
establishing or expanding their networks. In ordetiance and value that many residents put on wire-
to deliver services, they have to place antennas igss communications, public opposition to these
areas that will allow them to reach their custom-antennas is growing rapidly. Ironically, it arises
ers. Sometimes these antennas can be locatetbst often, although not exclusively, in commu-
away from residential areas, but in other cases, enities that have the highest per capita use of cellu-
gineering, topographical, or capacity considerdar telecommunications, notably wealthy
ations mean that antennas have to be located closeburban neighborhoods close to major metropol-
to homes. itan centers. Citizens often object to the antennas
In the early days of cellular telephone systenbecause they can be unsightly and bring down
construction, it was relatively easy for companiegroperty values, and because they fear the pos-
to locate sites and build antennas. Property owrsible health hazards associated with the radio
ers could be found who had little objection to anwaves the antennas emit (see chapter 11). Some
tennas or base-station equipment, and many diguestion the need for or appropriateness of these
not understand that their locations had value tmew services. In a few cases, minor changes—

6 Federal Communications Commissi@ieemption of Local Zoning or Other Regulation of Receive-Only Satellite Earth St&8ons
R.R.2d 1073 (1986).
7 1deally, the transmitter should be located at the center of the cell, but in any case should be located at a distance no more than one-fourth of

the cell radius from the center. Cellular Telecommunications Industry Association, “Local Zoning vs. Wireless Communication: A Case for
Federal Preemption?” briefing paper, (January 1995), p. 2.

8 Jaymes D. Littlejohn, “The Impact of Land Use Regulation on Cellular Communications: Is Federal Preemption WaFeateal?”
Communications Law Journalol. 45, No. 2, April 1993, p. 250.
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FIGURE 8-1: Theoretical Antenna Sitting Constraints

r——16 miles-

Ideal siting area-@ 12.6 sqg. miles

Ideal siting area-@ 0.05 sqg. miles

NOTE: Figure not drawn to scale.
SOURCE Office of Technology Assessment, 1995.

planting bushes around equipment shacks or
somehow disguising the antennas-are enough to
satisfy citizen objections. In other cases, however,
citizens want the antennas/towers moved so that
they are less obvious or further away from popu-
lated areas-to lessen any possible health risks.
And in some cases, citizens feel so strongly that no
changes are acceptable; they seek to prohibit the
tower/antenna atogether.

Citizen objections manifest themselves in re-
strictive zoning regulations or other municipal or-
dinances. This gives citizens' groups the ability to
challenge the siting of each tower or antenna a
wireless company wants to put up. They maintain
that carriers can move their towers to other loca-
tions, but are usualy unwilling to do so because it
will cost them more money. Thereis also resent-
ment among some citizens and public interest
groups a the arrogant way they believe the carri-
ers have treated their objections.

The process of challenging a particular antenna
site, which can work itself out in both local zoning
hearings and in court, is both time-consuming and
expensive.’As a result, the wireless industry

wants the federal government to preempt local and
state regulations on antenna siting, so that they
can move ahead with building their systems. They
maintain that it is often not just a matter of cost,
but of engineering requirements that dictates an-
tenna placement. Early on, the industry received
some support from FCC chairman Reed Hundt,
who noted that local taxation, zoning, and other
local restrictions could slow the widespread de-
ployment of wireless technologies. In speeches to
city and county organizations he encouraged them
“to find away to tolerate the presence of the new
[PCS] equipment—relay stations and antennas—
that this service requires.”* To date, no general
accommodations have been reached, and the issue
has become highly politicized in many communit-
ies.

The satellite industry, meanwhile, is still fight-
ing the battles first joined in the 1980s, when local
restrictions on satellite dishes were put into place.
Today, public zoning restrictions on satellite dish-
es are limited, but private homeowners' associa
tion rules or condominium covenants are
permitted by the FCC. In addition, some commu-

°Estimates of the added costs to the wireless industry of local regulatory proceedings are not available.
“"Hundt Says Local Government Regs Could Slow Competition,” Telecommunications Reports, Mar. 13, 1995, p. 24.
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nities do not follow the guidelines specified in themay consist of 12 to 16 panels, located on a free-
FCC's preemption order, and since the FCC hastanding pole (up to 150 feet), a tall building, or
limited enforcement resources, in these communianother high structure (water towers, television
ties the law is ignored. The FCC has brokered disantennas, etc.). In lower use areas, antennas can be
cussions between the direct broadcast satellitmounted on smaller towers or even low-rise apart-
industry and local government representatives oment buildings. The radio equipment for cellular

a blanket preemption of restrictions on directtelephone systems is usually housed in large trail-
broadcast service antenfddd\s in the case of cel- er-sized (20’ x 10’ x 7’) facilities equipped with air
lular and PCS antennas, the issue is not yet reonditioners for peak-use cooling. PCS cell-site

solved. equipment consists of smaller whips and panels,
and the radio hardware can be housed in a metal
[J Antenna Siting for Cellular and PCS box about the size of a small refrigerator.
Services

Antennas and base-station equipment for land-) Siting Satellite Dishes
based wireless telecommunications systems vamy the case of satellite dishes, local restrictions are
in size and appearance depending on factors suelmed not at the large dishes used by companies
as power output, frequency, topography, and exto transmit programming to a satellite—these are
pected usage. Engineering considerations deteusually located far from residential areas—but at
mine both the number of radios needed per cethe smaller (18 inches to 10 feet) dishes consum-
site (based on number of customers served) argls use to receive programming at their homes.
the power levels of the radios—smaller cells us&hese antennas must be positioned so that they
lower power. PCS base-stations, for examplegan easily receive signals from satellites. Depend-
may have a power output of up to 100 watts peing on the consumer’s exposure to the southern
channel—a typical site might have up to 30 chansky, and the landscaping and other physical struc-
nels, so total output might reach 3,000 watts if altures present in the area, a customer may be able
channels were in use simultaneougly. to put a dish in the backyard, on the roof, or in a
The equipment needed at each cellular or PCBlace out of sight of neighbot8.Some custom-
base station generally consists of an antenna, radéss, however, must put their dishes in their front
transceivers, and the hardware needed to link tgards or elsewhere in view of others in the area.
other cell sites or switches in the system. Because Some communities have zoning ordinances, or
of differences in power levels and architecturesrestrictive covenants, or other conditions that lim-
the equipment needed for individual cellular andt the type, placement, or appearance of these dish-
PCS cell sites varies in size and configuration. Foes, and some forbid their use altogether.
cellular base stations, antennas can be a small (S3Restrictions exist because residents object to the
4 feet) rod, a panel (4 to 8 feet tall and 1 to 2 feetize or appearance of these dishes. In a few cases,
wide), or a combination of rods and panels. Indevelopers make arrangements with cable compa-
high-use areas, a complete antenna installatiomies to pre-wire communities, at the cable compa-

11Cellular Telecommunications Industry Association, “Reinventing Competition: The Wireless Paradigm and the Information Age,” (Feb-
ruary 1995), p. 13.

12 pye to collocation of antennas, local effective radiated power levels may vary substantially.

13 There are three generally available types of satellite dishes that correspond to different satellite frequencies and services: 1) large 8- to
12-foot diameter dishes, known as C-band antennas; 2) smaller dishes, about 3 feet in diameter, known as Ku-band antennas, used, for example,

to receive broadcasts from Primestar; and 3) small dishes, about 18 inches across, known as direct satellite service (DSS) dishes, used to receive
broadcasts from DirecTV and United States Satellite Broadcasting (USSB).
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nies’ expense, in exchange for restriciveGENERAL COURT GUIDELINES ON
covenants that are written into deeds or other conFEDERAL PREEMPTION

ml_mlty r_ules. Some comm_unmgs restrict only Sat'PoIitic:alIy, there are few issues that raise the ire of
ellite dishes of a certain size or those not

camouflaged (a typical disguise is a patio umbreI? small but vocal segment of the population more
flag yp guiselsap . than federal preemption of states’ rights and local
la), while others make no distinction at all, prohib-

. g . regulations. The recent Supreme Court decision
iting even traditional television antennas.

In response to growing concerns that restrictivé jmklng down federal restrictions on gun posses-

covenants would affect the health of the satellite'©" N€ar p.Ub“C schoolg,that_ reversed decades
C of Court rulings on use of the interstate commerce

industry, in 1986, at industry’s urging, the FCC o .
ruled that the only permissible local restrictionsClause of the Constitution to accomplish federal

were those that were narrowly written; based o@0als, underlines the necessity of considering
health, safety, or aesthetic concerns; and that df¢g@refully the appropriate and justifiable division
not discriminate against receive-only satellite anOf regulatory responsibilities between the states
tennas. All others restrictions would be pre-and the federal government. When coupled with
emptedt4 With this ruling, the FCC attempted to continuing concern about the health effects of
balance the interests of the industry and consunglectromagnetic radiation, the local control of an-
ers in receiving satellite broadcasts with the intertennas could become a very divisive issue for poli-
ests of communities in local control of land-usecymakers.
and enforcement of health, safety, and aesthetic The issues surrounding federal preemption of
regulations. local zoning laws regarding antenna siting are part
In 1993, the satellite industry pressed the FCOf a larger conflict between federal policy and
to modify the 1986 order to clarify the types of lo-state laws. In general, the supremacy clause of the
cal restrictions that would be prohibité?The in-  Federal Constitution says that federal law over-
dustry claimed that many communities wererides, or can prohibit, exercise of state laws. Gen-
imposing “noncompliant” regulations that the eral rules on preemption are impossible to
FCC was powerless to oppose—in particular sizéormulate because of the diversity and complexity
and height restrictions—which, by their nature,of circumstance$® As Supreme Court Justice
single out satellite dishes, including lot size limi-Black wrote for the majority ifinesv. Davido-
tations, limits in commercial or industrial areas,witz, the test to be applied in such cases is whether
and other placement or screening requirements, @r state law “stands as an obstacle to the accom-
any flat band® The FCC is currently considering plishment and execution of the full purposes and
modifications to the 1986 order. objectives of Congresg?

14 Federal Communications Commission, “Preemption of Local Zoning or Other Regulation of Receive-Only Satellite Earth Stations,” re-
port and order, 47 CFR Part Zederal Registe51(31):5519-5527, Mar. 14, 1986.

15 satellite Broadcasting and Communications Association of America, “Reply Comments,” before the Federal Communications Commis-
sion,Preemption of Local Zoning Regulation of Satellite AntepRaport No. DS-1311, July 12, 1993.

16 |bid., pp. 9-12.
17 United States. Lopez No. 93-1260, decided Apr. 26, 1995.

18 Ronald D. Rotunda and John E. NowHdeatise on Constitutional Law: Substance and Proce@meged., vol. 2, sec. 12.1, pp. 62-63. It
should be noted that there is no mention of preemption in the Constitution itself.

19312 U.S. 52, at 67 (1941).
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Thus, congressional intent to preempt state lawHE CASE FOR FEDERAL PREEMPTION

is the principal element of a preemption claim, anGrhg |egal issue of land-use regulation and wireless
finding congressional intent when it is otherwiseg|ecommunications has been framed in terms of:
not explicitly expressed has been the task of th) \\hether Congress’s intent that new wireless
courts. Where no explicit congressional intent ca o yices be quickly and comprehensively rolled

be found, the courts have labored to balance stafg+ means that it intended that state and local land-

and federal interests to avoid conflicting regula-,gq regulations be preempted, and 2) whether the

tion at the different levels of government. In gen--¢ has the authority to preempt state and local

eral, the Court has given greater deference to Sta{@gulations that impede the development of com-

and municipal regulations that concern tradltlon-mercial mobile radio services (CMRS).

ally local issues—such as zoning, health, and |, jiiging its case for preemption, the industry
safety measures—even while z_alttendlng to th%rgues that Congress and the FCC have deter-
facts of eellchh cashe ;:og&d;sred onits _69\ln.rc1)therb mined that development of nationwide wireless
cases, although federal preemption has De&Ro.ommunications services is a policy objective

granted by the courts with some ease, there seens ihe United States citing language from the
to be increasing reluctance to allow it. One indica—FCC,S own rulings: '

tion of this reluctance was shown when, in 1987,
President Ronald Reagan issued an executive or-  We [the FCC] expect cellular to become an

der directing that federal preemption should be MPortant communications tool, the extensive
sought: use of which can be of significant benefit to the

_ American economy and to the more general
... only when a statute contains an express  pyplic interest, and we are accordingly anxious

preemption provision or there is some other firm to have it implemented as quickly as possible....
and palpable evidence compelling the conclu- e believe that cellular is important enough to
sion that the Congress intended preemption of  the public interest to warrant special attention to
the state law, or when the exercise of State au- avoid delay323

thority directly conflicts with the exercise of ) ) )
Federal authority under the Federal statute....  In order to meet this goal, wireless carriers

Any regulatory preemption of State law shallbe Maintain that they must be free to build towers
restricted to the minimum level necessary to where they are needed and not be subject to long
achieve the objectives of the statute pursuant to local procedures that delay implementation. They
which the regulations are promulgaféd. argue that preemption is needed if services are to
This order confirmed the trend evident in thebe deployed as quickly and widely as possible.
Supreme Court, that had, by that time, begun to Inthe Omnibus Budget and Reconciliation Act
show increasing reluctance to usurp state and locaf 1993, which amended section 332 of the Com-
law.22 munications Acg4 Congress said that “[n]o State

20 Rotunda and Nowak, op. cit., footnote 18, sec. 12.3, p. 73.

21 Reagan, R. R., President, United States, “Executive Order No. 12612—Federalism,” (Oct. 26, 1987), secs. 4(a), (c), reprinted in 52 FR
41685 (1987).

22 Rotunda and Nowak, op. cit., footnote 18, sec. 12.4, p. 76.

23 Federal Communications Commission, “Public Mobile Radio Services,” final rule, 47 FR 10,018, 10,033 (1982), cited in Littlejohn, op.
cit., footnote 8, p. 259.

24 This amendment streamlined all commercial mobile radio services into one regulatory framework. Public Law 103-66, Aug. 10, 1993.
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or local government shall have any authority toswitched telephone network, including cellular
regulate the entry of or the rates charged by antelephony and new PCS. Preemption proponents
commercial mobile service or any private mobileargue further that the FCC has jurisdiction over
service.” States may only regulate “other termsequipment that is used in providing wireless ser-
and conditions 25 The industry argues that only a vices, such as antenna siting where heights and
narrow reservation of authority was reserved fotocations can affect service delivery. They note
state and local governments over telecommunicdhat the Court of Appeals for the District of Co-
tions activities in order that “[s]tate and local gov-lumbia Circuit has held that:
ernments may not lawfully bar entry, create If the [1934 Communication] Act’s goal of
regulatory disparities or introduce significant in-  providing uniform, efficient service is ever to be
efficiencies in the production of CMRS through realized, the Commission must be free to strike
zoning and other similar regulatioR®’By this, down the costl_y ar_1d ineffi(_:ient burdens on intt_er-
the wireless industry asserts that: 1) Congress tac- State communications which are sometimes im-
: : : posed by state regulatidf.
itly allowed federal preemption, because zoning _
regulations introduce inefficiencies in the estab- 10 date, however, the FCC has not decided
lishment of CMRS services, and 2) given thewhether it should act on this issue. Although it can
FCC'’s long-standing commitment to efficiency asstrike down regulations that restrain interstate
a major criterion in regulating radio services, thd€lecommunications activities, it is not required to
FCC should preempt local zoning regulatighs. do so, nor does it mean that sweeping national pre-
In carrying out congressional mandates, quesemption is necessary. Until such a determination
tions have arisen regarding the authority of thdS made by the FCC or Congress, each challenge to
FCC to preempt local regulation. Under the interlocal laws and regulations (each individual siting)
state commerce clause, as developed through vamust be argued by the cellular carriers on an indi-
ous court cases dealing with telecommunication¥idual basis®® Because each local proceeding
regulation?8 the FCC has regulatory authority could take many months, this could slow service
over telecommunications that have interstate cordeployment or upgrades, add significantly to the
nections. This discretionary power generallynetwork’s start-up costs, and slow earnings of
covers any system connected to the publiovireless operatordt

2547 U.S.C., sec. 332(c)(3)(A). OTA found no legislative history in this regard.

26 Cellular Telecommunications Industry Association, op. cit., footnote 3, p. 7.

27 Littlejohn, op. cit., footnote 8, pp. 259-261.

28 |bid., pp. 253-256, citinguerto Rico Telephone CompanyFCC, 553 F.2d 694, 698 (1st Cir. 1977), which determined that the FCC
could prohibit the private branch exchange (PBX) rule as it, in effect, encroached on the FCC's authority over interstate commerce, and relied on
Ambassador, Ina. United States325 U.S. 317 (1945), which affirmed that the FCC's jurisdiction “extends to ‘interstate wire communication
from its inception to its completion.™

29 National Association of Regulatory Utility CommissiensCC, 746 F.2d 1492, 1501 (D.C. Cir. 1984), cited in Littlejohn, op. cit., foot-
note 8, p. 256.

30 Littlejohn, op. cit., footnote 8, p. 256.

31 For examples of local opposition to cellular antennas that wireless companies say show significant added costs or other burdens, see
McCaw Cellular Communications, Inc., “Comments,” before the Federal Communications Comnhissieryiatter of Amendment of the
Commission’s Rule To Preempt State and Local Regulation of Tower Siting For Commercial Mobile Services,RM+8875, Feb. 17,

1995, pp. 10-19, and Southwestern Bell Mobile Systems, Inc., “Comments,” before the Federal Communications CdmthisMartter of
Amendment of the Commission’s Rule To Preempt State and Local Regulation of Tower Siting For Commercial Mobile Services Providers
RM-8577, Feb. 16, 1995, pp. 8-15.
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THE CASE AGAINST FEDERAL lated to “entry of or the rates charged by’ CMRS
PREEMPTION providers. In their view, while it may be more
Opponents of preemption argue that state and |sostly or di_fficult to establish service qui_ckly,
cal rights, including regulating the power outputc_MRS providers can, neverthelgss_, establish ser-
of facilities in their jurisdictions, must be pre- vice. The Cellular Telecommunications Industry

served because they are the appropriate loci f(ﬁssociation’s (CTIA) p_osition that any regulation
protecting public health, safety, and welfafe. is an okjstacle to entry is overly_narroyv, opponents
They object to antennas on several grounds: ai'gue3* Opponents of preemption point to tests of
tennas can be obtrusive and may have unaccegfd€ral preemption involving amateur radio an-
able visual impacts on neighborhoods, which€Nna regulat_lor;s, as decidedinschker. City of
lowers property values; there may be health haZ2Klahoma City’> This case determined that de-
ards from electromagnetic radiation emitted fronSPite general federal encouragement of amateur

antennas close to residences and schools: afidio as sociallyimportant, that finding alone was
without local regulations tailored to local condi- N°t sufficient to warrant federal preemption of lo-

tions, antennas may be poorly constructed or urf2! regulations.
safe. Furthermore, where the relevant market for ser-

vice is local, as it is with many wireless services,
communities argue that they have the right to de-
U Local _ContrOI ~ . cide what costs and benefits they are willing to
Preemption opponents argue that there is a limitasstain, as long as there are no substantial impacts
tion to the FCC's power when matters pertain €xpn, other areas. If local costs are raised by local re-
clusively to local or intrastate matté¥sUnder  gtrictions, and these costs are not borne by other
sec. 332 (c) (3) of the Communications Act:  communities, then it could be argued that preemp-
... no State or local government shall have tion is an unnecessary intrusiéfh.
any authority to regulate the entry of or the rates ~ Communities feel that opening the door to fed-

charged by any commercial mobile service or  eral preemption of local zoning and land-use re-
any private mobile service, except that this para-  strictions may result in other intrusions:
graph shall not prohibit a State from regulating

the other terms and conditions of commercial
mobile services.

This attempt at preemption by the cellular
phone industry with the cooperation of the FCC

] ) _is a blatant attack on our communities that is
Opponents argue that this exception permitS more of a threat and at a lower level of morality
them to continue to regulate antenna placements than any neighborhood drug dealer... If this pre-

under local zoning laws because zoning falls un- emption is allowed it will open the door for the
der “other terms and conditions,” and is not re- federal government to attack any and all zoning

32“_ocal Groups Oppose Radio Tower Preemption Requ@stgtommunications Reparieb. 20, 1995, p. 45.

33 ouisiana Public Service CommissioffCC, 476 U.S. 355 (1986), sec. 2(B), cited in Natural Resources Defense Council, “Comments,”
before the Federal Communications Commisdiothe Matter of Amendment of the Commission’s Rule To Preempt State and Local Regulation
of Tower Siting For Commercial Mobile Services Provid&#§l-8577, Feb. 16, 1995, p. 5.

34 Natural Resources Defense Council, op. cit., footnote 33, p. 3.

35763 F.2d 379 (10th Cir. 1985), cited in Littlejohn, op. cit., footnote 8, p. 260.

36 According to the economic analysis of rights, as articulated by Ronald Coase, for an efficient economic outcome to be achieved, it matters
little which party bears the economic burden of ameliorating a noxious or objectionable condition. In the case of antenna siting, either the wire-
less company or the local residents pay for making antenna siting less objectionable, but in end the cost of service will be the same. The fact that

costs can be arbitrarily allocated means that some basis for deciding must be determined. For a discussion of Coase’s Theorem, see Charles
Fried,Right and WrondCambridge, MA: Harvard University Press, 1978), pp. 81-107.
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regulations in all of our communities whenever  broadcast antennas is established, they will con-
a wealthy and powerful industry group with an  tinue to have the right to limit placements.
influential lobby sees those regulations as anob-  The industry counters that health concerns are
stacle to increased profit... At a time when there |,5a( arbitrarily and capriciously by communities

is so much talk in Washington, D.C. about tak- 4 gejay or prevent antenna installations:
ing back our neighborhoods there is a clear

example here of us losing those very neighbor- Despite overwhelming and uncontroverted
hoods to big businesg. evidence that the extremely low power emis-

sions or radio frequencies from properly de-
] signed and constructed antenna sites fall well
[J Health, Safety and Aesthetic Concerns below every state and federal exposure limita-
In addition to arguments concerning the legality tion, (usually by factors of 500 to 3000 percent),
of preemption, opponents further argue that the the u.n_founded health anc_i safety concerns _of lo-
safety of radio emissions has not been fully estab- €@! citizens are most easily appeased by simply
lished, and that local zoning and other regulations "61ecting applications ‘and letting the courts
are appropriate measures to take in order to protect overturn the decision—at great expense and
. . . costly delay for the commercial mobile service
public safety (see chapter 11 for more discussion provider.
of health issues). Aesthetic concerns undoubtedly
lie at the core of many objections to antennas, but
these are harder to argue for without running afoul

of charges of |nc%r’185|stency, bgauty being in the telephone poles, water towers, broadcast towers
eye of the beholder: As a practical matter, aes-  4ng microwave relay sites proliferate, yet zon-

thetics is generally formally given as a reason for jng hoards often find that mobile antennae poles
restricting antenna siting in cases where obvious and towers violate vague “aesthetic” standards
historical or other design considerations are at included in local zoning codes. Were the same
stake in a community. standards to be applied to other forms of com-
The Natural Resources Defense Council notes munications these communities would have no
that section 332 (a) of the Communications3ct  telephone service, no radio service, no televi-
directs the FCC to take action after considering sion service and no utilitie”
whether such action will “promote the safety of Regarding the aesthetics of satellite dishes, the
life and property.” It argues that local zoning regu-FCC has held that local regulations do hold sway
lations are designed to protect public health, anth some cases:
that preempting 'them CO‘{"d harm the pul_olic. State and local zoning regulation or other
Communities claim that this language provides yegylations that differentiate between satellite

them with legitimate grounds for regulating or  receive-only antennas and other types of anten-
prohibiting the placement of antennas within their na facilities are preempted unless such regula-

boundaries. Until a consensus on the safety of tions (a) have a reasonable and clearly defined

Health and safety claims are also often a sub-
terfuge for underlying and unreasonable “aes-
thetic” concerns. In most typical communities

37See George Curtis of Seattle, WA, “Comments,” and R. James Pidduck, of Edmonds, WA, “Comments,” before the Federal Communica-
tions Commissionin the Matter of Amendment of the Commission’s Rule To Preempt State and Local Regulation of Tower Siting For Commer-
cial Mobile Services Provider&M-8577, Feb. 14, 1995 and Feb. 17, 1995.

38See, for example, Town of Greenburgh, NY, “Local Law on Temporary Moratorium on the Establishment of New Commercial Antenna,”
1995, and Abby Gilbert of Washington, DC, “Comments,” before the Federal Communications Comimitiséovatter of Amendment of the

Commission’s Rule To Preempt State and Local Regulation of Tower Siting For Commercial Mobile Services, RMA8875, Feb. 12,
1995.

3947 U.S.C., sec. 332 (a).
40 Cellular Telecommunications Industry Association, op. cit., footnote 7, p. 5.
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health, safety, or aesthetic objective; and (b) do
not operate to impose unreasonable limitations
on, or prevent, reception of satellite delivered
signals by receive- only antennas or to impose
costs on the users of such antennas that are ex-
cessive in light of the purchase and installation
cost of the equipment.

Regulation of satellite transmitting antennas
is preempted in the same manner except that
state and local health and safety regulation is not
preempted"1

4147 CFR 25.104.

These issues will likely continue to be conten-
tious for the foreseeable future, given their perva-
sive scope, and because they pit national
objectives for quick and inexpensive service pro-
vision against deeply held beliefs, traditions and
laws concerning local land use regulation. Some
basis must be given for deciding who will bear the
costs of antenna siting; this would seem to be the
primary responsibility of the Congress.
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Technologies
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Universal

Service 9

ne of the most important contributions that wireless tech-

nologies can make to the emerging National Information

Infrastructure (NII) is to support and extend the provision

of communications services to all Americans. The main
purpose of the Communications Act of 1934 was:

to make available, so far as possible, to all the people of the
United States a rapid, efficient, Nationwide and worldwide wire
and radio communications service with adequate facilities at rea-
sonable rates.

The term “universal service” has come to mean widespread avail-
ability of basic telephone service at affordable rates. Today, 93.8
percent of U.S. households have telephone service, down some-
what from the all-time high of 94.2 percent, recorded in 2993.
Policymakers are concerned with both providing telecommu-
nications service to households that do not have it and with main-
taining universal service during the transition to a more
competitive market. Wireless technologies can contribute to uni-
versal service goals by providing unserved users with access to
service and/or by allowing customers to be served at lower costs
than with wireline technology. However, policymakers also rec-
ognize that the definition of universal service will evolve to in-
clude more advanced communication and information services. If
wireless technologies are to play a continuing role in supporting

147 U.s.C. 151.

2 Federal Communications Commission, “Telephone Subscribership in the United | 213
States,” April 1995, table 2.
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universal service, they will have to keep pace with
the capabilities of wireline systems.

FINDINGS

= Wireless technologies can provide access to
telecommunications services in areas where
wireline service is not available.The first

network through a radio link, may be less ex-
pensive than long rural copper loops. With
wireless technology, the cost to serve a home is
less dependent on distance from the central of-
fice.

If wireless proves to be a lower cost alterna-
tive inrural areas, it would allow for a reduction
in the industry cross subsidies currently needed
to keep rural telephone service affordable. Fed-
eral policies have long supported the use of
these subsidies to extend universal service to
rural areas, and as a result, telephone penetra-
tion in rural areas no longer lags behind that of
the cities. However, the system of subsidies is
being threatened by the transition to a competi-
tive telecommunications industry, in which
consumer prices are expected to be driven clos-
er to the actual cost of providing service. De-
ploying a less expensive technology would
allow for a reduction in subsidies for rural tele-
phone service while keeping prices affordable.

component of universal service is physical ac® Despite the potential cost advantage of wire-

cess—the availability of service regardless of
location. Although most households in the

less technology, it is premature to conclude
that it can eliminate the need for rural tele-

United States have access to wireline telephone phone subsidies.Few households currently

service, in some parts of the nation it is difficult
or impossible to deliver service with wireline

technologies because of high cost, difficult ter-
rain, or geographic barriers. But radio waves

have wireless telephone service. The new digi-
tal technologies that will allow for low-cost

wireless local loops are only now being
introduced. Production economies have not

can cross water, canyons, and other obstacles, been achieved, and final prices are not yet set.

providing telephone service to homes that
would otherwise remain unserved. In addition,

For this reason, determining the cost—both
system capital cost and subscriber equipment

broadcast and satellite technologies are the cost—of different levels of wireless service

only means available to deliver video program-

(basic voice through interactive broadband) is

ming and other advanced services to some parts difficult. Moreover, it is not clear whether wire-

of the nation.

= Wireless technologies may be able to serve
some homes at lower cost than wireline
technologies.With wireline technology, the
cost to build a copper loop depends on the dis-
tance from the telephone compargéstral of-
fice to the home. In sparsely populated rural

areas, where many homes are far from the cen-

tral office, it can be very expensive to provide
wireline telephone service. Wireless local loop

less technology can maintain a cost advantage
while providing the high-speed two-way video
and data services that may be required as the
definition of universal service evolves.

Even if wireless systems can provide lower
cost alternative telephone service in rural
areas, a broader portfolio of policies will still
be required to support affordable telephone
service for low-income users in both urban
and rural areas. Wireless technology may

systems, which connect homes to the telephone provide a way to keep rural telephone service
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affordable, while reducing the subsidies, butsatellite-based, have certain advantages, includ-
there are still millions of users in both urbaning coverage and a different cost structure, that
and rural areas who cannot afford telephonenay allow them to support universal service by
service even at current rates. If anything, citiesmproving access in areas that have no telephone
with a large low-income population have aservice and/or by lowering the cost of service. Ter-
more acute universal service problem. The derestrial “wireless local loop” systems broadcast
ployment of wireless technology is unlikely to from a tower to the homes in the surrounding area;
make telephone service significantly more af-the range can be up to 20 miles or more. The sig-
fordable for these low-income households.nals are received by an antenna mounted either on
Special programs such as Lifeline and LinkUpa pole near the house or on the outside wall of the
America, which subsidize users directly, will house, and then connected by wire to a telephone
likely have to be maintained. inside the house. Telephone service can also be de-

In order to more fully explore the potential of livered via satellite, although satellite service is
wireless technologies in helping meet evolvingUSually more expensive than terrestrial wireless
NIl and universal service goalSpngress could S€rvice.
support experimentation with wireless tech-
nologies by rural telephone companieShe use [] Extending Service to
of wireless to provide basic telephone service in Unserved Populations

rural areas is unproven, and there are many UNCe{H e first component of universal service is physi-

tainties. Pilot projects or demonstration projectsCal access—the requirement that service be avail-

could help to establish whether wireless is, in faCtabIe. In the United States, there are very few areas

aynaple optlon_and glso help determine the apg, s haye no telephone service. The long effort to
pllcgtlons in which wireless can be used most efIbring telephone service to rural America has been
fectively. . largely successful. However, a small number of
C(_)ng_ress could a_Iso_ direct the Federal Cf’m' households remain unserved because the wires
munications _C_ommlssmn (FCC) to determine needed to provide service do not reach them.
whether additional spectrum should be allo- Households without physical access are gener-

fﬁted to wireless Io_op Si:‘v'c%m rur_al greaISnt ally in areas where wireline technology is not vi-
€ Seven years since the Lommission last e ble, due to prohibitive cost, difficult terrain, or a

amined this issue, wireless technology has a jeographic barrier such as a river or mountain.

vanced considerably and interest in rural wireles he data on unserved households is unreliable

has grown. Some Ioca_l ex_change_c_arners beI'evﬁut one group estimated that there were approxi-
that the current allocation is insufficient and hav

. o %ately 150,000 households in areas where there
urged the Commission to allocate additional SP€Gias no certified telephone company and about
trum. 330,000 households in areas where there was a
telephone company but no service was available.
THE ROLE OF WIRELESS Another survey found about 500 to 2,000 un-
TECHNOLOGIES IN UNIVERSAL SERVICE served customers in Colorado, mainly in moun-
The current concept of universal service entailsainous regioné.
the provision of basic telephone service at afford- There have been several estimates of the num-
able rates. Wireless systems, both terrestrial anoer of rural households that could be served with

3 Rural Radio Task Force, comments before the Federal Communications Commission, “Petition for Rulemaking to Establish Basic Ex-
change Telecommunications Radio Service,” CC Docket No. 86-495, May 9, 1986, pp. 14-16.

4 George Calhoun)ireless Access and the Local Telephone Netg@okton, MA: Artech, 1992), p. 185.
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wireless technology, either because they have sulaunched, any location within its footprint can get
standard telephone service or because they aservice. In Alaska, satellites have played a key
without telephone service. The last time the FCQole in delivering service to remote villages for
examined the issue of rural radio, in 1987, one sumany years. US West has launched a trial in which
vey found that 7,731 subscribers, scattered amongery Small Aperture Terminal (VSAT) equipment
138 telephone companies, could be served or ujs used to provide telephone service to 43 Wyo-
graded through radio loop technolclowever, ming customerd® New mobile satellite services
the petitioners who initiated the FCC proceedingnay offer telephone and more advanced services

estimated the nationwide total of eligible sub-to fixed users inisolated areas. (See chapters 3 and
scribers at approximately 900,000 by countings.)

households that were without telephone service or Finally, wireless could provide service to those

had four- or eight-party-line servi€efinally, a who have no permanent home. For example, four
study by Bellcore estimated that 213,000 too five million migrant farmworkers, who usually
246,000 households could be served by radio. have limited acces to a telephone, could use wire-
There is a clear role for wireless teChnOIOQieS ir]ess_if service was less expenswecurrenﬂy’

Serving these remote and difficult locations. Be”the Census Bureau’s statistics used to measure
Atlantic, for example, serves a household on an ia_'elephone penetration do not count the use of mo-
land in the James River with terrestrial wirelessyjle telephone service if it is used instead of wired
technology? In Nevada, in the Antelope and Re- service to a hom#& But a small number of people

ese Valleys, 50 residential customers who did ngay already be using a mobile phone as their pri-
have service will soon receive it from a cellularyary phone.

company? Wireless technologies can also be used

for temporary installations that do not justify the . -

construF():tion)(/)f a wireline network, for eJmerg?é:ncyD Increasing Affordability

restoration of service, and to provide interimPhysical availability is only one component of

service until wireline facilities have been universal service. Service must also be affordable.

constructed. In some applications, wireless technologies could
Although most installations of wireless local support universal service goals by delivering tele-

loops have relied on terrestrial technology, satelphone service at a lower cost than wireline tech-

lites may offer another option in especially remotenologies. Until recently, this would have seemed

areas. Universal access is inherent in the use ohlikely—there are no more than a few thousand

satellite technology—once the satellite has beehouseholds in the United States that get their tele-

5 Federal Communications CommissiBasic Exchange Telecommunications Radio SerRRieport and Order, CC Docket No. 86-495, 3
FCC Rcd 215 (1988).

6 Federal Communications Commissigasic Exchange Telecommunications Radio Semiatice of Inquiry, CC Docket No. 86-495, 2
FCC Rcd 326 (1987).

7 Federal Communications Commissi@asic Exchange Telecommunications Radio SeRégort and Order, op. cit., footnote 5.
8 Personal Communication, Donald Brittingham, Bell Atlantic, Mar. 20, 1995.

9 “Nevada PSC OKs Programs for Service to Remote Ardagtommunications Reportsl. 61, No. 1, Jan. 9, 1995, p. 11.
10“ys West Deploys USATs for Rural U.S. Telephorifglecommunicationgimericas Editionyol. 28, No. 4, April 1994, p. 8.

11Some of these workers already spend $40 or more per week on long distance calls to their families, but the added cost of wireless subscrip-
tions put cellular out of their reach. Based on OTA interviews with migrant workers and migrant health professionals.

12 3orge Schement, Alex Belinfante, and Larry Povich, “Telephone Penetration 1984-1994,” in Proceedings of the 22nd Annual Telecom-
munications Policy Research Conference, p 4.
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phone service over a wireless link, mainly in re-hand, the cost to serve a home depends directly on
mote and hard-to-reach areas. According to somies distance from the central office. In sparsely
published figures, however, the cost of a wirelespopulated rural areas, homes are located further
local loop has dropped to between $800 andpart, requiring long, expensive loops dedicated
$1,200, which is comparable to the average cost @b each customer. For the most remote customers,
a copper loop in the United StafésAnd in areas even terrestrial wireless technologies may be too
that are sparsely populated or have difficult terexpensive—if a cell site serves a very small num-
rain, the cost of a copper loop can easily reach aser of households, for example. In such cases, sat-
high as $2,000 to $5,000, making wireless soluellite technology may be the only cost-effective
tions much more attractiv. option.

New digital technologies are the primary driver ~ Because of these high costs, telephone penetra-
behind low-cost wireless loops. (See chapter 34on rates in rural areas of the United States were
Reductions in the cost of wireless local loop sysmych lower than in the cities for the first half of
tems are also being driven by the explosivenis century. To remedy this situation, federal and
growth in demand for mobile telephone servicestate regulators developed policies designed to
Because the equipment used to provide fixeghake rural telephone service more affordable. The
wireless service is similar to that used for mobileg ral Electrification Administration (REA—now
service, fixed users can piggyback on the technof,e Ryral Utilities Service) offered low interest

ogy advances and declining cost of mobile techyyang hrovided technical support, and also helped
nology. As mobile service becomes more widely,iih the formation of cooperatives in areas where

used and the price of equipment drops due to €CORdmmercial companies chose not to provide tele-

omies of scale, flxed_ wireless services will alsophone service. But the more important policy tool
become less expensive.

was the subsidization of rural telephone service
with revenues transferred from customers in lower

Impact of Wireless Technology cost urban areas. It has been estimated that about
on Rural Subsidies $5.5 billion flows from urban to rural users to
Background maintain rural telephone rates comparable to

Wireless loops may play an important role in rethose in urban areas.

ducing the cost of providing telephone service in  One subsidy mechanism that is used to keep ru-
rural areas. One of the characteristics of wirelestal telephone rates low is rate averaging, by which

technology is that the cost to serve a home doegggulators require that carriers charge both urban
not depend on whether the home is close to thand rural customers the same rate. As a result, ru-
transmitter or far away, as long as it is withinral users are charged less than it costs to serve
range. With wireline technology, on the otherthem, while urban users pay more in order to pro-

13 Terry Sweeney, “Lenders Backing Wireless Loo@pmmunicationsWeek InternationBlec. 12, 1994, p. 3. See also, Bruce Egan,
“Economics of Wireless Communications Systems in the National Information Infrastructure,” unpublished contractor report prepared for the
Office of Technology Assessment, U.S. Congress, Washington, DC, November 1994.

14 A, Javed, P. O’Kelly, K. Dick, and M. Lucey, “Wireless Technology Evolution and Impact on the Access Network,” in Proceedings of the
1994 Conference on Personal Wireless Communications, p. 12.

15|n general, systems developed specifically for wireless loop applications provide a higher level of voice quality than those based on modi-
fied versions of mobile technologies. Many of today’s mobile technologies are designed to deliver voice quality lower than that of wireline
systems, trading off quality for the advantages of mobility and increased capacity. Achieving better voice quality adds to the cost of the system.

16 Telecommunications Industries Analysis Project, “Apples and Oranges: Differences Between Various Subsidy Studies,” Oct. 10, 1994,
p. 2.
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vide the necessary subsidies. Rate averaging is thejected in part because the data was more difficult
primary tool used by the larger local exchange carto assemble or verify than simple loop ctt.
riers, the Bell Operating Companies, to provide The system of subsidies has largely been suc-
affordable service in their rural territories. Thesecessful; telephone penetration rates in rural areas
companies serve a diverse customer base of runab longer lag behind those in urban areas. How-
and urban customers and can successfully transfever, there is a concern that the subsidy flows will
costs from one group of customers to another. be more difficult to maintain in a deregulated and
Most of rural America, however, is served bycompetitive environment. For example, a Bell
small independent telephone companies—som@perating Company that priced urban service
serving only a few hundred households—that opabove cost in order to subsidize rural users could
erate only in high-cost areas and have few offsefind its rates undercut by a new competitor that
ting low-cost loops. The FCC tries to ensure thaserved only the urban market. As competition
these small companies can deliver affordable teledrives prices closer to cost, those who have bene-
phone service by subsidizing them with revenuefited from the existing system of cross-subsi-
from a Universal Service Fund. The money paiddies—primarily rural users—may see their rates
into this fund comes from the long distance carri+ise. One organization of rural telephone compa-
ers, who contribute about one cent of every dollanies estimated that their subscribers’ monthly
of their revenues. All local telephone companiesills would increase by about $12 per moffth.
with loop costs more than 15 percent above the na- Although there is ongoing debate about the ex-
tional average are eligible to withdraw from thetent to which higher rural prices would cause users
Fund. The higher their loop costs, the more fund$o drop off the network, Congress has indicated a
they can withdraw. In 1993, about $750 million desire to maintain a balance between urban and ru-
was transferred from the long distance carriers toal rates. Both S.652 and H.R. 1555, the telecom-
high-cost local telephone companiés. munications bills currently being debated in
Proposed changes to the Universal Servic€ongress, state that consumers in rural and high-
Fund could encourage small telephone companiest areas should have access to telecommu-
to look for lower cost loop technologies. Undernications services at the same rates as urban
current rules, telephone companies withdranconsumers. One way to achieve this objective
from the Universal Service Fund in proportion towould be to find a subsidy scheme that is compat-
their loop costs. As a result, they make an adeable with a competitive market. Mechanisms to
guate return on investment, regardless of whethexccomplish this have been the subject of much
they have used the most efficient technology. Theliscussion, but there is, as yet, no consensus on
FCC is currently examining whether it is possiblethe best solution.
to base subsidies on a projected reasonable cost to
serve an area, basedmoxy factorsuch as popu-  The impact of wireless systems
lation density or terrain typ In the past, high-
cost assistance based on proxy factors was

17 Federal Communications Commissi@mendment of Part 36 of the Commission’s Rules and Establishment of a JoinF&pantnd
Order,CC Docket No. 80-286, note 4, Dec. 23, 1993.

18 Federal Communications Commissidmendment of Part 36 of the Commission’s Rules and Establishment of a JoinN\&tiagdlof
Inquiry, CC Docket No. 80-286 (1994), p. 22.

19 |bid., p. 23.
20 OPASTCO, “Keeping Rural America Connected,” p. ES-4, 1994.
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The promise of wireless technology is that itchoice. Fixed cellular access systems have been
would provide a way to keep rural rates affordableleployed in over 40 countri@3 primarily in de-
while at the same time reducing the reliance oweloping countries such as Indonesia, India, and
subsidies from urban users. Because of its coshe Philippines, but also in Spain and in central
structure and the advent of digital technologyEurope. The market for wireless local loop equip-
wireless technology may be able to serve somment has been estimated at about $4 billion over
sparsely populated rural areas at about the santiee next three years, and provides an important ex-
cost per household as a densely populated urbayort opportunity for U.S. manufacturets.
area. The objective of equal urban and rural rates
could then be achieved without cross-subsiéftes. Low-| Ponulati
For those who see no simple way to continue thgOW-income Fopu gt?ons _
rural subsidies in a competitive environment, oAmong the 6.2 million Americans who do not
view the continuing debate over universal servicdave telephone service, low income is the primary
as an impediment to the transition to a more compredictor. For example, of households on welfare,
petitive telecommunications industry, the pros-27-9 percent lack telephon€sNow that policy-
pect of a technological fix is attractive. makers have succeeded in bringing telephone ser-
Even if wireless were found to be a lower costvice to rural America and in equalizing urban and
option, however, it would probably be deployedrural rates, they are beginning to concentrate on
on a piecemeal basis. Nearly all households, eve¥inging telephone service to these low-income
in rural areas, already have wireline telephone sepopulations. If anything, universal service con-
vice. Wireless technology would be used initiallycerns are at least as great in urban areas with sig-
to bring service to the small number of household8gificant low income populations as in rural
that currently have none or to provide for newareas—the focus of universal service policy initia-
growth in rural areas. It may also be used to uptives in the past.
grade substandard loops, but only about 3 percent Despite its potential cost advantages, however,
of the existing copper loops are rebuilt each yeawvireless technology is unlikely to lower the cost
As a result, it will take some time before the cospf telephone service sufficiently to make it more
structure of the rural telephone network wouldaffordable for low-income populations. It may
change enough to allow for a reduction in subsidyelp keep rural telephone rates close to urban rates
requirements. at lower subsidy levels, as noted above, but it will
Most studies that show wireless making a dranot dramatically lower the average cost of tele-
matic impact on the cost of rural telephone servicghone service in the United States. Although
assume that the network is being built fromwireless probably has a cost advantage over cop-
scratch?? In fact, in countries that are building per when used for rural or longer suburban loops,
their telecommunications infrastructure for theit is, at best, comparable in cost to copper when
first time, wireless is often the technology ofused for the much larger number of short urban

21« the public interest is unquestionably served when basic telephone service can be provided in a more cost effective manner — partic-
ularly in rural areas which generally require universal service subsidies to keep rates for local service affordable.” US West comments before the
Federal Communications Commissiséiipcation of Spectrum Below 5 Ghz Transferred from Federal GovernmenB8Jd8ocket 94-32,

Dec. 19, 1994, p. 6.

22 see, for example, Hatfield Associates Inc., “The Cost of Basic Universal Service,” July 1994.

23 Jean-Philippe Haag, “Fixed Cellular Solutions for Wireless Acc@stgtommunicationsiol. 28, No. 12, December 1994, p. 57.
24 Sweeney, op. cit., footnote 13.

25 Schement, op. cit., footnote 11.
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loops. In addition, any savings from a reduction inspectrum for the potential of wireless in rural areas
rural subsidies paid by urban users would béo be explored.
spread across a very large number of households
and reduce the average urban bill only slightly. [J Wireless Technology and the Evolving
_ _ Definition of Universal Service

Because wireless technology will make teleirejess technology can provide today’s defini-
phone service more affordable only in a limitedyjo o yniversal service—*basic” voice tele-
number of applications, it cannot, by itself, dra-p,one service. As technology advances and users'
matically increase current_levels of pene_tratlonneeols change, however, the requirements for uni-
The lack of telephone service among low INCOME,q, | service are expected to broaden: perhaps to

glroups ISa qolmplex pro?}lem Whose .SOIUt]'C?ndW'"incIude high-bandwidth services such as image
almost certainly require the continuation of fe € transfer and video. The telecommunications bills

al and_ state programs that address the affordabilité/urremly being debated in Congress, for example,
question more o_llrectly. One such program redu.ce&efine universal service as an evolving level of
monthly subscriber charges (the Lifeline Servicesoyices. Both S.652 and H.R. 1555 envision that
program), while another provides for reducedy,q £cc would periodically determine which ser-

installation charges (the LinkUp America pro-ices should be provided at affordable rates to all
gram). Over the past decade, states that have py(q,aricans, including those in rural areas.

sue'd' aggressive federally suppprted asgistance Wireless technology already plays an impor-
policies have shown the greatestincrease in pengs .+ e in providing one-way video services, al-

trat|026 among households below the pover'%houghthey are not part of the current definition of
level: universal service. For example, while 96 percent
of U.S. households currently have access to cable
POLICY ISSUES television, 4 million households remain unserved.
Wireless has considerable promise as a tool fdvlost of these are in areas where constructing
maintaining and expanding universal service, eseable systems would be prohibitively expen-
pecially in rural areas. But the use of wirelesssive2’ By contrast, at least one or two channels of
technologies in fixed applications is still rare; broadcast television is available in 99.5 percent of
OTA was unable to determine the number othouseholds, and over 1 million households in
households whose telephone service is providedreas without cable service get service from large
with wireless technologies, but it is probably noC-band satellite dishes. Most recently, high-pow-
more than a few thousand. It is premature to asred direct broadcast satellites (DBS) have
sume that the deployment of wireless technologyprought multichannel video to unserved areas at a
can eliminate the need for a rural subsidy proprice that is competitive with cable rates in urban
gram. Moreover, it is uncertain whether wirelessareas?®
technology can maintain a cost advantage while In the future, the definition of universal service
providing the high-speed two-way video and datas likely to include two-way data communications
services that may be required as the definition ofapability that would allow subscribers to access
universal service evolves (see below). Howeverthe Internet or online services. Most terrestrial
federal policy should make available sufficientwireless access systems currently allow data to be

26 Schement, op. cit., footnote 11, p. 11.
27 Federal Communications Commission, “Broadcast Television in a Multichannel Marketplace,” June 1991, p. 71.
28 Beth Murphy, “Rural Americans Want Their DirectT\&4tellite Communicationsjarch 1995, p. 30.
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transmitted at 9,600 bits per second, the speed ofetermines whether fixed wireless service is lim-
moderately good wireline modem, to access onited to basic telephony, or can also carry high-
line services and for other applications. Some obandwidth information-age services such as
the newer systems designed specifically for wireinteractive multimedia or video. The band in
less local loop systems offer even higher fax an@vhich the spectrum is allocated also affects the
data transmission rates. In some respects, wireleesonomics of the service. Lower frequencies are
may be better able to provide advanced servicesspecially useful because the signal propagates
than the existing wireline network. In rural areasfurther, allowing more households to be covered
deteriorating copper loops may not be able to sufrom the same tower and decreasing the cost per
port high-speed fax and data transmission, and Household.
may be less expensive to install a new wireless For wireless to provide the services that consti-
loop than to rebuild an aging copper loop. tute the universal service package, sufficient spec-
It is unclear, however, whether wireless will betrum must be made available. Today, only a
able to match all of the new services that will belimited amount of spectrum is available for fixed
provided over advanced wireline networks andyoice services—almost all of the spectrum that is
still maintain its cost advantage in more than theillocated for wireless telephony is restricted to
most difficult to reach locations. Both S.652 andmobile applications. The only spectrum available
H.R.1555 would require that the services availto serve fixed users is allocated to a service called
able to urban and rural users be reasonably cOmpBETRS (Basic Exchange Telecommunications
rable. In the cities, there is growing interest in aRadio Service), which was established in 1987 by
wireline technology known as Integrated Serviceshe FCC. But because demand for the service was
Digital Network (ISDN) that offers a 128,000 bit yncertain, the FCC did not create an exclusive fre-
per second data stream to and from the home. Boa'uency allocation and allocated 0n|y a small num-
telephone companies and cable companies agr of channeld? In addition, the FCC only
also beginning to upgrade urban networks with fig|lows carriers with Personal Communications
ber and coaxial cable to provide high-bandwidthservice (PCS), cellular, or Specialized Mobile
services. No existing wireless access technologgadio (SMR) licenses to serve fixed users on an
can match these capabilities, although the progncidental” or “ancillary” basi$ Their custom-
posed Spaceway and Teledesic satellite systenggs may choose to employ their mobile phonesin a
would provide high-speed data communicationsijxed application, but the network has to be de-

services. (See chapter 5.) signed primarily to serve mobile users.
L Inlarge part, the restrictions on the provision of
[ Spectrum Availability fixed services by mobile service providers are due

Spectrum allocations determine the viability ofto concerns about competition. Competition in the
wireless services—whether they can be offered airovision of local telephone service has historical-
all, their capabilities, and the cost of the servicely been limited by the belief that such service was
For example, the amount of spectrum allocate@ctually a natural monopoly most effectively pro-

29The FCC allocated 26 frequencies in the 450 megahertz band to BETRS on a co-primary basis. In the cities, these frequencies are used for
amobile telephone service, but the FCC reasoned that in rural areas, where BETRS would be more useful, they are often vaReppbBETRS
and Orderop. cit., footnote 5. In 1988, the FCC also permitted the use of cellular frequencies for BETRS, butin practice only the 450 megahertz
band has been used.

30“There is only a limited amount of spectrum for these new PCS services, and fixed service uses generally can be accommodated by other
means or in other frequency bands. Therefore, the primary focus of PCS will be to meet communications requirements of people on the move.”
Federal Communications Commissigmendment of the Commission’s Rules to Establish New Personal Communications Seticees,
Proposed Rule Making and Tentative Decisi@rFCC Rcdb689 1992.



222 | Wireless Technologies and the National Information Infrastructure

vided by only one carrier. Most states still limit quencies to provide fixed servicésHowever,
competition in the local telephone service markethis position was stated in passing in an unrelated
(although this is changing), and a broad grant oproceeding, and there is still considerable uncer-
permission to cellular or PCS carriers to provideainty about which uses of the PCS spectrum are
fixed as well as mobile service might have beerpermitted. The FCC will need to clarify its posi-
seen as sanctioning competition in the local extion regarding wireless fixed telephone services
change market. In creating the BETRS servicehefore full competition can emerge in the local
the FCC was careful to note that it would onlytelephone market.
grant authority to provide BETRS to companies The FCC also has the option to allocate addi-
that were either certified local exchange carriers otional spectrum specifically for wireless local
had some other form of permission from the statéoop applications? Several local exchange carri-
to provide local exchange servige. ers recently requested that the FCC allocate spec-
As state barriers to local exchange competitiotirum transferred from the federal government to
begin to come down, the FCC has the option to alwireless local loops. However, under most of
low mobile services providers to provide fixed these proposals, the wireless local loop spectrum
service. In one survey of small telephone compawould only be available to the incumbent local ex-
nies, 32 percent believed that wireless would be ehange carrier. As the telecommunications indus-
competitor32 Noting that the PCS frequencies aretry becomes more competitive, it is unlikely that
unlikely to be fully utilized for mobile services in the FCC could exclude other carriers from com-
rural areas, the FCC recently indicated that it ipeting for this spectrum.
willing to consider waiver requests to use PCS fre-

31 Federal Communications Commissi@gsic Exchange Telecommunications Radio Serieport and Ordgop. cit., footnote 5, p.
217.

32 Western AllianceUniversal Service in the Ninetigs, 14.

33Federal Communications Commissidiipcation of Spectrum Below 5 Ghz Transferred from Federal GovernmerFitss&eport and
Order, op. cit., footnote 20.

34United States Telephone Association comments before the Federal Communications Commission, ET Docket No. 94-32, Dec. 19, 1994,
p. 3.
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s wireless technologies become more widely used and
more closely integrated into the National Information In-
frastructure (NII), concerns about privacy, confidential-
ity, the security of communications, and protection from
fraud will become increasingly important (see box 18-a)-
though laws that address such issues do exist, users of wireless
technologies generally have less assurance of confidentiality and
protection from fraud than do users of traditional wireline sys-
tems. This is due to the fact that most radio transmissions are
much easier to intercept than those transmitted over a wireline
system. The extent to which the public is aware of these problems
is unclear, but among radio enthusiasts the open nature of radio
signals has long been recognized, and is the basis of the popular
pursuit of scanning or recreational eavesdropping.
Until recently, privacy violations and fraud affected a relative-
ly small number of users and technologies. Today, as wireless
communications systems proliferate and the number of radio
communication devices expands, the problems are becoming
more severe—the worst of which is theft of service through fraud.
Concerns about the confidentiality and security of wireless data
transmission, for example, are rising as more companies turn to

1 OTA has done several studies of aspects of telecommunications privacy and secu-
rity. See U.S. Congress, Office of Technology Assessirmatmation Security and Pri-
vacy in Network EnvironmentTA-TCT-606 (Washington, DC: U. S. Government
Printing Office, September 1994) and U.S. Congress, Office of Technology Assessment,
Protecting Privacy in Computerized Medical Informati@TA-TCT-576 (Washington,
DC: U. S. Government Printing Office, September 1993).

2 Scanners have their own magazikkgnitoring Timeswhich has a circulation of | 223
30,000.
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BOX 10-1: Definitions

Many of the terms used in this chapter to discuss privacy and security have ambiguous meanings, and
are used in various ways by different people. ' In this report, OTA uses the following definitions:

Confidentiality refers to the nondisclosure of information beyond an authorized group of people.
Privacy is distinguished from confidentiality in that privacy refers to the balance struck between an indi-
vidual's right to keep information confidential, and society’s right to have access to that information for
the general welfare. Privacy laws codify this balance, and also provide for some level of individual con-
trol over information about themselves.

Security refers generally to the protection individuals desire against unauthorized disclosure, modifica-
tion, or destruction of information they consider private or valuable. Security is maintained through the
use of safeguards, which can be implemented in hardware, software, physical controls, user or adminis-
trative procedures, and the like. In practice, security and safeguards are often used interchangeably.
Fraud refers to the use of deception to gain something of value, such as someone using another’s tele-
phone account number or other identifier to steal telephone service.

*For more detailed discussion of these definitional issues, see U.S. Congress, Office of Technology Assessment, /formation
Security and Privacy in Network Environments, OTA-TCT-606 (Washington, DC: U. S. Government Printing Office, September 1994),

pp. 26-29,82-83.

SOURCE: Office of Technology Assessment, 1995.

wireless technologies to meet their data commu-
nication needs. The use of radio technologies in
the context of the NII is especially problematic be-
cause the vulnerability of the radio link to eaves-
dropping aso exposes the wireline portion of
public voice and data networks to privacy and se-
curity violations and fraud, and in ways that are
difficult to guard against. This chapter examines
the problems of privacy, security, and fraud in
today’s wireless networks, and discusses possible
technical, regulatory, and administrative solu-
tions.

FINDINGS

Wireless technologies invite privacy and fraud
violations more easily than wireline technologies
due to their broadcast nature. The privacy implica-
tions of widespread use of mobile wireless
technologies are potentialy serious for both indi-
viduals and businesses. There will be a continuing
need to guard against eavesdropping and breaches
of confidentidity, as hackers and scanners devel-

op ways to listen in and track wireless commu
nications devices.

It is unclear how successful efforts to address
privacy and security concerns regarding wire-
less telecommunications have been. Laws de-
signed to protect wireless telephone users,
while potentially helpful, may not go far
enough, and enforcing them is difficult. Like-
wise, the success of the efforts of wireless ser-
vice providers to combat fraud and provide
secure communications is hard to measure.
Technical changes may make systems more se-
cure than they are today, but each time new se-
curity measures are implemented, criminals
find new ways to “beat the system.” For the
most part, industry implements technical
changes that frustrate fraud and prevent viola-
tions of personal privacy. However, it is unlike-
ly that wireless fraud will ever be completely
eliminated.

- The true extent of service theft through fraud in
the wireless (primarily cellular) industry is un-




known, but is estimated to directly cost the in-
dustry $482 million per year. Indirect costs may
range as high as $8 billion per year. Unfortu-2.
nately, this cost is distributed across all paying
wireless customers in the form of higher bills.
Customers can help protect themselves from
fraud through vigilant scrutiny of their wireless
telephone bills, but it is unclear how well the
general public understands its vulnerability or
the extent and cost of wireless fraud. Greate8.
public awareness—through education and
warnings provided by wireless service provid-
ers and equipment manufacturers—could help
combat the problems.

= Wireless systems, coupled with improved loca-
tion identification technologies, may make it
easier to track people’'s movements. In the
course of listening in on a conversation or inter-
cepting a data communication, an eavesdrop-
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illegal—only its purchase and use with intent to
defraud.

Congress could require cellular carriers and
equipment manufacturers to give explicit
warnings about the possibility of fraud and
breaches of privacy in service agreements,
instruction manuals, bills, or other service
agreements; on handsets in the form of labels;
and elsewhere to help educate consumers.
Congress could consider authorizing increased
funding of the Electronic Crimes branch of the
Secret Service, and of the enforcement division
of the Federal Communications Commission,
to combat wireless crime$he Secret Service
estimates that its electronic crimes enforce-
ment effort would be at optimum staffing levels
with 50 more agents, which would cost an esti-
mated $4.5 million.

per may be able to determine the location of thesoNEIDENTIALITY AND PRIVACY

user. Location information is a particular con-
cern to individuals, especially when it can be
gathered in the normal course of wireless tele
communications operatiodsBusinesses us-

ing wireless systems for voice and/or data
communications may be monitored for pur-
poses of industrial espionage. Treatment o
location information in law is not yet consis-

People using wireless communication systems—
for either voice or data applications—may incor-
rectly assume that because their cellular telephone
or portable computer operates roughly like their
wireline counterparts that they are subject to the
pame privacy laws and possess the same safe-
guards. But there have been numerous widely

principle options:

publicized cases of eavesdropping on and record-
ing of cellular telephone calls, including those of

. prominent political or society figures, such as Vir-
(1 Options ginia Governor Douglas Wildeand Princess Di-

If Congress feels that wireless privacy, securitygna of Wales. Both the mayor and police chief of
and fraud are problems, it could consider threqyew York City reportedly have had their tele-
phone calls monitoreBusinesses routinely warn

tent.

1. Congress could amend the U.S. Code to makieir employees not to conduct sensitive business

possession of scanning equipment and numbeon cellular telephones.
altering software illegat. Currently, posses-  Telecommunications privacy and security have
sion of specialized scanners and software is ndieen the subject of gradually evolving law and

3 See Internet posting Subject: Does GSM track the physical location of a phone?, Date: 20 April 1995 08:32:19 +0200, From: mobile-

rg@dxm.ernet.in, To: cellular@dfv.rwth-aachen.de, Message-ID: <9504200632.AA02651@lorien.dfv>.

418 U.S.C,, sec. 1029 (a).
5 Milo Geyelin, “Cellular Phone May Betray Client Confidencégye Wall Street JournaBept. 1, 1994, p. B1.



226 | Wireless Technologies and the National Information Infrastructure

regulation since the early days of telephony (sedentiality comparable to that of traditional
box 10-2)8 Telephone communications are gen-wireline telephones. This relative insecurity of
erally protected against unauthorized listening owireless telecommunications is responsible in
recording under the Communications Act of 1934part for interest in technological safeguards to pro-
and other privacy statutes, principally the Electect confidentiality.
tronic Communications Privacy Act of 1986 and There are some security-protecting features of
the Communications Assistance to Law Enforcemobile communications, however, that make
ment Act of 1994. Fraudulent use of someone'widespread and intrusive wireless monitoring less
telephone accounts is prohibited under the crimitikely. While scanners can pick up conversations
nal code concerning access device fraud. fairly easily, finding any particular one is difficult.
There are two main types of information thatit is even harder in networks with many simulta-
merit protection in the wireless context: 1) theneous conversations and where one or both of the
contents of a call or transmission and 2) the locaparticipants is mobile. Calls are handed off from
tion of the sender or recipient. The privacy of callcell site to cell site, making it hard to track a spe-
contents is easily understood, and has generategic conversation for very long. Despite large in-
the most concern and regulation. Privacy of locavestments in technologies that could pick out
tioninformation, however, is a relatively new con-individual conversations from all those passing
cept, and may pose unusual management anHrough the public switched networks, even the

social challenge$. government, much less private individuals or or-
_ o ganizations, still cannot do this wéll.
[ Privacy of Transmission Contents Wireless data network providers, such as RAM

As a practical matter, listening or scanning areand Ardis, claim that their systems are inherently
generally not prosecuted, particularly when thenore secure than analog cellular telephony, be-
contents of intercepted transmissions are keptause of their digital formats, and error-checking
confidential and when not used for a commerciabnd correction protocols. Data are typically trans-
purpose by the unauthorized recipients. This demiitted in digital packets, each containing an ad-
gree of privacy is sufficient for many people, suchdress instructing that packet where to go and in
as those who use cordless telephones, but is neverhat order. Eavesdropping would require inter-
theless troublesome for those who desire confieepting the right packets, identifying the header

6 James E. Katz, “U.S. Telecommunications Privacy Polifglécommunications Policyol. 12, December 1988, p. 354.
718 U.S.C., sec. 1029.

8 Because wireless telecommunications systems are typically interconnected to other telecommunications networks, privacy of wireless
signals can be compromised in either the wireless or the wireline portion of a transmission. Privacy also may be compromised by someone
scanning the frequencies used for the wireless portion of a cellular call; in this case, the wireline portion of the call will also be compromised. The
base station or the wireline system itself may be physically tapped as well. This section will focus only on attacks on the wireless portion of a call.

9 Unclassified information on government surveillance capabilities is difficult to obtain. Public statements by current and former intelli-
gence officials can give some indication of these capabilities, as in this report of a presentation given by former National Security Agency head,
Adm. Bobby Inman: “Inman [pointed out to an MIT seminar] that current cellular phones are difficult to monitor because “there’s no technology
that can sweep up and sort out phone conversations” despite very large investments in this. He drew an analogy to a case where he had to inform
President Carter that an insecure dedicated private land line to the British Prime Minister had been compromised. Inman told Carter that the
nature of the public phone system, with its huge volume and unpredictable switching, would have made using a pay phone more secure.” Inter-
net posting to Red Rock Eater listserver, Date: Wed, 23 Nov. 94 09:54:12 EST, From: lethin@ai.mit.edu (Rich Lethin), Subject: Admiral Inman
visits MIT.
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BOX 10-2: Wireless Communications Privacy and the Law

The legal status of the privacy of wireless communications has evolved overtime. Since most wireless sig-
nals can be received by anyone with a radio or scanner tuned to the correct frequency, they are inherently less
secure than their wireline counterparts—undermining any reasonable expectation of privacy. Congress has,
however, established limitations on the right of people to receive or intercept wireless transmissions. These
limitations have grown more extensive and explicit as wireless telecommunications systems have become
more widely used.

Historically, the struggle over the privacy of communications has been a battle between an individual’s right
to privacy and the legitimate needs of law enforcement to conduct surveillance (wiretapping, interception) in
the investigation of crimes. Striking a balance in this area has proven difficult for the courts and Congress as
wired and wireless communication technologies have advanced—new technologies made old assumptions,
decisions, and regulations about privacy and surveillance obsolete. In fact, for the first 70 years of this century,
the specific implications of privacy and wiretapping laws for wireless services (and vice versa) generally were
not even considered because the public generally did not use radio systems to communicate with one another.

The first general set of communications privacy limitations are found in the Communications Act of 1934."
The act made the intercepting or divulging of private communications, by whatever medium, illegal, except by
authorized communications company employees or on lawful demand by law enforcement officers.’In 1967
the Supreme Court ruled in Katz v. United States and Berger v. New York’that certain wiretapping operations
violated the Fourth Amendment protection against unreasonable search and seizure. Largely in response to
these cases and to law enforcement concerns about its ability to conduct wiretapping operations, Congress
passed the Omnibus Crime Control and Safe Streets Act of 1968.4 Title Il of this act tried to strike a balance
between individual privacy rights and law enforcements’ needs, and set forth the conditions under which law
enforcement could intercept private communications. Subsequently, some courts found that the protections of
the Act against unauthorized interception generally did not apply to radio-based communications, while others
protected some radio communications.’

As wireless technology developed and came into more widespread use, the special problems of privacy
in a wireless environment became clearer-especially in the case of cordless and cellular phones. Early court
cases limited an individual’s reasonable expectation of privacy when using a wireless phone, holding that
such calls were exposed to many people who could easily listen in—intentionally or by accident.°The Elec-
tronic Communications Privacy Act (EC PA) of 1986 extended the privacy provisions of Title Ill to cellular tele-
phones, most pagers, and other electronic communications, including electronic mail, but specifically ex-
empted cordless phones from privacy protections.’ The Act also made the disclosure of protected
communications illegal. In response to concerns about increased monitoring of cellular telephone calls, leg is-

Ch. 652, Title VII, sec. 705, 48 Stat, 1064, 1103 (June 19, 1934), codified at 47 U.S.C. sec. 605 (a),

’In Nardone v. United States, 302 U.S. 379,380-81 (1937), the Supreme Court ruled that Section 605 of the Communications Act
generally prohibited interception and subsequent disclosure of wire communications. In the middle third of this century, however, law
enforcement authorities continued to use wiretaps, and the number of court cases over wiretaps arising in the 1930s and 1940s makes
it clear that section 605 prohibitions did not end the practice of wiretapping.

°389 U.S. 347 (1967), 389 U.S. 41 (1967).

“See especially Title Ill, Pub. L. 90-351, June 19, 1968; 82 Stat. 197.
°State v. Delaurier, 488A.2d 688 (R.l. 1985). InUnited States v. Hall,however, the court held that a transmission between a mobile
telephone and a landline telephone was protected, but a call between two mobile telephones was not. 488 F.2d 193 (9th Cir, 1973).
°See United States v. Hoffa, 436 F2nd 1243 (7th Cir. 1970).
"Pub, L. 99-508, Oct. 21, 1986, 100 Stat. 1848.
(continued)
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BOX 10-2 (cont'd.): Wireless Communications Privacy and the Law

lation banning the manufacture or import of scanning devices capable of receiving cellular frequencies was
passed in 1992.°

The Communications Assistance to Law Enforcement Act of 1994 (CALEA) finally extended to cordless tele-
phones and wireless data communications systems—including wireless local area computer networks-the
same protections cellular telephones enjoyed.’In several cases since 1986, the courts had found that users of
cordless phones had no objectively reasonable expectation of privacy—as cordless telephones operate in
readily accessible public spectrum used by a variety of unlicensed devices—and could be intercepted without
a wiretap authorization. By 1994, however, the use of cordless phones had become ubiquitous, and lawmak-
ers found that the public believed their cordless phone calls were as private as a wired telephone-when, in
fact, they were not. Responding to this sentiment, Congress made a legislative determination that such com-
munications should be protected.

Conceptually, the limitations on intercepting wireless communications fall into two groups: those involving
possession of scanning or listening devices, and those involving the actual receiving, using or divulging the
contents of transmissions.

As noted above, the manufacture or import of cellular frequency scanning equipment is illegal. However,
legitimate scanners (used to monitor police, fire, emergency and other public radio services, and manufac-
tured without the ability to monitor cellular frequencies) can easily be adapted to receive cellular frequencies;
information on how to make such adaptations is easy to acquire, and kits to make such adaptations are not
banned and may be purchased legally. Even prohibiting all scanners outright is not sufficient to prevent scan-
ning: nearly any cellular telephone call can be picked up using another cellular telephone. “It is estimated that
there are over 5 million scanning units in the United States today; a unit typically costs $300 or less, Thus, pos-
session of scanners or equivalent equipment capable of listening to cellular telephone calls is difficult to pre-
vent; such devices are essentially available on the open market, and are widely used recreationally by some
radio enthusiasts.

Apart from possessing a scanner or receiver, unauthorized and intentional listening to cellular and cordless
telephone calls is also illegal, regardless of the frequencies monitored, as is divulging or making use of their
contents. “Inadvertently received transmissions, such as when someone is scanning the spectrum for some
legitimate purpose, may not be divulged or published either, and the person receiving such transmissions is
enjoined from benefiting in any way from the communication. Broadcasts intended for use by the general pub-
lic, such as communications to ships, airplanes, amateur or citizens band radio are not prohibited.

*Pub. L. 102-556, Title IV sec. 403(a), Oct. 28, 1992; 47 U. S. C., sec. 302a (d). The law denies authorization of equipment that can
receive transmissions in the cellular telephone frequencies, of equipment that is capable of being altered to receive such transmis-
sions, or that can convert digital signals in those frequencies to analog voice audio. The U.S. manufacture or Importation of such de-
vices is also illegal. In addition, under a different statute, 18 U. S. C., sec. 2512, the export, import, manufacture, assembly or posses-
sion of equipment whose primary function is the surreptitious interception of private electronic communications, including wireless
transmissions, is illegal, and violators are subject to fines and/or five year prison terms.

°Pub.L. 103-414, Oct. 25, 1994; 108 Stat. 4279.

“See, e.g., United States v. Smith, 978 F.2d 171 (5th Cir. 1992); United States v. Carr, 805 F. Supp. 1266 (E.D.N.C. 1992).

“Some old television sets with UHF tuners can be tuned to cellular frequencies because these frequencies Were allocated from
the upper portion of the UHF band, channels 70 to 83.

“Two statutes apply in this general area. Under 47 U.S.C., sec. 605 (a) violators are subject to fines and/or months imprisonment,
for the first conviction, and maybe subject to civil damages as well, unless the court finds that the person was unaware of the violation,
when damages may be reduced to a fine only. For violations involving commercial advantage, the penalties are fines and/or two years
imprisonment for a first offense, and fines and/or five years for subsequent offenses. Under 18 U. S. C., sec. 2511(1), violators are
subject to fines and/or a five-year prison term; first offenders are only fined.

SOURCE: Office of Technology Assessment, 1995.
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codes, and then reassembling them, probably re@avesdropper will hear only unintelligible noise.
quiring weeks of work per message, and conseFhus, digital transmission schemes are desirable
guently the results in most cases would not béor reasons of both economy and security.
available in real timé? TDMA and CDMA differ considerably, how-
Several different methods are being used or deever, in the degree of security and efficiency they
veloped to make wireless networks more securgrovide. With TDMA, conversations are broken
Special modulation formats may be used. If siginto segments based on a timing scheme. Each
nals are encoded in some way, an eavesdroppaser of a channel is “assigned” one of three time
must have decoding equipment as well. Numerslots by the cellular base station equipment. The
ous techniques for encoding are undergoing testime sequences must be known in order to separate
ing or already deployed. In the future, digitalout all the conversations occurring on that chan-
transmission schemes, which were developed tpel, and to reassemble any particular transmis-
make more efficient use of limited radio spectrumsijon. This is a straightforward technical task, but it
may also make transmissions more secure. Ig more difficult and costly to do than monitoring a
addition, signals can be encrypted. Both types ofomparable analog cellular conversation.

technologies are discussed below. CDMA transmission schemes are based on a
different principle, known as “spread spectrum.”
Transmission Schemes Instead of assigning a time slot on a single chan-

Analog cellular and other traditional radio sys-nel, CDMA uses many different channels simulta-

tems typically transmit information over a single neously, and the network assigns a code to each
channel in what is known as “circuit switched” fragment of a conversation like an identifying la-
transmission. That channel is dedicated to the us®€l. The receiver recognizes the specified code,
for the duration of the call. The technologies aresent at the beginning of the transmission, selects
relatively simple and inexpensive, but they use raall transmissions with this code, and reassembles
dio spectrum inefficiently. They are also easy tdhem into a coherent whole. CDMA is also in-
listen in on—once a call has been found, a scann&erently more difficult to crack because the cod-
can lock onto it until the conversation ends, or onég scheme changes with each conversation, and
of the parties leaves the cell and drops the channés. given only once at the beginning of the trans-

New digital communications systems, such agnission. Receivers lacking the proper code to in-
time division multiple access (TDMA) or code di- tercept will only hear digital nois€. Keeping
vision multiple access (CDMA) use spectrumtrack of codes is a demanding signal processing
much more efficiently because they break contask, and it is not likely that eavesdroppers will
versations into digital bit streams in order to carryhave the technical or financial wherewithal to
more conversations simultaneously over the sam@onitor CDMA traffic in the near future. Thus,
amount of spectrum (these systems are describégonitoring transmissions on CDMA systems is
in more detail in chapter 3). These separate fragsonsiderably more difficult than with TDMA and
ments are reassembled by the receiver and prefss harder than with analog systems, providing a
ented to the listener as a complete and intelligiblgreater degree of security. However, since the
conversation. These techniques also make trantechnical standards for both TDMA and CDMA
missions more difficult to intercept. Without are open and published, they are theoretically sus-
knowing what the disassembly scheme is, ameptible to attack.

10 Ellis Booker, “Is Wide-Area Wireless Secure@®mputerworldvol. 26, No. 39, Sept. 28, 1992, p. 59.
11 The inherent properties of this scheme explain its attractiveness to and use in the military.
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Encryption rately reproduced, and error-checking and correc-

Additional security can be provided by a variety oftion  techniques  applied. Voice encryption
separate encryption schemes. Voice encryptiofcheémes based on RSA, an encryption algorithm
has been used since the 1920s for military'dse. thought to be extremely secure, are on the horizon,
Commercial products have been available sinc8"d promise a level of privacy protection that is
the 1970s, and a few companies make such pro#10ught to be u_nassallablléThe main constraint
ucts today. Total sales of encryption products nowith all encryption is the slow speed of processing
number only a few thousand a year. Some celluladnd the lag that occurs if S|gnals_take too Iong_to
companies offer encryption services, but they ar@ass through the system. As signal-processing
not widely used. hardV\_/are and software improve, greater Iey_els of
Encryption systems can use either analog opecurity may become avalla_ble, but the ability of
digital techniques. Analog systems manipulate€crypters is also likely to improve as well. To
analog wave forms by splitting and inverting the_date’ most voice encryptlon'devmes are bulky and
voice signals using ordinary filters. A harmonic INconvenient, and do not enjoy much consumer or
signal is injected into the output, resulting in har-CaTer acceptance.
monic distortions. These encrypted signals are )
transmitted, and the reverse process is used to rek Privacy of Location
construct the communication. Further encryptionA new aspect of wireless networks is uncertainty
can be achieved by varying some of the parameabout and concern forivacy of locationwhere a
ters of the signal-splitting and harmonic distor-caller’s location can be hidden to a certain extent
tion, but voice quality may suffer as morefrom the network and from the recipient of the
distortion is introduced. Companies manufacturmessage. By the same token, location information
ing such systems claim that they cannot be dds necessary, atleast to the level of a sector within a
coded in real time, but they admit that they coulctell, for the switching equipment to be able to suc-
be recorded and broken later. Nevertheless, thesessfully connect users.
systems can provide a high level of security, but This feature contrasts markedly with wireline
cost from $300 to $1,000 per unit (two units arenetworks where location of the parties is unam-
needed—one for each end of a communication)biguous, especially to the system operator, but
Digital encryption systems work by manipulat- also most likely to the correspondents. The ambi-
ing digitized voice signals. The data representingjuity of wireless is likely to lead to a series of new
voice speech are compressed and processed issues for wireless users. Much of our common
pass through only phonemes or speech elementsiderstanding of business, law, and social behav-
(which are reconstructed by the receiver usingor is based on assumptions about the unchanging
special software). The digital bitstream is furthemature of place and people. With widespread de-
manipulated using bit substitution, permutation,ployment of wireless technologies, this is less
and other techniques. The encrypted data can bi&ely to be the case. Assumptions about bound-
further scrambled, as noted above, with the use dfries, jurisdictions, and proximity are challenged
digital transmission systems, which break the bitby mobility and ambiguous location information.
stream into packets and are coded and displacedBeople will likely develop strategies to uncover
time. Such manipulations incur little or no cost inthe location of users and to hide themselves from
signal quality, because digital data can be accwthers.

12 Material on voice encryption drawn from Dan Sweeney, “The Wages of Fear: Marketing Cellular Encr@etiaigt Businessvol. 9,
No. 13, December 1992, pp. 58-66.

13 Red Rock Eater listserver, op. cit., footnote 9.
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Unlike wireline networks, wireless networks telephone is located. This information can be used
typically do not know the precise location of theto give a rough idea of location, down to the level
parties to a transmission. This uncertainty variesf a cell, or cell sector, or even smaller areas, de-
depending on the type of system: satellite systemsending on the system used.
have the largest “granularity” of coverage because With the prospective launch of PCS systems,
they are typically broadcasting either to wholewith cell areas typically smaller than those of cel-
continents or large regions. Cellular and other tertular telephone systems, it may be possible to
restrial networks have much smaller areas i%pecifyparticmarareasinwhichaPCS phone may
which signals can be received and transmittethperate. Parents might use this to control the
with a maximum of about 20 miles for cellular moyements of their children, or administrators the
systems. Future personal communication servicggovement of their employees. If a user strays

(PCS) will use cells covering even smallgr areéasrom the approved area, a message might be sent,
perhaps only a few hundred yards in diametefiget hack home now!” Such services would be in-

Location identifying techniques must confront theexpensive to provide, because they are a byprod-
fact that while it is simple to identify a particular uct of the normal operation of this type of

transmitter used by someone with a wireless det'echnologylﬁ As yet, however, there has been no
vice, the area that transmitter serves may be qu"c?emand for such sérvices '

lar r difficul rch, ther making preci . ) :
arge or difficult to search, thereby making precise A wireless user’s location can also be calcu-

location difficult to dgtermlne. : lated by using a combination of signal strength,
A number of services already exist to address . N

. ; - “angle of return, time delay and synchronization, in
location concerns, and there will be implications

associated with this inherent ability. Tracking somewhat the same way that a person can infer

people and things may be easier in the future WitH|stance by Se_?m% orlhear:jng aln objec: W'thl two
both Global Positioning Satellite (GPS) (see boxXY®S OF €ars. Technology developments in loca-
4-3) and non-GPS systems using lightweight andon identification for emergency 911 services

inexpensive receivers and radios. In trucking loWith wireless systems will undoubtedly improve

gistics, for example, wireless technologies havéhe_ a_bility of wireless service providers to I_ocate
helped produce significant improvements in serindividual users. These methods can be fairly ac-
vices for firms such as UPS and Federal Expres§urate, particularly when used together, and they
which now depend on such technologies to con@r® likely to improve in the near future (see discus-
duct their businesi¥ Vehicle location services Sion of emergency 911 services in chapter 3). Law
such as Lo-jack and Teletrak are already well eenforcement services already can locate an emitter
tablished or are under development. to within six feet, if given sufficient time and re-
Cellular telephones are actually in operationSources, possibly in as little as a half h(This
more than most users think (if the phone is turneégvel of detail would be the result of significant ef-
on, but not actually being used). To monitor thefort, for example, in serious fraud or drug inves-
state of the network and be able to respond quickltjgations.)
when calls are made, the main cellular controlling Techniques are likely to be found that enable
switch periodically “pings” all cellular tele- people to hide themselves from wireless networks
phones. This pinging lets the switch know whichand other people. Mobility allows users to contact
users are in the area and where in the network tlathers from any location; if they move quickly

14 Frank Erbrick, UPS Vice President for Operations, OTA Advisory Panel meeting, May 12, 1994,
15 scott Schelle, vice president for operations, American Personal Communications, Inc., OTA Advisory Panel meeting, May 12, 1994.
16 Interview with U. S. Secret Service officials, Dec. 12, 1994.



232 | Wireless Technologies and the National Information Infrastructure

enough, it will be difficult to trace them. Simply Many of these technologies involve surveil-
turning off the handset will serve in many cases lance of the location and behavior of identified

(but will also make the phone unusable for receiv- Vvehicles and/or people, and the collation of such
ing calls). data for further use. These and other aspects of

IVHS technologies raise concerns amongst the
community, and have delayed adoption of some
systemg?

One area of growing concern is how informa-
tion about personal location and behavior could be
gathered and used by a range of large information . _
systems, such as electronic payment systems, [S]ome proposed designs require the system
credit card and other credit reporting, telecom- (© collect vast amounts of data on individuals
munications transaction records, health record avel patterns, thus raising the potential for se-
systems and the lik€. The Communications As- ZE:C;QVZS:)OUrlslVﬁspri'tvflscﬁegsssr;akfo fgac'sa(‘)ln
sistance to Law Enforcement Act forbids wireless about potentials for' authoritarian L)J/SGS of an
carriers from divulging location information _t(_) IVHS infrastructure in the hypothetical fu-
anyone, except to law enforcement authorities 121
with a proper warrarid .

The issues of personal information—gatherinq,] The design of such_systems_ or s_ubsystems

. : eeds to carefully considered with privacy con-
and disclosure are beyond the scope of this report. L
: ; cerns in mind.
They generally do not involve matters of wireless
telecommunications technologies, with one ex- ] o
ception: the Intelligent Transportation SystemlU Location and legal jurisdiction
(ITS), formerly known as the Intelligent Vehicle Many aspects of the law are predicated on geo-
Highway System (IVHS). The inherently mobile graphic location. To a certain extent, wireless tele-
nature of transportation, and the reliance of ITSommunications confound such geography-based
designers on wireless telecommunications fodistinctions, because with cellular telephones,
some aspects of the system, raises the issue of gobundaries (local or state, and to a limited extent,
vacy protectiond® Some analysts have arguedinternational) can be broached. With satellite-
that: based communications, boundaries are essential-

17 GSM systems reportedly know the location of all phones within 10 meters, and that the three closest cell sites track the phone at all times,
to enable smooth hand-offs from one cell to another. Continuous location data could easily be recorded, even for many users, without posing an
undue data burden—one observer estimates that 1 million users, tracked every 10 minutes to one square meter, for one year, would generate
about 510 gigbits of uncompressed data, well within the data processing capability of most business and many personal computers. See Internet
post, Date: Thu, 20 Apr 1995 08:32:19 +0200, From: mobile-rg@dxm.ernet.in, To: cellular@dfv.rwth-aachen.de, Subject: Does GSM track the
physical location of a phone?, Message-ID: <9504200632.AA02651@Ilorien.dfv>.

18 pyplic Law 103-414, sec. 103 (a)(2), Oct. 25, 1994, 108 Stat. 4281.

19For example, see Don Phillips, “Big Brother in the Back Seat? The Advent of the ‘Intelligent Highway’ Spurs a Debate OvefRevacy,”
Washington Posfeb. 23, 1995, pp. D10-D11.

20 Marcus Wigan, “The Influence of Public Acceptance on the Reliability of the Potential Benefits of Intelligent Vehicle-Highway Sys-
tems,”Information Technology & Peoplspecial issue on “Identification Technologies and Their Implications for People,” vol. 7, No. 4, 1994,
pp. 48-62.

21 philip E. Agre and Christine A. Harbs, “Social Choice About Privacy: Intelligent Vehicle-Highway Systems in the UnitedIStates,”
formation Technology & Peoplspecial issue on “Identification Technologies and Their Implications for People,” vol. 7, No. 4, 1994, pp.
63-90.
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ly meaningless. Work on transborder data flowsnission of other crimes, and hinder law enforce-
has attempted to address this problem, but its resment efforts against those criminals.

lution is unclear. The Internet also poses similar This section will discuss cellular telephone
problems of geographic location, jurisdiction, andfraud and how it is committed. It will also describe

the law?? some of the technical and organizational cost-
benefit tradeoffs the industry has made that shape

CELLULAR AND OTHER the incidence of fraud. Finally, technical measures

WIRELESS FRAUD that might be taken to limit fraud in the future will

With widespread use of wireless telephony ha®e addressed briefly. The focus is on cellular tele-
come widespread theft of service by fraudulenfhones because currently experience widespread
means. The true extent of cellular telephone frauffaud. Although the pirating of satellite television
is unknown, but the number of attempted fraudusignal is still a problem, it is not addressed here.
lent calls may run as high as 3 million perThe heyday of pirating is long since passed, and
month23 The Cellular Telephone Industry with the introduction of new digital transmission
Association (CTIA) estimates that fraud amountsand encryption systems, fraud is expected to drop
to about $482 million a year, based on estimates déirther.
out-of-pocket costs to companies for customer-
identified calls for which the company reimbursgsm Tumbling and Cloning
customerg? Other analysts believe the cost is ,
substantially higher. The government has no inde>€llular telephone fraud is conducted through
pendent estimate of the extent of wireless tele?’hat is known as “tumbling” and “cloning.” Un-
phone fraud. der_stqndlng how these work requires a brle_f' de-
For wireless technologies to enjoy the Samécnptlon of how a cellular telephone |d_e_nt|f|_es
public acceptance as wireline telecommunicaltself to the cellular network, and how billing is
tions, they will probably need to provide similar Managed.
levels of security from fraud and misrepresenta- EVery cellular telephone has a unique electron-
tion. Fraud increases service costs for both busic serial number (ESN), “burned in” on a chip by
nesses and consumers, and may make wirelefi¥e manufacturer. FCC regulations require that ev-
less competitive than wireline services. Cellular€ry phone have a unique ESN. In addition, every
customers ultimately pay for cellular phone fraudcellular telephone subscriber is issued a mobile
in the form of higher costs because companieilentification number (MIN) when the phone is
pass these costs along to consurdeisis also  assigned a telephone number and activated by the
costly for law enforcement agencies to enforceservice provider. For example, when a subscriber
fraud statutes, and it fosters the expansion of crinduys a cellular telephone at a retail store, the ser-
inal activities, both directly and indirectly. vice provider assigns a telephone number from a
Fraudulent phones are frequently used in the conatch of numbers provided by the local telephone

22 pan L. Burk, “Transborder Intellectual Property Issues on the Electronic Frontier,” Arlington, forthcoming inStahférd Law &
Policy Reviewavailable at URL gopher://gopher.gmu.edu:70/00/academic/colleges-depts-insts-schools/ law/working/dburk?2.

23 sysan Kumpf and Nora Russell, “Getting the Jump on Fraalliilar Businessvol. 9, No. 10, October, 1992, p. 24.

24+secret Service, CTIA Crack Down on Cellular Fradglecommunications Reporiml. 61, No. 15, Apr. 17, 1995, p. 32. Cellular tele-
phone firms are unwilling to give an accurate accounting of cellular telephone fraud to CTIA. Telephone toll fraud generally may be as much as
$8 billion per year, with international toll fraud comprising 65 to 80 percent of the total. Dan O’Shea, “Security Products Abound, But Is Toll
Fraud Too Tough?Telephonyvol. 225, No. 9, Aug. 30, 1993, pp. 7, 13.

25 Because cellular companies are unregulated, there are no public ratepayer issues with cellular fraud.
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monopoly, and records both the MIN and the ESN “Cloning” works a bit differently. Cloners pick
as an associated pair. up ESN/MINs on busy streets or highways with
When a call is initiated, the phone transmits itsscanning equipment that is legally available, al-
ESN and MIN to the cellular switch. This is donethough their use for this purpose is illegairhe
over a signaling channel, reserved for setting up devices typically monitor cellular signaling chan-
call between the handset and the switch. If the twaels, and display broadcasted ESN/MIN pairs.
match, then the call is permitted to proceed and &loners record these number pairs, and send them
voice channel is opened. If a call is made outsidé&o other cities, whose carriers may be unable or un-
the regular service area, the remote cellular conlikely to verify that the number is in use elsewhere
pany relays the ESN/MIN pair to the home com-or was so recently used in another place as to be
pany or to a regional database to check whether thgaudulent. In the remote city, a participant in the
number is valid (the negative number list), in acfraud scam uses a standard personal computer or
cordance with an industry standard, 1S-41. If it idaptop with legally available software to repro-
authenticated, the call is permitted to go throughgram the ESN/MIN in a cellular telephone, which
The air time and roaming charges are forwarded toan be done with existing external connectors to
the home company at the end of the call, and théhe phone8
two companies settle up periodically to clear out- This phone is then either sold or used by some-
standing balances. one wanting to make free calls or who does not
With traditional analog cellular systems, “tum- want to be traced, either by law enforcement agen-
bling” is quite simple. A fraud perpetrator (or cies who might have a wiretap order on a known
“pandit,” the preferred term) randomly or sequen-number or by the telephone company for billing
tially changes the ESN and/or the MIN after eactpurposes?® Because a fresh number has not yet
call. Because the cellular switch takes some timéeen identified as fraudulent in the negative num-
to verify each number, some proportion of callsber list, checking that database will not prevent
may get through the system before the system d&aud the first time itis tried. Depending on wheth-
nies access. Tumbling is currently not very prevaer the original owner of the stolen number notices
lent because cellular operators have installethe charges on the bill, and how often the data-
systems that can defeat it fairly easily. When GTEbases are updated, a cloner may be able to use the
installed its pre-call validation system in Decem-cloned phone for some time and run up a substan-
ber 1991, 25 percent of attempted fraudulent callgial bill. Real-time access to subscriber lists and
were denied connection. Other cellular carrier@ctivity records between companies handling
have even higher levels—for example, up to 6xalls is available in some markets for the purpose
percent by Ameritech Mobile Systems in Detroit,0f defeating such scams. Industry officials esti-
MI.26 Once the technology is deployed, bandits
typically move on to other forms of fraud.

26 Kumpf and Russell, op. cit., footnote 23, pp. 24-25.

27 These scanners are legitimately used by technicians in servicing cellular telephone equipment. They are designed to work within a very
short range, about 10 to 15 feet. However, it is a simple matter to make them receive over a larger area by boosting the power. These scanners are
readily available, including by mail-order.

28Phones could be made unreprogrammable, but there are legitimate reasons to keep them reprogrammable. One is the ability to change the
number if the service provider changes, without having to change phones. Another is to allow changes in case the phone is compromised by a
cloner.

29 Some reports put the street price of a cloned phone at $300, with a guarantee to replace it if the number is turned off. Michael Meresman,
“The Phone Clone ThreatiMobile Office vol. 5, No. 11, November 1994, p. 62.
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mate that, by the end of 1995, up to 70 percent afontinue to operate and be susceptible to fraud for
the U.S. carriers will have this capabif#. many years.

Today, if the customer notices fraudulent
charges and notifies his or her company, the coni7] Law Enforcement

pany willremove the charge, pay the long distanc@\jiering the ESN/MIN pair of cellular telephones
charges, reimburse costs to the remote companyiif, counterfeiting these numbers is covered by the
roaming has occurred, and absorb the loss. Comazme statutes as credit card or currency counter-
panies have done this since beginning operationgiting, in that fraudulent means are used to gain
in the early 1980s, but are under no legal obligaz.cegss to the telecommunications systéihus,

tion to do so. identifying and arresting perpetrators of cellular
) fraud is primarily the responsibility of the U.S.
[ Call Selling Secret Service, which has primary federal juris-

Call selling is an illegal activity conducted with diction over fraud. State and local law enforce-
cloned cellular telephones. In the view of CTIA, ment officials are also involved to some extent, as
this may be a greater revenue drain on firms thawell as the U.S. Drug Enforcement Administra-
simple cloning. In essence, in a call selling operation, U.S. Customs Service, and the Federal Bu-
tion, perpetrators set up their operation in a hoteleau of Investigation, depending on what other
room or an apartment with a number of cloned celerimes are perpetrated using a cellular telephone.
lular telephones. They advertise informally to im-The Secret Service has recently put 20 of its 1,200
migrant communities, among others, that theyagents through the Electronic Crimes Special
will sell calling time to their home countries sig- Agent Program, which prepares them for all types
nificantly below international rates. The defraud-of electronic crimes, including wireless fraud.
ers not only do not pay for the use of the Fraud investigation usually begins when a sub-
telephones, but they also receive cash paymenssriber or carrier identifies some suspicious activ-
for their use. Immigrant communities are willing ity—for example, a rapid increase in traffic at a
to spend a significant portion of their monthly in- particular cell site. The carrier will then locate the
come to call overseas, and are typically lookingsource of activity using radio triangulation tech-
for ways to reduce their calling costs. niques, and will turn this information over to the
Such fraud operations are highly profitable,Secret Service, who will attempt to get a warrant
less risky and much less physically dangerouand make an arrest. The cities with the most cellu-
than other types of organized crime, such as drulgr fraud are New York, Los Angeles, and Miami,
trafficking. As a result, some law enforcement of-but some of the recent large cellular phone fraud
ficials believe that cellular fraud will continue to operations have been outside these three centers:
grow significantly in the futuré! Cloners move inlate 1991 and early 1992, over 57,000 calls were
quickly to break new protection schemes, oftermade in 19 days by Palestinians in the West Bank
succeeding within six months of their introduc-and Gaza to other countries in the Middle East via
tion.32 The switch to digital technologies will of- Phoenix, AZ, in a three-way calling sc&fhBe-
fer users some protection, but analog systems witause the most costly element of cellular tele-

30 |bid, p. 64.

31 |bid, pp. 60-69.

32 Tom McClure, CTIA Fraud Taskforce head, interview, July 5, 1994,

3318 U.S.C., sec. 1029.

34 Anthony Ramirez, “Theft Through Cellular Clone Call§tie New York Timeépr. 7, 1992, p. D-1.
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phone fraud is international calling, companiegure of individual phones (each phone has slightly
are beginning to offer international service only todifferent electronic characteristics due to variation
those customers who specifically request it, abouin the electronic value of components, which
5 percent of all cellular subscribers. gives each phone a distinctive and identifiable
A number of technical efforts are under way toprofile).38 Digital technologies will also make
combat cellular (and by extension, other wirelesgloning more difficult. However, digital encoding
telephone) fraud. Handsets can be made more sechemes are known and can be broken, given
cure and difficult to cloné% and cellular switches enough time and computing power, even though
can be equipped with database and signal procegsie equipment to pick out numbers is more costly.
ing equipment and software to detect fraud and In fact, digital telephone standards 1S-41 and
stop itthere. Carriers are adopting personal identthe Global System for Mobile Communications
fication numbers (PINS) that must be entered GSM) provide one such digital scheme. Cellular
manually by the subscriber before a call can béelephones would be programmed with a secret
completed, as is done with electronic banknumber that would never be transmitted. During
cards36 The disadvantage of this method is thatcall setup, the handset would prompt the cellular
customers have to key in additional numbersswitch to transmit back to the handset a one-time
making calling less convenient. number. The handset would then generate a one-
Call screening systems with fast database antiime response based on its own secret number and
call pattern-recognition software are also beinghe transmitted number to validate the call to the
deployed. These systems work by monitoring theellular switch. Since one of the two numbers lies
past activity of a particular subscriber. If new ac-in the carrier’s database and changes with each
tivity does not fit the established pattern, the callgall, and the other number is never transmitted,
are flagged and the owner of the phone is coneach number is unique and impossible to reverse-
tacted to confirm unusual use. AirTouch, NY-calculate39 Next-generation digital cellular tele-
NEX, and Bell Atlantic Mobile have all begun to phones could perform this validation function
use these services within the past two years, arghsily, but existing analog telephones could not
report reductions of up to 75 percent in stolen minwithout expensive retrofitting.
utess’ It appears that cellular telephone fraud could be
Experiments are also under way with systemsninimized by technical means, if the costs of
that would identify the particular electronic signa-

35 Originally, the ESN was to be unprogrammable, a permanent part of the phone. However, cellular handset resellers resisted marketing
such handsets, because the cellular carriers (in general unrelated to the resellers) charged the resellers for establishing service, making account-
ing changes, and the like. Resellers insisted on programmable cellular telephones, which the carriers ultimately did not oppose, primarily be-
cause the carriers depend heavily on the resellers to market their system and provide customer service. Some observers believe that this business
dynamic between resellers and carriers is responsible for the technical configuration of cellular phones, which is inherently less secure than an
ESN that is not reprogrammable. Internet posting to Telecom Digest, coyne@thingl.cc.utexas.edu, Subject: Re: Bell Atlantic Mobile Joins the
PIN Crowd, Date: 10 Jan 1995, 20:12:46 GMT, Organization: the University of Texas at Austin, Austin, Texas.

36 This service configuration was introduced in late 1994 by NYNEX Mobile Communications and Bell Atlantic Mobile. The ESN/MIN
pair is transmitted over the reverse signaling channel, while the PIN is sent over the voice channel. Cloners are unlikely to be listening to both
channels simultaneously or be able to associate the two numbers. If the PIN is compromised, the subscriber can simply get a new PIN by phone,
rather than a whole new ESN/MIN, which is much more costly. Other companies have used variations on the PIN concept.

37 Meresman, op. cit., footnote 29, p. 62.

38Ellis Booker and James Daley, “Cellular Carriers Gain New Fraud-Detection We&pomguterworlgvol. 27, No. 44, Nov. 1, 1993, p.
71.

39 Meresman, op. cit., footnote 29, p. 32.
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stopping it were lower than the level of fraud, andESN/MIN pairs, and software used in altering
if users would be willing to forego the conve- ESNs, contributes to law enforcement’s problem
nience of simple number dialing. Law enforce-in policing fraud. Althougtsalesof scanners are
ment officials and other industry observers agredlegal**—other than to an employee, agent, or
that the problem is tractable. With more competi-contractor of a cellular carrier or government em-
tors in the marketplace for PCS, the ability of carployee with specific need—thepossessioris
riers to pass along these fraud costs will benot. The FCC is formally responsible for enforce-
limited. Carriers will likely have a greater incen- ment of this provision in the law, but has few re-
tive to limit costs by more vigorously limiting sources to do so. In fact, scanners are readily
fraud. They could press equipment manufacturersvailable through retail electronics stores and
for handsets that contain unclonable technologiesnail-order companies. These scanners are in-
to overcome the weakest link in the wireless seciended to be used for bench-testing only. They are
rity chain. As new technology is deployed thesupposed to comply with FCC rules limiting their
problem will diminish. However, industry offi- range to 15 feet, but this limitation is easily de-
cials believe that analog phones will be used ifeated by extending the devices’ antennas. Under
North America for a number of years, and will un-current law, a scanner is only illegal if it is used
doubtedly be targeted by bandits because they ay@th intent to defraud! which is difficult to
inherently less secure. It is likely that the fraudprove. Possession of or sale of ESN-altering soft-
problem will decrease, but itis unlikely that it will ware is currently not illegal. Penalties for cellular
disappear altogether. Bandits are notorious &taud include prison terms of up to 15 years, and
learning new techniques to defraud operators anghes up to $250,000.
SUbSCfiberS, and will IIker continue their efforts Law enforcement and the industry would like
with new technologies. to make theinauthorized possessiofia scanner
The level of effort the Secret Service devotes Qlegal, thereby closing what they consider to be a
wireless fraud is difficult to indicate in dollar significant loophole in the current law. They
amounts. Agency officials told OTA that the Se-\yoyid also like to make illegal the production,
cret Service would only handle major fraud casesyse, or trafficking in software used to alter ESNs.
Because there are technical fixes to much of th?hey argue that such legislation would also spread

fraud activity, it appears industry will have to dealhe hyrden of law enforcement to more agencies,
with lower level criminal activities on its own. enabling better enforcement.

The Secret Service sees its primary role as identi-

fying new fraud techniques, and then working )

with industry (which is itself conducting an exten- - Consumer Protection

sive antifraud program) to develop countermeaConsumers are not well informed about cellular

sures to combat those techniques. The agency fisud, its frequency, its methods of perpetration or

satisfied that carriers have been cooperative in reneans of identifying it. Many consumers do not

sponding to suggestions by law enforcementreceive itemized bills, and have no way of verify-

changes suggested by the Secret Service usuallyg billing accuracy?? Service agreements, own-

are made within three or four months. ers’ manuals, and bills themselves usually do not
The Secret Service and the industry agree thavarn users about the possibility of fraud. As noted

easy availability of scanners capable of picking umbove, wireless companies will generally absorb

4047 U.S.C., sec. 302(a).
4118 U.S.C., sec. 1029(a).
42 Many companies charge a supplementary fee to provide itemized bills.
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the cost of fraud that consumers identify. But unefforts to inform them, many users believe that
identified fraud costs are borne by the user, and adlellular telephones are as secure as, and operate in
fraud is reflected in higher costs to all customersthe same manner as, traditional wireline tele-
While service providers are moving steadily tophones. Clearer warnings that this is not the case
combat fraud once it is found, they may not bemay be in the public’s best interest.

alerting their customers to its possibility. Despite



Health
Issuesll

ver the past several years, concerns have been raised

about the potential health risks of portable cellular tele-

phones and emissions from radio antennas. These con-

cerns are rapidly becoming one of the most controversial
issues surrounding the widespread use of wireless technologies.
Although some research on possible adverse health effects has
been conducted, it has not been conclusive—government, indus-
try, and academic researchers agree that it is not yet possible to say
with certainty whether the devices or the antennas do or do not
pose a risk to human health or how serious any risk may be. As a
result, the long-term issues surrounding the health and safety ef-
fects of cellular telephones and other wireless devices remain un-
resolved. In the face of this uncertainty, the debate over the safety
of wireless devices and systems is likely to become an important
public policy problem as concerned citizens take their concerns to
state and federal policymakers and regulators.

OTA did not conduct an indepth assessment of the possible
health effects associated with radio communication devices and
systems. Nor did it exhaustively review and critique the health ef-
fects research conducted to date. Such an endeavor is properly the
focus of an additional, more narrowly focused study. Rather, this
chapter presents only a general overview of the research per-
formed to date, and discusses the controversy that surrounds these
issues.

FINDINGS

The debate over the safety of wireless systems is characterized by
high emotion and heated rhetoric—on all sides. Picking through
the rhetoric and separating fact from fiction will be extremely dif-
ficult for lawmakers and regulators as the controversy continues. | 241
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The findings presented below are based on the entfrequencies, power levels, and transmission
general state of research as it exists in early 1995. formats.

As more studies are completed, issues may be- Public concern persists over many forms of
come clearer; although evidence gathered to date radiation, including nonionizing electromag-
and the experiences of other public health-related netic radiatior? The willingness of the public
issues—including the controversies over electric to give credence to anecdotal reports of radi-
power lines and tobacco—indicate that resolution ation-induced human health risks is an endur-
of these issues could be years or even decadesing phenomenon. Maintaining the public’s
away. trust and confidence in technologies associated

= Scientific research to date has found no con-

clusive evidence that low power microwave
radio communication signals adversely af-
fect human health. However, currently
available scientific information is insuffi-
cient to conclude that there are no long-term
adverse health effects—either from hand-
held wireless communication devices or
from towers.1 Because of the paucity of data
on biological and health effects, and the ambi-
guity in the results of research conducted so far,
neither public interest advocates nor industry
have made a clear and convincing argument
sufficient to prove their case. All parties agree
that more research is needed to determine
whether there could be any health effects from
long-term exposure to radio frequency (RF)
radiation at the power levels used by wireless
communications devices, what they might be,
and how serious a risk they could pose. Specifi-
cally, additional research will be required as
new technologies are developed that use differ-

with radio waves demands extraordinarily high

levels of responsible scientific work and policy

development. Given the character of public

concern over many types of hazards in the envi-
ronment, the technical complexity of new wire-

less systems, the difficulty the public has in

understanding the complex results of scientific
research, and the likelihood of many more ra-
dio devices working at new frequencies and
with new technologies, it may be prudent for

the federal government, including Congress, to
continue to monitor technology and industry

developments and the ongoing research into
wireless health issues.

Industry has taken some steps to address
public concerns, and is making substantial
funds available for research. However, espe-
cially in health-related areas, it may be difficult
for the public or policymakers to trust that
industry-funded research will always be con-
ducted in an objective mann8&ome continu-
ing federal role—as an overseer of

1U.S. Food and Drug Administration, “Talk Paper” on cellular telephone safety, 1993; U.S. Federal Communications Commission, Office
of Engineering and Technology, “Information on Human Exposure to RF Fields from Cellular Radio Transmitters,” 1994, Institute of Electrical
and Electronics Engineers, “Position Statement on RF from Portable and Mobile Phones and Other Devices,” 1992; U.S. Congress, General
Accounting Office Status of Research on the Safety of Cellular TelephG#e3/RCED-95-32 (Washington, DC: November 1994), pp. 3-4,
15; Mark Fischetti, “The Cellular Phone Scat&EE Spectrumyol. 30, No. 6, June 1993, pp. 43-47; “Cellular Phone Industry Research Group
Sees Need for ‘Basic Information in All Areas’; Proposals Under Revidigfowave NewsSeptember/October 1994, pp. 9-10; Scientific
Advisory Group on Cellular Telephone Reseahaterim Status Report: Potential Public Health Risks from Wireless Technology: The Devel-
opment of Data for Science-based Risk Management Decisionnidkin@9, 1994, p. 4; “SAG Chairman Comments on Significance of Re-
search Agenda; Proud of Group’s Track Reco@gllular Telephone Updateol. 2, No. 1, Fall 1994, p. 2.

2 Although “radiation” is the preferred technical term when discussing radio wave emissions from wireless transmitters, radio communica-
tion radiation should be clearly differentiated from the harmful ionizing and particulate (“hard”) radiation associated with nuclear energy. These
two types of radiation are not the same. Public concern about all forms of electromagnetic radiation may be fueled by a misunderstanding of the
technical terms involved.
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industry-funded work, as a participant in  expansion of existing systems) should continue.
the research and testing process, or in Both sides have evidence—scientific studies, sta-
mounting its own research program—may tistical records, and anecdotal reports—they be-
be desirable to assure research integrity and  lieve supports their case. The result is a confusing
to maintain high levels of public trust and  and often conflicting body of scientific and medi-
confidence in these technologies. cal literature.

A vigorous federal government role is par-  |n disputes like this, identifying and evaluating
ticularly important given the difficulties in sk to the public is often difficult. Many elements
evaluating technologies that have not Yetontribute to understanding risk, and often these
reached large-scale deployments. As wirelesgre confused, misinterpreted, or misrepresented.
technologies become more ubiquitous, unany, many cases, the elements become divisive pub-
ticipated interactions or consequences may aRjc nolicy issues as different groups with different

peir. What éllppe_arsh tcl) é)e a nzghglgle olr erspectives battle over what s legitimate, accept-
unknown problem in the 1ab or atreduced sca ble, and “true,” and what is not. In situations

vn\ji?i)élturgeo?g tg dhaa\lls‘,a stlgn'?ﬁ:néaif;eiﬁgv :;ean here individuals cannot avoid exposure—as in
y deployed, S he case of radio waves—it is the role of govern-

paint and asbestd4.ong-term monitoring of .
the effects of radio frequency exposure on mer_1t through the reg_uIaFory and policy process to
humans may be necessary to avoid surprises decide what level of_rl_sk is acceptable anq to enact
and persistent public uncertainty. the necessary provisions to protect public health.
To focus government resources and policy efforts
THE CONTROVERSY SURROUNDING most effectively, it is important for policymakers
HEALTH EFFECTS _and |reg?ju_lators Ito gnderrftar_ldkthe different stages
_ involved in evaluating this risk.
The debate over the possible health effects from The first step in assessing this type of risk is es-

the radio waves used by cellular telephone ang o ;

) . L ablishingcausality—what effects are due to what
other mobile communications systems is mtenseéauses and how certain is the relationship be-
ly polarized. On one side, some citizens and a few ’ P

researchers are firmly convinced that such raditt)\’ve?n them. D'SpUteS can arise between different
waves pose a substantial health risk to publi@@tiés claiming that effects are or are not
health. They believe that cellular phones shoul@SSociated with particular causes, and disagree-
be redesigned or banned and that construction Sf€NtS frequently center on the adequacy of the
new radio transmitters and antennas, especiarlf/:'enc_e that supports a particular position. This is
those needed for cellular and future personal conffue with radio wave radiation and its effects on
munications services (PCS) systems, should pahimal tissues. High-power microwave radiation,
restricted and perhaps even stopped. (Radio intefor €xample, is known to produce thermal effects
ference with medical devices such as pacemakef§eating), but the possible nonthermal effects of
is addressed in chapter 12.) On the other sidéadio waves, which include changes in cell mem-
equipment manufacturers and service providergrane permeability, cell metabolism, or on genetic
maintain that there is no credible evidence thamaterial, are more contentious. A few researchers
their products and services threaten human healthave found some such effects, but results are still
Without clear and definitive proof of harm, they considered tentative, and the mechanisms causing
argue that the development of new systems (anithem are not well understood.

3 George Brandon, “Pulling Together an Electromagnetic Field Defense: Defendants Need a Coordinated Strategy for the Mass Tort Some
Call the ‘Asbestos of the ‘90s,The National Law Journalug. 1, 1994, p. B19.
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The second element in assessing risk is demomot limited to test groups in experimental settings,
stratingharmfrom the effects. Even if a cause andbut also takes place among the public where a
an effect can be positively linked, this does notechnology can be fully and vigorously evaluated
necessarily mean that harm results. Making thisn real-world conditions. For example, software
connection is at the heart of current debates ovgiroducers expect bugs in early releases of their
the safety of radio communication systems. In throducts because they know they cannot com-
case of radio waves’ effects on animal tissues, thigletely test programs and applications on their
means that any observieidlogicaleffects needto own beforehand.
be clearly linked to observelgealth problems. Most technologies fall somewhere between
Heating effects have been shown to cause adverigsse two positions: initial experimentation is ex-
health reactions, burtot at the low power levels remely limited in scale and scope, often confined
used by today’s cellular telephones. Determininggely to the laboratory. Next, the technology or
har_m is more difficult w_|th nonthermal effects— product is subjected to more rigorous evaluation
which might affect basic cell functions that arey, see i hazards exist. After a period of controlled
only now beginning to be understood—and will ye.gting and evaluation, standards may be issued by
be the subject of long debate. . therelevant technical body, such as the Institute of

In any case, some people will view any bIOIOgI'Electric and Electronics Engineers (IEEE). These
cal effe_cts as harmful, whether or not there are any,- ndards may be accepted by government regula-
actual |mpafct§ En hgalth., Funda_mental.ly,_ an "."S[brs, and become enshrined as substantial bench-
sessment of risk and one’s reaction to it is quite .\ - guiding general and large-scale use and

subjective and personal. For example, many,
: o ... _deployment of the technology or product.
people are afraid to fly, although airline fatalities If new information about hazards or other nega-

are rare. On the other hand, automobile safety re- .
y (ﬁve effects later comes to light, the standard may

ceives far less public scrutiny, even though tens Obe changed with the agreement of the standards

thousands die annually from highway accidents.b di q | ch hi
In trying to evaluate the possible harm from ra-, odies and regulators. Changes at this stage may

dio communication systems, different groups disPe difficult due to the institutional interests sur-

agree over whattandards of procghould be used rounding the status quo and the changing standard

to determine safety or harm—that is, what proof i€f Proof required to attend to problems. With
adequate to prove or disprove potential adversgchnologies or products such as asbestos, lead
health effects. One view requing®of of no harm  Paint, or tqbacco that come to be seen as hazgrd—
before a technology is deployed. This approach i8US; the firms that manufacture them have, in
generally taken, for example, by the pharmaceutiany cases, successfully resisted efforts to label
cal industry and the U.S. Food and Drug Administhem as bad for health, despite steadily mounting
tration: firms must show, through extensive€vidence to the contrary.
self-funded testing, that a new drug has few signif- Another issue in determining harm is thteg-
icant known adverse effects when used as prdity of the process by which research is conducted,
scribed. including that of the people performing the work.
An alternative approach is to permit a technolo4f research is conducted in a way that raises ques-
gy to be deployed, under certain guidelines, untitions of bias or poor quality, then such work will
it can be shown convincingly that negative effectdail to settle questions about cause and effect, as
result, omo proof of harnfnote word order differ- well as potential hazards. Charges of bias, ignor-
ence from above). In this case, experimentation isg contrary evidence, or slipshod research meth-

4 This difficulty in testing before full-scale release poses particularly acute problems for systems that operate highly reliably the first time,

but cannot easily be subjected to real-world tests, such as antiballistic missile system software.
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ods may be unfounded, but nevertheless must be Faced with a technical and policy controversy
taken seriously. Failure to demonstrate good faitlsuch as this, policymakers have difficult choices
or adherence to good scientific practice in thao make. If a technology is already being widely
process by which information is gathered andused, as is the case with many wireless technolo-
evaluated may lead to continuing controversygies, using a “proof of no harm” standard is un-
The makeup of research teams, lack of financial arealistic. Television broadcasting towers, public
other ties to firms with a stake in the outcome, faisafety radios, cellular towers and antennas, and
and open evaluation of research proposals and reand-held cellular telephones have been deployed
search results, open publication of results or othefor years, and are used by tens of millions of
public reporting requirements, participation by allpeople. Stopping these systems until definitive
interested parties, regardless of their affiliation—testing can be done is not realistic in today’s politi-
all these contribute to the integrity of the researcleal climate. However, finding out about possible
process. These factors are also essential to redugarm through monitoring and active research is a
ing public concerns about research bias, and to indable option. Identifying early indications of ef-
creasing public trust and confidence in thefects or harmis in the public interest, even if short-
technologies or products in question. term costs are high. Research to determine
In the face of inconclusive and ambiguous evicause-and-effect relationships, and to ascertain
dence, different groups have different reactionsthe extent to which and under what circumstances
Opponents of widespread deployment of cellulaharm may ensue, is essential. Some researchers
and PCS facilities, and those claiming that cellulaglso suggest that those concerned about possible
telephones promote cancer, argue that the industRazards from electromagnetic radiation practice
should be held to the “proof of no harm” test.“prudent avoidance,” which is avoidance of emis-

Without convincing proof of their safety, some sjons where it is economically, operationally or
people believe that antennas and towers should kysically easy to do sv.

restricted or moved and phones should be rede-

signed or prohibited altogether, even those th
conform to current safety guidelines. The WiEbS?JOLOGlCAL AND HEALTH EFFECTS OF

industry, on the other hand, argues that there h IRELESS TELECOMMUNICATIONS

been no proof of harm to date, and that changes [gellular and other radio communications devices
standards and use of the technologies should oghould be distinguished from low frequency elec-
cur only when substantial and persuasive proof dfomagnetic fields found around electric power
harm is demonstrated. The industry also argue#es. Electric power systems in the United States
that it is funding research into biological andoperate at a low frequency of 60 cycles or hertz
health effects, and that this research will helgHz) and at high power, while cellular telephones
settle disputes about the safety of microwave raeperate at much higher frequencies, 800 to 900
dio frequency technologies. Compromise beimegahertz (MHz), and at extremely low power
tween these two groups will be very difficult, levels. New PCS systems will operate at even
because their reactions to uncertainty are based twgher frequencies, 2 gigahertz (GHz) and still
diametrically opposed philosophies—stop untillower power levels. Researchers have established
safety is guaranteed or keep going until harm ishat the effects of electromagnetic radiation vary
proven—and both hold up different standards ofjyreatly with frequency and power levels, and em-
proof. pirical work over the last several decades has been

5See U.S. Congress, Office of Technology AssessrBasigical Effects of Power Frequency Electric and Magnetic Fi€ldsA-BP-
E-53 (Washington, DC: U.S. Government Printing Office, May 1989), pp. 77-80 for a discussion of prudent avoidance in the context of electric
power line electromagnetic radiation and potential human health effects.
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conducted to determine safe levels at various com- There are two fundamental issues concerning
binations® Because of this variability, however, radio-frequency electromagnetic radiation and
effects found at one level are not generalizable thuman exposure. The most obvious is the thermal
other frequency/power combinations—indepen-or heating effect of such radiation on tissue. It is

dent research must be conducted. well known that high-power radio waves will gen-
erate heat in exposed tissues. Microwave ovens,
1 Research Is Inconclusive high-powered radars, and other high-power mi-

crowave devices, for example, radiate energy—a

While considerable research has been conductesqna” portion of which is absorbed by body tis-
on the effects of electromagnetic fields generallysues. The rate at which this energy is absorbed is

very little work has yet bee’.‘ done on the IOOSSibI%alled the specific absorption rate (SAR). Ab-

| K i th ting i< the lack pical microwave oven operates at about 600
ar weakness in the existing literature is the lack of, 1< ot 2450 MHz). The higher the power level

research on the impact of long-term exposures. y,o yore heat is generated at a given distance for a
_ The data that does exist paints an ambiguo iven sample, and the higher the frequency, the
picture. Some—but not all—research conducte

_ ore of the incident energy is superficially ab-
on cells and animals suggests that exposures Qrbed.

fields with characteristics similar to those gener- The thermal effects of radio communication

a_ted b_y cellular ph_ones may cause behavioral ar}ﬁjevices are generally not considered harmful.
biological effects, including abnormal cell growth Wireless devices are required to comply with

anld mcfrea;]sed '”‘gqe”,ce Olf r_nallglngnéldé'il;}el(re-b well-established standards governing human ex-
sults of other studies Involving claimed links be-;, ¢, e 1o electromagnetic radiation. These stan-

'(tjv_v;enl radio waves and cancer are inconsistent a@‘irds incorporates a substantial safety factor as a
ffficult to Interpret. cushion against unanticipated effects or exposure

[GAQ] has concluded that [no] research has in unusual situations. As aresult, researchers have
been completed on long-term human exposure been unable to measure heating of tissue at the low
to low levels of radiation specifically from por- power levels used by hand-held cellular tele-
table cellular telephones. Research findings on phones. Microwaves do not penetrate metal, so
exposure tg_ ott_her sources Ofllo"f"le"g' rad'?'fl;e' shielding against them is fairly straightforward. In
quency radiation are INConCciusIve. some 1abo- 4 yjition power densities decline rapidly with dis-
ratory studies show that biological effects can

tance from the source, so exposure can be reduced

occur when animals and cells have undergone by | . h | | d intaini
extended exposure to low-level radio-frequency y lowering the power level and maintaining

radiation; others do not. Scientists at FDA and Proper distances from operating antennas. _

EPA said that existing research does not provide The second, and more controversial, issue is
enough evidence to determine whether portable the possibility that RF radiation may cause non-
cellular telephones pose a risk to human héalth. thermal effects, including changes in genetic

6 For recent reporting on low-frequency power effects, see Tekla S. Perry, “Today’s View of MagneticlEEESpectrumyol. 31, No.
12, December 1994, pp. 14-23. High frequency standards are dealt with in Institute of Electrical and Electronics Ezigih&tasdard for
Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to| BEEG5.1 1991, approved by
IEEE Sept. 26, 1991, approved by the American National Stardards Institute Nov. 18, 1992, (New York: Institute of Electrical and Electronics
Engineers, November 1994).

7 See U.S. Congress, General Accounting Offige cit., footnote 1, pp. 29-31, for a brief review of this literature.
8 Ibid, p. 3.
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BOX 11-1: Origins of Recent Concern About Brain Cancer and Cellular Telephones

Public concern about low-power, high-frequency radio devices such as cellular telephones has its ori-
gins in a wrongful death lawsuit filed in April 1992, by David Reynard against his cellular telephone compa-
ny, alleging that his wife’s frequent and prolonged use of her cellular telephone contributed to her death by
brain cancer. The story was first reported in the Ft. Lauderdale Sun-Sentinel, and received widespread
attention following an interview with Reynard by Larry King on the CNN television network in January 1993.

News of the suit led to a significant drop in the stock prices of cellular companies and led to efforts by
the companies to assure the public that cellular telephones are safe. While there was broad public concern
at the time about the safety of the devices, committed users apparently were unwilling to forego use of the
phones: cellular telephone subscription rates and usage did not significantly drop during this time. The
case was dismissed on May 17, 1995, for lack of evidence meeting Florida’s standards for admissibility. ’
There are currently seven other cases pending on the safety of cellular telephone use.

'H. David Reynard, et al., v. NEC Corp., et al., “Order,” in United States District Court, Middle District of Florida, Tampa Div., case
no. 94-825-CIV-T-21 E. See also John Schwartz, “Court Call Favors Cellular: Judge Throws Out Claim of Link to Brain Cancer, " The
Washington Post, May 20, 1995, p. A2.

SOURCE: Office of Technology Assessment, 1995.

structure, the changes in the permeability of cell ~ of microwave effects on DNA has aso been re-
membrances, and disturbances in cell metabolism.  ported, but not yet confirmed.’

These nonthermal effects theoretically could oc-
cur at lower power levels and under different mod- CExposure Standards Are Still
ulation schemes than would be necessary to Being Debated

generate thermal effects. Much research in this €ing Lebate _
arearemainsto be done, as government, industry 10 protect people from harmful exposure to high
and the academic communities agree. While there  Ievels of electromagnetic energy, the Institute of

is no evidence that low-power, high-frequency ra-
dio signals cause cancer in cells, the possibility
has been raised that such low-power radio waves
could stimulate the growth of cancerous or pre-
cancerous cells, although early evidence is very
weak (see box 1 1-1). Some preliminary evidence

Electric and Electronics Engineers (IEEE) devel-
oped standard IEEE C95.1, which was revised and
adopted by 1EEE in September 1991 and ap-
proved by the American National Standards Insti-
tute (ANSI) in November 1992.” Essentially, the
standard says that devices operating between 100

‘Henry Lai and Narenda Singh, “Acute Low-Intensity Microwave Exposure Increases DNA Strand Breaks in Rat Brain Cells,”” Bioelectro-
magnetics, vol. 16, spring 1995, forthcoming. See report in “Microwaves Break DNA in Brain; Cellular Industry Skeptical,” Microwave News,

vol. 14, No. 6, November/December 1994, pp. 1, 11-13.

“Ingtitute of Electrical and Electronics Engineers, IEEE Standard for Safety Levels with Respect to Human Exposure to Radio Frequency
Electromagnetic Fields, 3 kHz to300GHz, |EEE C95.1 1991, approved by |EEE Sept. 26,1991, approved by the American National Standards
Institute Nov. 18, 1992 (New York: Institute of Electrical and Electronics Engineers, November 1994). These standards are based on several
decades of biological and radiological work, particularly on the question of electromagnetic radiation and cancer. For the most recent version of
the standard, promulgated in 1991 and 1992, the standards committee had 14 biological evaluation working groups, with 125 scientists, physi-
cians, and engineers drawn from academia, the private sector, and government. Similar standards have been adopted by other organizations as

well.
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MHz and 450 MHz are within permissible limits if was last reviseé? Too little is known about the
they radiate less than 1.4 watts, and the radiatingnechanism(s) by which nonthermal effects oper-
structure is at least one inch from the b&Hjt  ate to set standards for exposure, presuming harm-
higher frequencies, the permitted power leveldul nonthermal effects exist. As the IEEE standard
drop: for example, at 1500 MHz, the limit is 0.4 document notes:

watts. Most hand-held telephones used in the  pjgjggical effects data that are applicable to
United States operate at no more than 0.6 watts. ymans for all possible combinations of fre-
Mobile telephones (installed in cars) are permitted guency and modulation do not exist. Therefore,

to emit up to 3 watts because car phone antennasthis standard has been based on the best avail-
are installed outside vehicles away from close hu- able interpretations of the extant literature and is
man contact. These levels are considerably below intended to prevent adverse effects on the func-
the 4 watt per kilogram energy absorption thresh- tioning of the human body. . . .

old identified in the scientific literature as the low- Research on the effects of chronic exposure
est level at which adverse effects due to heating and speculations on the biological significance
had been noted and replicated. In a December of nonthermal interactions have not yet resulted
1992 report, IEEE concluded that “prolonged ex- in any meaningful basis for alteration of the
posure at or below the levels recommended in standard. It remains to be seen what future re-
these guidelines is considered safe for human search may produce for consideration at the time
health.” of the next revision of this standakd.

The exposure limits in the standard were Disputes over biological and health effects re-
derived from work done by the U.S. Navy and thevolve around the continued acceptability of this
IEEE before 1960, and reviewed and revised evstandard as new research is perfordreds of
ery five years, according to ANSI policy. Becausespring 1995, the FCC was still considering wheth-
of this historical foundation, the standard princi-er to adopt the C95.1-1992 standardifbdevices
pally addresses concerns about the thermal effeatperating at microwave radio frequencies. Analog
of microwave radiation. Nonthermal effects, cellular telephones are presently exempt from
while reportedly discussed in the standards comtesting under FCC rules because of their low pow-
mittee deliberations, are not directly addressed bgr levels. However, the FCC indicated in 1994 that
the ANSI/IEEE standard, in part because little rePCS phones would be subject to testing and SAR
search on them had been done when the standdalel limitations unless their maximum power

11This is a conventional way of stating the levels permitted under the standard, expressed in terms of what levels the emitting devices may
have. The standard actually says nothing about emitting devices, but specifies exposure levels for humans, and is considerably more complex
and detailed: it covers a wide range of frequencies (from 3 kHz to 300 Ghz), and power levels, measured as electric field or magnetic field
strength or power density, depending on the frequency range. Compliance with the IEEE/ANSI standard also requires that, at cellular phone
frequencies, actual exposure for the general public (measured by the specific absorption rate) not exceed 0.08 watts per kilogram whole-body
average or 1.6 milliwatts per kilogram peak exposure in any one gram of tissue over 30 minutes. The maximum power density level is 0.57
milliwatt per square centimeter of tissue for over the whole body. These levels are somewhat different for other radio devices, such as ESMR,
PCS or police radios. See Mark Fischetti, “The Cellular Phone St&EE’ Spectrumyol. 30, No. 6, June 1993, pp. 44, 46.

12 |EEE notes that most reports of biological effects have dealt with acute exposures at relatively few frequencies rather than with chronic
exposures, and its work reflects this data base. The cutoff date for the literature review on which the standard depends was December 1985, with
some carefully selected exceptions. See Institute of Electrical and Electronics Engineers, op. cit., footnote 6, p. 26-27.

13 |nstitute of Electrical and Electronics Engineers, op. cit., footnote 6, p. 21.

14 bid., p. 24.

15| ouis Slesin, publisher dicrowave Newds a careful exponent of those advocating increased attention to biological effects of high-fre-
quency, low-power electromagnetic radiation on humans. See for example, “Cellular Phones: Why the Health Risk Can't Be Dismissed,”
crowave Newsvol. 13, No. 1, January/February 1993, pp. 1, 11-12.
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BOX 11-2: Statistics and large numbers

In 1991, there were approximately 17,600 deaths caused by brain cancer in the United States and
about 514,300 cancer deaths overall. The cancer rate, between five and six deaths per 100,000, has not
changed significantly over the past decade. 'In a population of 180 million adults 20 years old and above,
there are about 20 million cellular telephone users, or about 11 percent of the adult population. Mathemati-
cally, one would expect about 1,956 cellular telephone users to get brain cancer, independent of any spe-
cific cause. The National Cancer Institute, a part of the National Institutes of Health, estimated that there
would be 350 new cases of brain cancer among cellular telephone users in 1993:It is unknown how many
actual cases occurred, since data on cancer and cellular telephone use is not yet available.

The lesson in these numbers is that, just because someone uses a cellular telephone and gets cancer,
there is no reason to assume it is the phone thatcaused it. Because the numbers are so small, it would be
difficult to distinguish cancer due to cellular telephones from other possible causes. If it were scientifically
proven that cellular telephone users contract cancer at rates above the average, all other things being
equal, it might be concluded that cellular telephones had a role to play. But even this is difficult to say with
certainty because so many factors contribute to the incidence and growth of cancer.

*Letter from Dr. F. Kristian Storm, Professor, Departments of Surgery and Human Oncology, University of Wisconsin, Comprehen-

sive Cancer Center, to Rep. Edward Markey, Feb. 2, 1993.

SOURCE: Office of Technology Assessment, 1995.

*Mark Fischetti, “The Cellular Phone Scare,” IEEE Spectrum, vol. 30, No. 6, June, 1993, pp. 43-47.

output was less than 0.1 watt and a 2.5 centimeter
separation was maintained between the user and
any radiating structures. 1 he standard has been
endorsed by the cellular industry and the FDA’s
Center for Devices and Radiological Health, but
EPA, the National Institute for Occupational Safe-
ty and Health and others have objections.”

OResearch Activities

Research into the possible health effects of radio
communication devices and systems is underway
in avariety of ingtitutions, including work spon-
sored by the cellular telephone industry. Ques-
tions have been raised about the potential bias of

*Microwave News, vol. 14, No. 5, September/October 1994, p. 8.

“Microwave News, vol. 14, No. 3, May/June, 1994, p. 13.

such work,” but these concerns appear to have
been addressed.” Planned research may provide
some answers to recently raised questions about
the health effects of wireless telecommunications.

Research is concentrated in epidemiology, do-
simetry, toxicology, and clinical studies. Through
statistical studies of large populations, epidemio-
logical studies seek to determine whether the oc-
currence of a disease can be associated with
characteristics of people or their environments
(see box 11-2). Dosimetry studies attempt to de-
velop appropriate models of exposure relevant to
human use of cellular and other wireless telephone
use. Laboratory studies use controlled experi-

*U.S. Congress, General Accounting Office, Status of Research on the Safety of Cellular Telephones, GAO/RCED-95-32 (Washington,

DC: November 1994).

“Letter from Dr. George Carlo, Chairman, Wireless Technology Research, to Mr. Keith O. Fultz, Assistant Comptroller Genera, Re-

sources, Community and Economic Development Division, U.S. General Accounting Office, Apr. 10, 1995.
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ments with cell tissues or animals to ascertain thand waveforms make it difficult to know the appli-
biological effects of particular radio-frequency cability of research findings in the United States.
emissions. These types of studies, epidemiologidn the United Kingdom, the National Radiological
al and laboratory, are necessary to assess whettmotection Board is developing computer models
there is a health risk to the population. to characterize the fields induced in the human
Two major research programs are being conhead by hand-held devices. Both German Telkom
ducted in the United States. In the first, Motorolaand the Research Association for Radio Applica-
a major manufacturer of cellular telephones andions—a consortium of manufacturers and cellu-
switching equipment, is funding a number of stud4ar providers—are sponsoring behavioral and
ies, some of which are published in the peer-rehealth effects research in Germany. The European
viewed literature. The other major researchCommission commissioned a study of thermal
program is a three-to-five year effort, estimated tand nonthermal health effects from wireless de-
cost upward of $25 million, funded by the cellularvice emissions in late 1994. The study is being
telephone industry using an unrestricted depositeonducted at the Center for Personkommunika-
only escrow fund that may be increased as retion at Aalborg University, Denmark.
search questions are refird.This effort is The credibility of industry-funded research de-
overseen by Wireless Technology Researcipends onanopen process, extensive peer and gov-
(WTR) (formerly the Scientific Advisory Group ernment review, adherence to accounting and
(SAG)) 21 and will support a number of multidis- auditing standards, no-strings-attached funding,
ciplinary studies in epidemiology, cell cultures, appropriate research questions and methods, and
test models, and geneti#%Both analog and digi- timely disclosure of research results. For the
tal transmission formats will be examined at pow-CTIA-sponsored effort, the peer-review panels
er levels and frequencies used by current cellulaaind the research itself are funded through an es-
systems, as well as those of proposed PCS. The rerow account to provide for strict independence.
sulting scientific work is subjected to review GAO (see below) questioned whether the research
through an independent peer-review board coordiefforts conducted under the cellular industry pro-
nated by the Harvard University School of Publicgram could be considered truly objective and
Health’s Center for Risk AnalysfS.Results will  credible; the WTR established a new nonprofit ad-
be submitted for publication in the scientific liter- ministrative structure to manage the research
ature. funds and altered its funding and supervisory
Research on cellular telephone health effects istructures to respond to GAO’s conceth§&ov-
also being conducted in Europe, although differernment funds might be contributed to the effort,
ences in transmission frequencies, power levels,

20 Interview with Scientific Advisory Group (now Wireless Technology Research) staff members, March 29, 1995.

21 Membership of the Scientific Advisory Group consists of Dr. George L. Carlo, of the Health & Environmental Sciences Group, Ltd., and
George Washington University; Dr. lan Munro, of CanTox, Inc.; and Dr. Arthur W. Guy, University of Washington, Seattle. On Mar. 31, 1995,
the SAG became Wireless Technology Research, LLC.

22 scjentific Advisory Group on Cellular Telephone Research, “Potential Public Health Risks From Wireless Technology: Research Agen-
da for the Development of Data for Science-Based Decisionmaking,” (Washington, DC: Scientific Advisory Group on Cellular Telephone Re-
search, Aug. 25, 1994).

23 Details of Wireless Technology Research and associated activities can be dinetess Technology Updaits organization newslet-
ter published in Washington, DC.

24 |_etter from Dr. George Carlo, Chairman, Wireless Technology Research, to Mr. Keith O. Fultz, Assistant Comptroller General, Re-
sources, Community and Economic Development Division, U.S. General Accounting Office, Apr. 10, 1995.
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but the WTR believes that bureaucratic and budgdevices for use and assures that their emission lev-

et constraints make this unlikely. els meet safety standards.
The study also concluded that little research on
[0 Government Initiatives the health effects of wireless telecommunications

The General Accounting Office (GAO) com- devices on humans is planned by the federal gov-
pleted a short study of research performed on th@'hment, with the exception of an epidemiological

safety of analog cellular telephones in Novemberstudy by the National Cancer Institute to be com-
1994. The report notes that no one federal reguldleted in 1997 or 1998. In 1984, the Environmen-

tory agency in the United States has responsibilitjal Protection Agency convened an interagency
for wireless communications device emissionsworking group on electromagnetic frequency

EPA has overall responsibility for advising the radiation, composed of scientific specialists. The

government on EMF exposures, the FDA estabFood and Drug Administration is establishing an

lishes standards for devices that emit radiationgversight group that includes policy specialists as
and the FCC approves wireless communicationsell.2>

25 Members include the U.S. Food and Drug Administration, the U.S. Environmental Protection Agency, the National Telecommunications
and Information Administration, the National Institutes of Occupational Safety and Health, and the Occupational Safety and Health Adminis-
tration.



Electromagnetic
Interference

Wireless Devices

s new radio devices and wireless systems proliferate, par-

ticularly at low power levels and in nontraditional ap-

plications, and with the increasing numbers of other

passive electronic devices in society, radio frequency in-
terference among them may become an increasing problem. As
devices become smaller, people are increasingly likely to carry
and use them in situations unanticipated by designers. Nonradio
electronic devices such as personal computers have not necessari-
ly been designed to be immune from wireless telecommunica-
tions emissions, and can also cause interference to radio
receiverst This chapter discusses how wireless devices and sys-
tems may interfere with each other as well as with other electronic
equipment and identifies some possible solutions.

FINDING

Interference between different wireless systems and between
wireless systems and other electronic devices is potentially seri-
ous, but also is amenable to technical and regulatory solutions.
Wireless devices can cause interference to electrical components
and vice versa, and as new generations of digital radio equipment
become widely used, these problems may increase in the short
term. However, installation of lower power microcells, improved
shielding, and electrical design techniques can usually mitigate
most interference problems. In cases where other solutions are
not feasible, carefully targeted use restrictions may be required.

1 causes of interference include high clock rate timing pulses used in computers, vid-
eo games, etc., and their harmonics.

and

v

12
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BACKGROUND

Any short length of wire in an electronic circuit or
in an integrated chip can act as an antenna when

exposed to radio waves and give rise to electrimterference (EMI) is an inherent property of radio
currents that may interfere with the normal operaer television transmissions, electric motors, and
tion of the circui This potential electromagnetic household switches, as well as natural phenomena

2K. J. Clifford, et al., “Mobile Telephones Interfere with Medical Electrical Equipméuistralian Physical & Engineering Sciences in
Medicine,vol. 17, No. 1, 1994, p. 23.
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such as lightning, aurora borealis, and sunspot ad-e increasing use of spread spectrum, including
tivity.3 To protect against it, shielding—either in Code Division Multiple Access (CDMA) tech-

a metal case or special shielded wire—or bettenologies, has also led some engineers to predict
circuit design is necessary. Most of the time dethat, with a large number of users, interference be-
signers anticipate problems, and build devices natveen competing devices may make the systems
subject to interference when used as directedinusable.

However, there are cases in which devices are not

shielded adequately against EMI, many involving
medical devices. INTERFERENCE WITH MEDICAL DEVICES

While many of the reported EMI problems in- Medical _devicgs can be gffected by interference
volve older analog radio transmitting devices, thérom radio devices, including cellular telephones,
wireless industries are increasingly turning to dignd this has recently become a public issRace-
ital transmission formats to improve quality andmakers, apnea monitors, blood-gas pumps, hear-
increase capacity. This transition may pose nednd aids, wheelchairs, and electronic imaging
EMI problems because digital equipment may in-devices have reportedly been interrupted or inter-
teract with other devices in unpredictable waysfered with in the presence of cellular telephones or
For example, digital Global System for Mobile other radio device$In some cases, deaths have
Communications (GSM) handsets and Time Divi-occurred, though none have been attributed to cel-
sion Multiple Access (TDMA) telephones emit lular telephones. In spring 1995, pacemaker wear-
higher strength peak electric fields than do analogrs were warned not to use new digital cellular
telephones, while maintaining the same averagghones because of interference probléms.
power levelst This scheme results in better trans-  Specific problems have surfaced with new digi-
mission and reception at a lower average powerl mobile telephones and hearing aids. Time divi-
output—extending battery life—but it may also sion digital transmissions can produce loud audio
cause greater interference than analog phonesnesin some hearing aid models and other analog

3 EMI effects increase with power and decrease with distance.
4 Stewart Fist, “GSM and TDMA digital phones,” April, 1994, unpublished manuscript.

5 Jeffrey L. Silberberg, “Performance Degradation of Electronic Medical Devices Due to Electromagnetic Interféoempkghce Engi-
neering fall 1993, pp. 25-39; “Cellular Telephones and Radio Transmitters: Interference with Clinical Equipedmiglogy for Respiratory
Therapyvol. 14, No. 5, November 1993; Tom Knudson and William M. Bulkeley, “Stray Signals: Clutter on Airwaves Can Block Workings of
Medical Electronics, TheWall Street Journalvol. 223, No. 116, June 15, 1994, pp. A1, A12.

6 Some documented illustrative examples:

- A fetal heart beat detector picked up radio and CB broadcasts and static instead of heart beats.

« A ventilator malfunctioned due to interference from a guard’s walkie-talkie.

« Auser of a powered wheelchair had moved to a new home and was showing his friends, also in powered wheelchairs, around the neigh-
borhood. While moving up a hill, the user heard clicking noises and took his hand off the joystick. The wheelchair made a sudden about turn
and headed down hill at high speed. The wheelchair would not respond to further movement of the joystick. The wheelchair continued down
the hill for about 25 yards, veered left, and went over a cliff. The user suffered a broken hip and several other injuries. His friends’ wheelchairs
were from a different manufacturer and were not affected. The wheelchair user’s new home is several miles away from a radio station and three
blocks from a major interstate highway.

« An external defibrillator/pacemaker stopped pacing when an ambulance attendant used a hand-held transmitter too close to the patient.
The patient was not resuscitated.

These examples are taken from Jeffrey L. Silberberg, op. cit., footnote 5, pp. 25-39.

7Mark Landler, “Cellular Phones May Affect PacemakeFbg New York Time&pr. 29, 1995, p. B1; John J. Keller, “Cellular Phones May
Affect Use of PacemakersThe Wall Street Journafpr. 29, 1995, p. B1. Medtronic, Inc., a major pacemaker supplier in the United States,
advises pacemaker users to turn off portable phones placed in breast pockets, hold phones ten inches away from the chest, and use the phone on
the opposite side of the body from where the pacemaker is implanted.
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audio devices from up to 100 feet away. The tonework and engineering expertise exists. Like other
canreach 130 dB—the sound of an airplane takinfprms of electromagnetic interference, shielding
off as heard by a person standing on the rurfvaydevices against electromagnetic radiation and
The interference lasts as long as the hearing aid t®ntrolling the output levels of emitting devices
close to the digital phone, but returns to normahre the two main ways compatibility is attained.
when the phone is turned off or moves out ofAnother is the proper installation and spacing of
range. medical equipment to minimize the potential for
Shielding can reduce the amount of interfer-nteraction.
ence hearing aids encounter, but there are limits to Standards have been set for both transmitting
what shielding can be done. There are three typaievices and for shielding of computing and medi-
of hearing aids, those worn in the ear, outside theal devices, based on both lab testing and field ex-
ear, and in a pocket and attached by wire. Hearingerience. Voluntary standards were promulgated
aids worn in the ear, by far the most popular, arén 1979 by the Food and Drug Administration
least amenable to shielding, because they are gFFDA) specifying that medical equipment should
ready very small; hearing aids worn in the pockebe protected against interference up to seven volts
are most susceptible to EMI, but can be easilper meter between 450 and 1000 MH&.more
shielded. recent standard issued by the International Elec-
There are about six million hearing-aid users irtrotechnical Commission, one of the main stan-
the United States today, and the number is pradards’ bodies in this area, relaxes suggested
jected to increase as the baby-boomer generatigrermitted exposure to three volts per meter in the
ages. It is not known what types of hearing aid$requency range from 26 to 1000 M2 The
(in-ear, on-ear, or pocket), or how many (one orssociation for the Advancement of Medical
two ears) are used, nor is it known how many heatnstrumentation, a voluntary standards body in the
ing-impaired people use cellular telephones. Th&nited States, has convened a committee to ad-
projected cost of retrofitting hearing aids to elimi-dress EMI problem&! Table 12-1 gives the
nate interference is unknown; this may not be feaFDAs 1994 draft suggestions on the minimum
sible given their small size and life span. distance that should be maintained between trans-
The potential for EMI has long been studiedmitters of various power outputs and medical de-
and understood by radio engineers and medicafices with various amounts of shielding.
technologists, and a substantial body of technical

8 Michael Ruger, attorney, Baker & Hostetler, Washington, DC, personal communication, Feb. 17, 1995; “TDMA Mobile Phones Accused
of Interference,’'Microwave Engineering Europ&arch/April 1993, pp. 16-17.

9U.S. Food and Drug Administration, Bureau of Medical Devices, “Electromagnetic Compatibility Standard for Medical Devices,” BMD
Publication No. MDS-201-0004, Oct. 1, 1979.

10 |nternational Electrotechnical Commissidedical Electrical Equipment, Part 1: General Requirements for Safety, 2. Collateral Stan-
dard: Electromagnetic Compatibility—Requirements and Té9@3.

11 Knudson and Bulkeley, op. cit., footnote 5, p. A12.
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TABLE 12-1: Proposed Electromagnetic Interference Protection Distance, in Meters

Immunity level of medical device

Power rating of radio Unknown
source and example (assume 0.1 1 volt/ 3 volts/ 10 volts/ 20 volts/ 40 volts/
sources voltmeter) meter meter meter meter meter
0.07 watt
Microcell cellular phone 4.6 meters 0.5 meter 0.3 meter 0.3 meter 0.3 meter 0.3 meter
0.01 watt 5.5 0.6 0.3 0.3 0.3 0.3
0.1 watt
Wireless computer 17.4 17 0.6 0.3 0.3 0.3
equipment
0.6 watt
Portable cellular phone 42.6 4.3 1.4 0.4 0.3 0.3
1 watt 55.0 5.5 1.8 0.6 0.3 0.3
3 watts
Transportable cellular 77.8 7.8 2.6 0.8 0.4 0.3
phone
5 watts 123.0 12.3 4.1 1.2 0.6 0.3
10 watts 173.9 174 5.8 1.7 0.9 0.4
20 watts 246.0 24.6 8.2 2.5 1.2 0.6
50 watts 388.9 389 13.0 39 1.9 1,0
100 watts
State police radio 550.0 55.0 18.3 55 2.8 14
Amateur radio
1,500 watts 2.1 km 213.0 71.0 21.3 10.7 5.3

Amateur radio
100 kilowatts

FM broadcast 17.4 km 1.7 km 579.8 173.9 87.0 435
TV stations ch. 2-6

316 kilowatts 31 km 3.1 km 1.0 km 309.2 154.6 77.3
TV stations ch. 7-13

5 megawatts 123 km 12.3 km 4.1 km 1.2 km 614.9 307.5

TV stations ch. 14-69

To find the minimum recommended protection distance between a medical device and a transmitter from this table, first locate the value in the top row
that is closest to the RF immunity of the medical device. Then follow that column down to the row corresponding to the rated power of the transmitter
The entry in that cell of the table is the minimum recommended protection distance [in meters] between that medical device and that transmitter.

SOURCE: U.S. Food and Drug Administration, “EMI Protection Distance,” draft, Aug. 15, 1994.

However, with the growing number of both ra=  interference, regulators think the best solution is
dio and medical devices and their shrinking size, ~ for device manufacturers to pay close attention to
more interference is likely to occur. Because trans-  shielding, working in consultation with the de-
mission equipment can rarely be atered to reduce  signers and manufacturers of emitting devices.”

"U.S. Congress, General Accounting Office, Electromagnetic Interference with Medical Devices, GAO/RCED-95-96R (Washington, DC:
Mar. 17, 1995).
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Other measures by themselves may not be suffdards issues. However, legislative interest in this
cient. For example, proposals have been made tesue appears to have precipitated action in the in-
restrict the use of wireless devices in hospitals andustry to address EMI problems. For example, the
clinics, but the ubiquity and small size of such deCellular Telecommunications Industry Associa-
vices makes policing difficult. Moreover, health tion (CTIA) and the Health Industry Manufactur-
care is becoming more decentralized with sensiers Association have jointly funded a Center for
tive medical equipment increasingly housed inthe Study of Wireless Electromagnetic Compati-
homes and outpatient clinics. Mobile care-givershility at the University of Oklahoma to study med-
in turn, are becoming more reliant on wirelesscal device interference. This center convened a
communications to interact with doctors andForum on Electromagnetic Compatibility in Sep-
technicians at hospitals in other locations. Thigember 1994, which discussed these issues.
evolution in care-giving requires that medical The Hearing Aid Compatibility Act of 1988 re-
equipment and wireless communications existjuired that all telephones be made compatible
side-by-side. Users of medical or radio devices arwith hearing aids by 199% However, in a con-
generally unaware of field strengths, frequencies;ession to the cellular telephone industry, the act
the position, or in some cases everpifesencef  excluded mobile phones. The act did permit the
electromagnetic radiation. Warnings, when they=CC to revisit the issue at a later date, with the pre-
do exist, rarely tell users what to do beyond “avoicdsumption that new technologies would be made
electromagnetic interference.” compatible with hearing aids. The FCC has deter-
Clearly, incorporating shielding into medical mined that PCS equipment will be exempt from
devices early in the development process is esseobempliance with the act, noting that U.S. opera-
tial. Other measures may provide some help itors who choose GSM will use a different frequen-
minimizing interference problems: promulgating cy than their European cellular counterparts, that
strong standards, limiting radio devices in well-few hearing-aid users will be affected, and that
identified areas, and providing good consumerost-effective solutions to mitigate interference

education of the dimensions of EMI. are availablé> There is some concern in the hear-
ing-aid users’ community that PCS operators will
0 Regulatory and Legislative Initiatives choose GSM as their standard. The FCC has con-

In October 1994, the Subcommittee on InformaYeNed an advisory committee to examine this is-

tion, Justice, Transportation, and Agriculture of>Ue:

the House Government Operations Committee

held hearings on medical device interference fromNTERFERENCE WITH AIRCRAFT

wireless and cellular devicé8The Federal Com- CONTROL SYSTEMS

munications Commission (FCC) and FDA haveAlthough there are no documented cases of civil-
primary oversight responsibilities for this area,ian airline crashes caused by cellular telephone or
and have consulted frequently on design and stather interference, electronic devices may pose

13y. s. Congress, House of Representatives, Committee on Government Operations, Subcommittee on Information, Justice, Transporta-
tion and Agriculture, 103d Congress, “Do Cellular and Other Wireless Devices Interfere with Sensitive Medical Equipment? Are Pacemakers,
Hearing Aids, Apnea Monitors, Blood Pumps and Other Sophisticated Medical Devices Affected by Outside Electromagnetic Interference

(EMI) from Cellular And Other Wireless Devices?” photocopied hearing statements, various witnesses, Oct. 5, 1994.

1447 U.S.C., sec. 610. FCC regulations on hearing aid compatibility can be found in 47 CFR, sec. 68.4.

15|_etter from Hon. Reed Hundt, Chairman of the FCC, to Sen. Bob Packwood, Chairman, Committee on Commerce, Science, and Trans-

portation, Subcommittee on Communications, Apr. 12, 1995.
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problems to airplane control systet®sOf the lished a procedure with AMSC and other
approximately 100 reported cases of alleged intelinterested parties to address this problem; a mem-
ference, about one-third appear to have some varandum of understanding that was concluded in
lidity, according to technical experts. FAA  November 1994 provides the means to prevent in-
regulations hold the airline companies responsiterference and allows AMSC to proceed with its
ble for setting policies on the use of portable elecsystem’s deploymeri®
tronic dEViceS; given the dlﬁlCUIty in aSSUfing safe Interference could be more serious between
operation under all operating conditions, all air'portable electronic devices and digital flight
lines have decide(_j to prohibit the use of_any elecequipment, including navigation systems. These
tronic devices during take-offs and landiri§s. systems work with digital bit streams, which can
Inside an aircraft, radio transmitters, such ag,e thought of as strings of ones and zeros. Interfer-
cellular telephones, can induce transient currenign e might occur by inducing spurious currents
in wires and even be amplified in the aluminum, 4 15 introducing new data to the normal data

airframe, because any unshielded metal can act 88 eam. Such data would probably be rejected by
an antenna. CTIAis currently testing cellular tele- '

hones in olanes t ify their saf N therror-correcting routines in current avionics, re-
phones in planes fo ce ify their safe use o ulting in an interruption rather than a deviation of
ground. (In addition, cellular telephone use on

commercial aircraft in flight is not allowed be- normal aircraft control systems, but it is difficult

cause a single cellular telephone at even modera}:% rné)m;\rl]v%hecir;esurt\;[é:h;tetr;]lztv;oeuslid ?g'éazz (r);;iio
altitudes would tie up many terrestrial cellular ur. v v 9

base stations simultaneously, since many base s[{é@nsmitters emit electromagnetic radiation. This
tions could be “seen” simuitaneously by an air- as led _to concern .that uncont_rolled use of any
borne cellular telephone.) electronic device might cause interference. One

A potential problem with American Mobile r_ecently publicized case i_nvolvec_i apilot_who be-
Satellite Corp.’s (AMSC's) transportable tele-lieved that a CD player in use in the first-class
phone is that it will operate at a frequency adjacerffompartment interfered with the normal operation
to that used by the Global Positioning Satellite0f the aircraft during landing?

(GPS) system, which will serve as the basis of the Because analog avionics systems are not de-
new generation of air traffic control systems in thependent on data streams, they are not susceptible
United States. Operating such a telephone in ai® such interference. Thus, where a digital cellular
airplane may jam the GPS navigation system. Thtelephone may affect new Airbuses or Boeing
FCC, the National Telecommunications andplanes, itis unlikely to affect an older Boeing 727.
Information Administration (NTIA), and the Fed- On the other hand, newer aircraft use fiber optic
eral Aviation Administration (FAA) have estab- cabling for control systems and more fault-toler-

16 Jerry Hannifin, “Hazards Aloft, Time,Feb. 22, 1993, p. 61.

17 For example, verifiable cases of interference might resemble the following: when the flight crew notices something unusual occurring to
the airplane, together with a passenger’s use of an electronic device, they ask the passenger to turn the device off, and note whether the problem
has disappeared. They then ask the passenger to turn the device back on to see if the interference occurs again. If it does, then this is an event to be
explained. However, efforts to duplicate such effects on the ground have all been unsuccessful. John Sheehan, Pfaneuf Associates, CTIA con-
sultant, chair of RTCA Special Committee 177, personal communication.

18The RTCA, an advisory body to the FAA on electronic matters, is meeting to set standards for electronic device emissions in aircraft in the
wake of concern about consumer electronic devices. It expects to issue its report on nonradio device interference in the spring of 1995.

19 Memorandum of Understanding between the FCC, NTIA, and the FAA, “Addressing Out-of-Band Emission Requirements for the Mo-
bile-Satellite Service,” effective Nov. 19, 1994.

20 Jerry Hannifin, “Hazards Aloft, Time,Feb. 22, 1993, p. 61.
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ant architectures, making them less susceptible temitting devices use. However, with widespread
radio interference. deployment of small radio devices with complex
It is extremely difficult and costly to model operating characteristics, it is possible that at
these internal interference problems. Becaussome point there will be interference leading to a
there are so many variables—the type of emittingystem failure. Because of the large number of de-
device; its power, frequency, and modulationvices, the variety of ways they are used, and the
schemes; the effectiveness of its filters; its place idgomplexity of the possible interactions, it is un-
the aircraft, the location of sensitive instrumentslikely that every combination can be tested and
the location of wire or airframe with respect to thepotential problems anticipated.
emitting device, and the activity the aircraftis per- New techn0|ogies will continue to be intro-
forming (e.g. landing or cruising at altitude)—de- quced that cannot be tested in all real-world situa-
termining all the conditions for trouble-free tions. A recent example: the operator’s manual for
operation of portable devices is nearlyimpossibIeEuropean_mode| BMW automobiles advises
owners not to use a digital (GSM) cellular tele-
UNANTICIPATED INTERACTIONS AMONG  phone while driving the car, because it may inter-
LARGE, COMPLEX SYSTEMS fere with the car’s electrical system and lead to
A general issue in electromagnetic radiation is thgremature deployment of the airbags. While this
unintended effects of radio waves. These involvearticular problem is no doubt fixable, it is one in-
compatibility problems that can, for the most partdication of the kinds of surprises that may crop up
be solved either by shielding devices, keepingrom time to time as wireless telecommunications
radio waves away from people and sensitivaechnologies play a larger role in a complex tech-
equipment, or changing the modulation scheme@aological world.



Appendix A:
Radio
Communication

Basicd | A

DEFINITIONS OF radio signal is its bandwidth. In practical terms,

RADIOCOMMUNICATION TERMS however, the bandwidth of a signal refers to the
Amplitude: A measure of the value of a radio amount of spectrum needed to transmit a signal
wave, measured in volts (see figure A-1). without excessive loss or distortion. Itis measured

Analog: In analog radio communication, the mes—?n hertz. In figure A-2, the bandwidth of the signal

sage or information to be transmitted is impressebg .4 kHz. The bandwidth of a radio signal is deter-

. . . _mined by the amount of information in the signal
onto (modulates) a radm_ carner- wave, CaUSIn%eing sent. More complex signals contain more
some property of the carrle_r—the arr_lplltude, fr.e-information, and hence require wider bandwidths.
quency, or phase—to vary in proportion to the in-

formation being sent. Amplitude modulation An A radio broa_dcastmg signal, f_or examp_le,
(AM) and frequency modulation (FM) are two takes 10 kHz, while an FM_ s_tereq signal requires
. 200 kHz, and a color television signal takes up 6
common formats for analog transmission. In Ordef\/IHz The bandwidth required by a television
to sen_d _analog S|g_na_ls, such.as voice and Vlde(():hannel is 600 times greater than that of an AM ra-
over digital transmission media, such as fiber op-

tics or digital radio, they must first be convertedOIIO c'hannel. _ _ .
into a digital format. See modulation. Carrier : A radio wave that is used to transmit in-

formation. Information to be sent is impressed
onto the carrier, which then carries the signal to its
gpstination. At the receiver the carrier is filtered
put, allowing the original message to be recov-
ed.

Bandwidth: The process of modulating (see be-
low) a radio wave to transmit information pro-
duces a radio signal, but also generates addition
frequencies called “sidebands” on either side o
the carrier (see figure A-2). The total width of fre-€'
guencies, including the sidebands, occupied by a

1 Material in this appendix is derived from Harry Mileaf (eBlgctronics Ongrevised 2d ed. (Rochelle Park, NJ: Hayden Book Co., Inc.,
1976); U.S. Congress, Office of Technology Assessri&etBig Picture: HDTV & High-Resolution Syste@3A-BP-CIT-64 (Washington,
DC: U.S. Government Printing Office, 1990); William StallinData and Computer CommunicatiaiNew York, NY: MacMillan Publishing
Co., 1985).

| 261
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FIGURE A-1: Basic Radio Wave

+| 1 cycle s

Amplitude
(volts)

-1 Period |

Each cycle of a pure radio wave is identical
to every other cycle.

SOURCE: Office of Technology Assessment, based on Harry Mileaf
(cd.), Electronics One, revised 2d ed. (Rochelle Park, NJ: Hayden Book
Co., 1976) p. 1-10.

Digital: Digital transmission formats can be used
to transmit images and voice as well as data. For
continuoudly varying signals such as voice or
images, an analog/digital converter changes the
anaog signal into discrete numbers (represented
in binary form by O’'s and 1's). These binary digits,
or hits, can then be sent as a series of “on’” /"’ off’
pulses or can be modulated onto a carrier wave by
varying the phase, frequency, or amplitude ac-
cording to whether the signal isa’1” or a“Q.” Data
is sent in a similar fashion athough it does not
have to be converted into digital form first. (See
figure A-3.)

Frequency: The number of cycles aradio wave
completes in one second (see figure A-4). Fre-
quency is measured in hertz (1 cycle per second
equas one hertz). Radio frequencies are described
as multiples of hertz:

kHz, kilohertz: thousand cycles per second;
MHz, megahertz: million cycles per second;
GHz, gigahertz: billion cycles per second.

The frequency of aradio wave is the inverse/re-
ciprocal of its period. For example, if awave had a
period of 0.1 seconds, its frequency would be 10
hertz.

Modulation: The process of encoding informa-
tion onto a radio wave by varying one of its basic
characteristics-amplitude, frequency, or phase
—in relation to an input signa such as speech,
data, music, or television. The input signal, which

contains the information to be transmitted, is
called the modulating or baseband signal. The ra-
dio wave that carries the information is called the
carrier wave. The radio wave that results from the
combination of these two waves is called a modu-
lated carrier. Two of the most common types of
modulation are amplitude modulation (AM) and
frequency modulation (FM) (see figure A-5).

Period: The length of time it takes a radio wave to
complete one full cycle (see figure A-l). The in-
verse of the period isaradio wave's frequency.

Phase: A measure of the shift in position of aradio
wave in relation to time (see figure A-6). Phase is
often measured in degrees.

Spread Spectrum: Spread spectrum refers to var-
ious coding schemes used to modulate data in-
formation onto radio waves for transmission.
Spread spectrum was originally used by the mili-
tary to hide its communications in background
“noise.” Direct sequence spread spectrum sys-
tems encode each bit of information with a special
code is known only to the transmitter and receiver.
The transmitter sends these encoded bits over a

FIGURE A-2. Side-Band Frequencies
and Bandwidth

/ % Bandwidth——
; Carrier
Amplitude Lower Upper
S|de band srde band
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Frequency (kHz)

NOTE: This figure represents a 100-kHz earner wave modulated by 1-
and 2-kHz frequencies.

SOURCE: Harry Mileaf (cd.), Electronics One, revised 2d ed. (Rochelle
Park, NJ: Hayden Book Co., 1976) p. 1-31.
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FIGURE A-3: Technigues for Modulating an

Analog Carrier to Send Information
in a Digital Format
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SOURCE: U.S. Congress, Office of Technology Assessment, The Big
Picture: HDTV & High-Resolution Systems, OTA-BP-CIT-64 (Washing-
ton, DC: U.S. Government Printing Office, June 1990), figure 3-3, p. 41.

wide range of frequencies assigned for the system.
The receiver looks for the special coded bits and
reassembles them in the proper order. In frequen-
cy-hopping spread spectrum systems, a wide
range of frequencies is also used, but the system
“hops’ from frequency to frequency, transmitting
hits of information on each frequency. Only there-
ceiver knows the hopping pattern and how long
the transmitter will stay on each frequency (as
little as 100 milliseconds). This allowsit to track
the data across frequencies and reassemble the
original signal.

Spectrum: Each radio signal is actually made up
of anumber of different radio waves at different
frequencies. The spectrum of a radio signal refers
to the range of frequencies it contains. In figure
A-2, the spectrum of the signal extends from 98 to
102 kHz. The width of the spectrum s called the
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bandwidth of the signal. More broadly, the radio
frequency spectrum consists of al the radio fre-
quencies used for radio communications.

Wavelength: The distance between successive
peaks of a continuous radio wave.

SPECTRUM BASICS®

[(JRadio Waves

Radio waves are the basic unit of wireless commu-
nication. By varying the characteristics of a radio
wave—freguency, amplitude, or phase—these
waves can be made to communicate information
of many types, including audio, video, and data.
Radio waves that carry information are called ra-
dio signals, and the process of encoding intelli-
gence onto a radio wave so that it can be
transmitted over the air is called modulation.’In
the process of modulation, the information or
message to be transmitted-a human voice, re-
corded music, or a television signal—is impressed
onto (modulates) a “carrier” radio wave that is

FIGURE A-4: Frequency of a Continuous Wave

AN
VARVIRV.

Frequency = 3 cycles per second

SOURCE: Harry Mileaf (cd.), Electronics One, revised 2d ed. (Rochelle
Park, NJ: Hayden Book Co., 1976) p. 1-10.

*Much of the material in this section comes from Richard Gould, “Allocation of the Radio Frequency Spectrum,”’ contractor report prepared

for the Office of Technology Assessment, Aug. 10, 1990.

*Although the term "radio” is most commonly associated with commercial radio broadcasting services (AM and FM radio), the term also
properly encompasses the entire range of wireless communications technologies and services, including television, microwave, radar, short-

wave radio, mobile, and satellite communications.

*Two of the most familiar modulation techniques are amplitude modulation (AM) and frequency modulation (FM).
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FIGURE A-5: Amplitude and Frequency

Modulation
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SOURCE: U.S. Congress, Office of Technology Assessment, The Big
Picture: HDTV & High-Resolution Systems, OTA-BP-CIT-64 (Washing-
ton, DC: U.S. Government Printing Office, June 1990), figure 3-1, p. 41.

then transmitted over the air. When a radio signa
is received, the information is converted back into
its original form (demodulated) by a receiver and
output as sound, images, or data.

Radio waves are distinguished from each other
by their frequency or their wavelength. Frequency
represents the number of cycles a radio wave com-
pletes in one second, and is the most common de-
scription of a radiocommunication signa. The
international unit of frequency measurement is the
hertz (Hz), which represents one cycle per sec-
ond.’Radio signals can also be identified by their
wavelength. Signals with long wavel engths have
lower frequencies, while those at higher frequen-
cies have shorter wavelengths. Commercia AM
radio signals, for example, consist of very long
waves (approximately 100 to 300 meters), that

may complete a million cycles per second (1
megahertz (MHz)). Microwave signas, on the
other hand, are very short (as little as 0.3 centime-
ters) and may complete hundreds of billions of
cycles per second (100 gigahertz (GHz)). The rel-
ative nature of radio wavelengths is the origin of
terms such as “shortwave,” which was given to ra-
dio frequencies around 2.8 MHz in the 1920s be-
cause the wavelengths in that frequency range
were shorter than the wavelengths that had pre-
viously been used.

The radio spectrum is divided into “bands’ that
correspond to various groups of radio frequencies.
These bands are identified by their frequencies or
wavelengths (as above), or by descriptive terms
that have been adopted over time. Severa types of
descriptive names have been attached to various
portions of the spectrum (see figure A-7). One
method denotes relative position in the spectrum:
very low frequency (VLF), high frequency (HF),
very high frequency (VHF), superhigh frequency
(SHF), etc. Another method derives from usage
developed in World War 11 to keep secret the actua

FIGURE A-6: Phase of a Continuous Wave

Difference between
Phases = same points on
different waves

SOURCE: Harry Mileaf (ed.), Electronics One, revised 2d ed. (Rochelle
Park, NJ: Hayden Book Co., 1976) p. 1-10.

*Multiples of the hertz are indicated by prefixes (see box 2-A): “kilo” for one thousand, « mega’ for one million, and “giga” for one billion.

Thus, a million hertz-a million cycles per second-is expressed as one megahertz (abbreviated “MHZz").
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FIGURE A-7: Frequency Band Designations
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SOURCE: Off Ice of Technology Assessment, 1991, based on Richard G. Gould, “Allocation of the Radio Frequency Spectrum,” OTA contractor report,

Aug. 10, 1990.

frequencies employed by radar and other electron-
ic devices: L-band, S-band, and K-band."The In-
ternational Telecommunication Union (ITU)
classifies frequencies according to band num-
bers---Band 1, Band 2, etc. Frequency bands are
also known by the services that use them-the FM
radio broadcast band, for example, occupies the
range (band) of frequencies from 88 to 108 MHz.

OTransmission Characteristics

Several factors affect the transmission of radio
signals, and, at different frequencies, some factors
will affect radio waves more than others. Attenu-
ation refers to the weakening of aradio signa as it
passes through the atmosphere. All radio signals
are attenuated as they pass through rain or any
kind of water in the air (clouds, snow, sleet), but
radio signals at higher frequencies will be attenu-
ated more than those at lower frequencies. For
instance, the attenuation of a radio signal passing
through a rainstorm will be 10 times as great if the
frequency of the signal is doubled from 5 GHz to
10 GHz. This makes radiocommunication, espe-

cially over long distances, extremely difficult in
the upper (above 10 GHz) frequencies.

Radio waves are also bent and/or reflected as
they pass through the atmosphere. Because of
changes in the density of the atmosphere with
height, radio signals bend as they pass from one
atmospheric layer to the next. This bending is
called refraction. In addition to refraction, if at-
mospheric conditions are right, radio waves are
aso reflected by the ionosphere, the top layer of
the Earth’s aimosphere. lonospheric reflection en-
ables some radio signals to travel thousands of
miles, and accounts for the long-distance commu-
nication that is possible in the frequency range be-
tween about 3 and 30 MHz (the HF band—see
below).

Although refraction and reflection are con-
ceptually distinct, and refraction can occur with-
out reflection, it is possible to think of reflection
as an extreme case of refraction in the iono-
sphere."The amount of refraction, or bending, ex-
perienced by a radio signal is related to its
frequency. Lower frequencies bend (are refracted)

*These letter designations are not precise measures of frequency because the band limits are defined differently by different segments of the

electronics and telecommunications industries.

"All radio waves are bent as they pass from a region of the atmosphere having a certain number of free electrons to a region with a different

number of electrons. During the day, energy from the Sun splits the molecules of the gasses far above the surface of the Earth (in the troposphere
and the ionosphere), producing many free electrons and creating layers of ionized particles. A radio wave from Earth entering one of these
layerswill be refracted, and if there are enough free electrons, the bending will be so great that the signal will be reflected back to Earth.
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easily and are readily reflected back to Earthcause radio signals to travel far beyond the “nor-
Higher frequency signals experience less refracmal” line-of-sight distance. This condition is
tion than those at lower frequencies, and at proealled ducting or superrefraction. At such times,
gressively higher frequencies, there will be lessignals travel for many miles beyond the horizon
and less bending. At a certain frequency, atmosas though the Earth were flat. This condition is
pheric conditions will be such that there is so littlemuch more common over large bodies of water
refraction that the signal will not be reflected backthan over land. Atmospheric conditions can also
to Earth. The point at which this occurs is calledbend the signal away from the Earth, shortening
the maximum usable frequency (MUF), and isthe practical transmission distance. The occur-
generally in the range of 10 to 15 MHz, althoughrence of these rare conditions complicates radio
it can be as high as 30 or 40 MHz or as low as 6ystem design and spectrum management. For
MHz, depending on time of day, season, andine-of-sight systems, too large a radius cannot be
atmospheric conditions. Below the MUF, radioassumed for the service area because of the possi-
signals can be used for long-distance communicability that “subrefraction” or “negative” refraction
tion by reflecting the signal off the ionosphere.may keep the signal from reaching the periphery
Above the MUF, the signal travels straightof the service area. On the other hand, the same
through the atmosphere and into space. frequency cannot be used again many miles be-
At higher frequencies, above the MUF, radioyond the horizon because of the possibility that
signals travel in almost straight lines from thesuperrefraction may carry an interfering signal far
transmitter to receiver, a transmission characteridseyond its accustomed limits. One of the basic
tic referred to as “line-of-sigh®’Line-of-sight  functions of international spectrum management
conditions affect radiocommunication above theis to prevent or reduce such interference.
MUF, but especially affect frequencies above one
GHz. The distance a line-of-sight signal can traveCHARACTERISTICS OF

is usually limited to the horizon or a little beyond. g Ap|0 FREQUENCY BANDS

However, because the Earth is curved, the transfhe physical properties of radio waves, combined

mission distance will also be limited depending . ) L . .
on the height of the transmitting antenna theW|th the various transmission characteristics dis-
: . cussed above, determine how far and where radio
higher the antenna, the farther the signal can trav- : .
: o . signals can travel, and make different radio fre-
el. For example, if the transmitting antenna is . : R
mounted on top of a mountain or a tall tower thdluencies better suited to certain kinds of commu-

. . X ) : . nications services. The following is a brief
line-of-sight distance will be greater. Satellites, in - : :
. description of the various radio bands, some of

simple terms, extend line-of-sight to the maxi- . . e
) . : . their uses, and the factors affecting transmission
mum distance (see figure A-8). Line-of-sight T )
of radio signals in them.

transmission requires that there be no obstacles
between the transmitter and receiver—anythin )
standing between the transmitter and receive?,] Very Low, Low, and Medium
e.g., a building or mountain will block the signal. ~ Frequencies: 3 to 3000 kHz

Atmospheric conditions have substantial im-In this portion of the spectrum, encompassing the
pacts on line-of-sight radiocommunications. Dif- bands denoted as VLF, low frequency (LF), and
ferences in atmospheric temperature or thenedium frequency (MF), radio signals are trans-
amount of water vapor in the air, for example, cammitted in the form of “groundwaves” that travel

81tis important to note that refraction does not cease to affect radio waves above the MUF. Even at frequencies in the VHF and UHF bands,
radio waves bend slightly as they move through the atmosphere.
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FIGURE A-8: Terrestrial and Satellite Transmission Ranges

A Height - 500 feet

11,200 miles

NOTE: This figure is not drawn to scale.

SOURCE: Office of Technology Assessment, 1991, based on Richard G. Gould, “Allocation of the Radio Frequency

Spectrum,” OTA contractor report, Aug. 10, 1990.

aong the surface of the Earth, following its curva-
ture. Groundwaves lose much of their energy to
the Earth as they travel aong its surface, and high
power is required for long-distance communica
tion throughout this portion of the spectrum.
Groundwaves travel farther over water than over
land.

At the lower end of this region, transmissions
are used for low data-rate communications with
submarines and for navigation. The maritime mo-
bile service, for example, has alocations in this
band for communication with ships at sea. Con-
ventional AM radio broadcasting stations also op-
erate in a part of this band, at MF, typically
between 540 and 1605 kHz. Attenuation during
daylight hours limits the range of these AM sta-
tions, but at night, when attenuation is lower, AM
radio signals can travel very long distances, some-
times even hundreds of miles. To prevent interfer-
ence at these times to distant radio stations using

the same frequency, some stations may be re-
quired to reduce the power of transmissions in the
direction of those distant stations.

OHigh Frequencies: 3 to 30 MHz

In this frequency range, denoted as HF, propaga-
tion of a “skywave” supplements the groundwave.
While the groundwave dies out at about 100
miles, the skywave can be bent back to Earth from
layers of ionized particles in the atmosphere (the
ionosphere). When the signal returns to Earth, it
may be reflected again, back toward the ionized
layers to be returned to Earth a second time. The
signal can make several “bounces’ as it travels
around the Earth. It is this reflection that makes
long-distance communication possible. However,
there are occasiona—and largely unpredict-
able-disturbances of the ionosphere, including
sunspots, that interfere with HF communications.
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Overall, the reliability of HF communications is the maximum distance a radio signal can travel
low, and the quality is often poor. may be no more than 25 miles, but this distance
The HF “shortwave” bands are used primarilycan be increased by raising the height of the
by amateur radio operators, governmental agerantenna.
cies for international broadcasting (Voice of This limitation can also be an advantage: the
America, Radio Moscow), citizens’ band radio same frequencies can be reused by stations be-
users, religious broadcasters, and for internationglond the normal transmission range. Unfortunate-
aviation and maritime communications. Oversea$y, the distances that these line-of-sight signals
telephone links using HF radio have, for the mostan sometimes travel can be quite large, especially
part, been replaced by satellites, and Inmarsat sdf-the path is over water. At times, atmospheric
ellites have taken over a major portion of the mariconditions may establish a “duct” over a large
time communications previously provided by HF body of water (see above). As it travels down the
systems. Likewise, future aeronautical mobiledength of the duct a signal will be reflected back
satellite service (AMSS) systems may also supand forth between the water and the top of the
plement or replace the HF channels now used byuct, which can be hundreds of feet above the
airplanes when they are out of range of the VHFearth's surface. These trapped signals can travel
stations they communicate with when over or neahundreds of miles. To minimize interference from
land. a ducted signal, stations on the same frequency
While little use is made of HF radio systems formust be spaced far apart. This requirement limits
domestic communications in industrialized coun-the frequency reuse that can be achieved.
tries like the United States, developing countries This part of the spectrum is used by many im-
still find HF cost-effective for some of their do- portant communication and entertainment ser-
mestic radiocommunication needs. This has led toiceS’ inc]uding television broadcast signalS’ FM
a conflict over allocating the HF band internation-radiO, and land mobile communications. These
ally: the developed world wants to use the band fofrequencies are also used by the radiolocation ser-
international broadcasting and long-distance mogice for long-range radars (1350 MHz to about
bile communication, while the developing coun-2900 MHz), aircraft landing radar (around 9000
tries want to retain it for their domestic \Hz) and for point-to-point radio relay systems

point-to-point systems. (various bands between 2000 and 8000 MHz). In
) ] ) recent years, communication satellites have made
[ Very High, Ultrahigh, and Superhigh increasing use of frequencies in this band.
Frequencies: 30 MHz to 30 GHz The portion of this band between approximate-

The groundwave, which permits communicationly 1 and 10 GHz is particularly valuable. It is
beyond the horizon at lower frequencies (VLF,bounded by increasing cosmic and other back-
LF, MF), dies out after a short distance in this fre-ground noise at its lower end, and by precipitation
guency range. Moreover, the skywave—which isattenuation at its upper end, but in between, com-
reflected from the ionospheric layers at lower fre-munications can be carried out very well. Today,
guencies—tends to pass through the atmosphebecause of its favorable transmission characteris-
at these higher frequencies. Communication irics, the 1 to 3 GHz band is especially sought after
this band is thus limited to little more than line-of-for mobile communications, including personal
sight distances. For short transmitting antennagommunication services (PCS), and for new

9 Satellites operating in the C-band, e.g., use frequencies around 4 and 6 GHz, and are heavily used for transmitting television programming
to cable television operators. Ku-band satellites, which generally operate at frequencies around 12 and 14 GHz, are increasingly being used for

private communication networks and the delivery of entertainment programming.
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broadcasting technologies such as digital audigion above 10 GHz. One desirable feature of the

broadcasting (DAB). frequencies above 10 GHz, beside the fact that
they are relatively unused, is the extremely wide
[0 Above 10 GHz bandwidths that are available. The 3 to 30 MHz,

At 10 GHz and above, radio transmissions beHF band, for example, is 27 MHz wide. That is

come increasingly difficult. Greater attenuation of€N0Ugh bandwidth for about 9,000 voice channels

the radio signal takes place because of rain, sno@t 3 kHz each). However, the frequency range 3 to
fog, clouds, and other forms of water in the sig-30 GHz is 27,000 MHz wide. That bandwidth

nal's path. Nevertheless, crowding in the band§°Uld accommodate about 9 million voice chan-
below 10 GHz is forcing development of the re-Nels.
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n its attempts to address rapidly changing Most federal government activity regarding wire-
technology, expanding user needs, and an oufess technologies has been coordinated through the
moded regulatory structure, the federal governf+ederal Wireless Users Forum (FWUF). Established
ment—including both the legislative and execu-in 1992, the FWUF is composed of government agen-
tive branches—will play three key roles in the cies with interests in using wireless communications
development of radio-based systems and the Nation&is part of their missions. FWUF sponsors workshops
Information Infrastructure (NII): user, catalyst, and On wireless services that bring together industry repre-

policymaker/regulator. sentatives and federal users in order to enhance techni-
cal understanding and define the emerging needs of
GOVERNMENT AS USER the agencies, both civilian and defense, for wireless

systems and services.

The federal government is a major user of all kinds of = A5ther group, the Federal Law Enforcement
wireless communication systems for defense, publigyireless Users Group (FLEWUG), is composed of
safety, emergency preparedness, and space COMMyyre than 60 representatives from federal agencies
nications. In some cases, these systems are built agdih jaw enforcement responsibilities, and is open to
operated by the government. Increasingly, howevelgiate county, and local agencies as well. The FLE-
government communication needs are being met by, which was formalized under the auspices of the
private sector service providers. National Performance Review (NPR), hopes to estab-

The federal government has already taken steps §xh a National Law Enforcement and Public Safety
define its special requirements and to see how theyetwork, which has been advocated by Vice President
may or may not be met by evolving NIl systems andgore. The momentum to form this network came from
services. In this sense, the federal government may aghe |ack of compatibility between different law en-
tually beaheadof many in the private sector in posi- forcement radio systems. The group conceivably
tioning itself for the coming explosion in the availabil- coyid build its own system with pooled resources, but
ity of wireless services and systems. The lessongmore likely would develop specifications for a com-
learned by government policymakers may be impormon procurement for equipment and/or services.
tant to Congress and others interested in ensuring that |, january 1995, the Government Information
wireless technologies benefit not only government “STechnology Services (GITS) committee of the In-

ers, but all users. formation Infrastructure Task Force (IITF) approved

| 269
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the creation of a Joint Federal Wireless Review Officeon a matching basis, for planning and demonstration
(JFWRO), although its charter and mandate are naif technologies and applications that support the
formally set. One of the roles of this new office will be broader goals of the NII. In FY 1994, the first year of
to consolidate federal wireless programs by eliminatthe program, grants totaled over $24 million. When
ing duplication and incompatible systems and pro-combined with the matching funds, the program is ex-
mote more spectrum-efficient systems across goverrpected to generate almost $68 million toward the de-
ment agencies. The use of commercial systems, whekglopment of the NIl in schools, health care institu-
possible, is one solution the office is likely to pursue/tions, libraries and museums, social service
The JFWRO’s activities could reach into areas tradi©rganizations, and state and local governments.
tionally within the jurisdiction of the National Tele-  Based on a brief review of TIIAP grants awarded,
communications and Information Administration Wireless appears to play a small rief the 57 dem-
(NTIA) and the Interdepartment Radio Advisory Onstration grants, most plan to use traditional wireline
Committee (IRAC, see below). As a result, oppositionfechnologies to provide access to computer networks,
to the creation of the office has developed. The diviincluding the Internet. One project uses broadcast and
sion of authority and the interactions between NTIA,0ne uses microwave for backbone transmissions, etc.,
IRAC, and JFWRO are currently uncertain. but none indicates a direct use of wireless technologies
for access purposes.

GOVERNMENT AS CATALYST
Although the primary burden of developing and de—GOVERNMEl\rr AS POLICYMAKER AND

ploying NIl technologies and services falls on the pri-REGULATOR
vate sector, the federal government has initiated grarfthe third role the government plays is that of policy-
programs that provide financial assistance for demonand rule-maker. Responsibility is shared among Con-
stration, planning, and even operation of telecommugress, the executive branch, and the Federal Commu-
nications systems. NTIA has two programs that mayications Commission (FCC), an independent regula-
be used to fund the development of wireless systemsory agency. In international issues dealing with
First, the Public Telecommunications Facilities Pro-spectrum and satellite services, the Department of
gram awards grants to noncommercial organizationState also plays a role in policy development. Con-
primarily for the expansion or upgrading of public gress periodically passes legislation outlining both
broadcasting (radio and television) facilities, and forbroad policy directions and directing specific actions
the establishment of distance-learning projects. Foon the part of the FCC and the executive branch. Re-
FY 1994, funding was just over $21 millién. sponsibility for day-to-day regulation and manage-
The Telecommunications and Information Infra- ment of the country’s radio spectrum is divided be-
structure Assistance Program (TIIAP) provides fundsiween the FCC, which regulates private sector and

1The 1994 grants went to support 61 public television, 50 public radio, and 29 distance-learning grants in 42 states, American Samoa, the
Northern Marianas, and the District of Columbia. U.S. Department of Commerce, National Telecommunications and Information Administra-
tion, “NTIA Announces FY1994 PTFP Grant Awards,” news release, Sept. 19, 1994.

21.S. Department of Commerce, National Telecommunications and Information Administration, “Public Institutions Receive Millions to
Deploy Information Superhighway,” news release, Oct. 12, 1994.

3 This does not necessarily reflect a bias in the selection process. More likely it reflects applicants favoring traditional (wireline) solutions.
The source of this favoritism may lie in costs, which could be higher for wireless; lack of knowledge about wireless alternatives; or a need that
cannot be met by wireless applications. With over 1,000 applications received, no comprehensive data are available that reliably indicate which
specific technologies are to be used. In addition, for the planning grants, the result of the proposed planning activity is to select appropriate
technologies—in other words, no technology was necessarily selected in each application.
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state/local government use of the spectrum, andreased competition will bring new services and low
NTIA, which oversees federal government spectruncosts. The treatment of wireless communications in

use? these bills is limited. Specific provisions relating to
_ ) broadcasters’ use of the spectrum are defined, but only
[J Congressional Action a few paragraphs relating to CMRS providers are in-

In the past several years, Congress has taken a mdiilded—mainly to clarify the new legislation’s rela-
aggressive role in telecommunications policymak-tion to the Omnibus Budget Reconciliation Act 883.
ing—recognizing the increased importance and visi-

bility that telecommunications has achieved as a conk] Federal Communications Commission
tributor to U.S. business, international competi- Proceedings

t|\_/en§ss, and qgahty of life. Addressing radio commu-ry e Fec regulates all private sector and state/local
nications specifically, Congress passed the Omnibus

Budget Reconciliation Act of 1993, which contained government_ use of the radiofrequency spectru_m.- It
three major wireless policy initiativésThe act: locatesspecific blocks of spectrum for use by different

radio services, and dssignsto individual licensees
1. directed the Secretary of Commerce to transfer ahe right to use specific frequencies or channels. The
least 200 MHz of spectrum from federal govern-FCC has proceedings in progress that will affect al-

ment uses to the private sector, most every type of radio-based communication. Those
2. laid out the principles for regulating commercial proceedings will not be detailed here; the following
mobile radio services (CMRS), represents only a summary of the wireless issues the

3. authorized the FCC to use competitive biddingFCC is currently considering. More discussion on the
(auctions) as a method for assigning portions of theénost important of these proceedings can be found in
radio frequency spectrum. the specific sections of the report that deal with those

As a result of the act, NTIA transferred 50 MHz of 'SSU€S:
spectrum to the FCC for reallocation to private user High-Definition Television (HDTV) proceeding
and identified another 185 MHz of spectrum to bes Various PCS and CMRS proceedings
transferred; the FCC laid the foundation of CMRS reg= | ow-Earth orbit (LEO) satellite licensing
ulation (although some issues are still being consida gateliite digital audio broadcasting (DAB) licens-
ered); and auctions have been held in narrowband jng
(data/messaging) personal communications Services gnnanced-911
(PCS), voice PCS, and interactive video data serviceg zoning (petitions and comments have been filed:
(IVDS). , . . not yet a formal proceeding)
Congress |s.currently debating s:everal bills that, public safety spectrum needs
would substantially change how various parts of the . L
C L ) = spectrum “refarming.
nation’s telecommunications infrastructure are regu-
lated/ Generally, this legislation focuses on opening Until recently, the FCC has been unable or unwill-
up the various segments of the telecommunications iring to tackle long-term spectrum planning issues. Crit-
dustry to more competition—in the belief that in- ics have long accused the Commission of doing little

4The Communications Act of 1934 established the Federal Communications Commission and divided responsibility for spectrum manage-
ment between it and the President. 47 U.S.C., sections 151,152, 305 (1989). In 1978, Executive Order 12,046 transferred Presidential authority
for spectrum management to the Secretary of Commerce and established the National Telecommunications and Information Administration
(NTIA). Finally, in 1992, Congress passed the National Telecommunications and Information Administration Organization Act, formally dele-
gating federal government spectrum assignment authority to the head of NTIA. Public Law 102-538, Oct. 27, 1992.

5 Public Law No. 103-66.

6 The 200 MHz was specified to be taken from government allocations below 5 GHz, and at least 100 MHz will come from below 3 GHz—
some of the most sought-after frequencies due to transmission characteristics (see app. A). Public Law 103-66, Aug. 10, 1993, Title VI.

7S. 652, H.R. 1555, and H.R. 1528.
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more than reacting to technology developments, and The executive branch has taken steps to revitalize
observers have commented that the FCC will not acspectrum planning. NTIA established the Strategic
until someone forces it to by filing a petition for Spectrum Planning Program to develop a long-range
change. In the past several years, the FCC has becomgectrum plan that will include both federal and non-
more willing to plan more aggressively. It initially federal users. In 1992, as part of this initiative, NTIA
took an aggressive approach to developing standar¢equested comments and information on “Current and
and an implementation schedule for HDTV, althoughruture Requirements for the Use of Radio Frequencies

that schedule has slipped. The FCC’s Office of Plang the United States.” In this proceeding, NTIA clearly
and Policies has written studies on the future of ﬁbehotes the importance of improved p|anning of the

optics and the broadcasting industry. And in earlyspectrum resource:
1992, the FCC proposed the creation of a “spectrum
reserve” in order to promote the development of new
radiocommunica_tion technologies and services. Much other non-commercial uses such as amateur radio and
of that spectrum is now devoted to future PCS _systems. scientific research, and local, state, and federal govern-
Most recently, the FCC has opened a proceeding t0 eX- ment yses. Moreover, improved planning is essential
amine how to use radio frequencies above 40 &Hz. for the U.S. government to represent effectively the in-
terests of all U.S. spectrum users in international spec-

[] Executive Branch Efforts trum negotiations®

NTIA is responsible for developing and promoting AS a result of its inquiry, NTIA released a report,
executive branch telecommunications policy. It served)-S. National Spectrum Requirements: Projections
as the President's principal adviser on telecommu@and Trendsand efforts to identify radio frequencies to
nications policies and is also responsible for managingi€et the needs identified in the report has bégun.
the federal government's use of the radio frequenciNT!A and IRAC have also completed analyses as part
spectrun® In this role, it works closely with the FCC Of their mandate to transfer 200 MHz (235 MHz was
to develop policies and procedures that are consistefgtually transferred) of federal government spectrum
and that allow many portions of the spectrum to bd© the FCC for private sector usé.

shared by both government and non-government wire- T0 develop policy specifically for wireless commu-
less users. To help it carry out its responsibilities foMications, the executive branch has established several
spectrum management, NTIA draws on the expertis€0mmittees to address specific issue areas.

of the members of the IRAC, which is made up of 20, Federal Wireless Policy Committee Established
federal agencies that use wireless communications, jn 1993, the Federal Wireless Policy Committee
and the Spectrum Planning and Policy Advisory Com- (FWPC) serves as a focal point for wireless policy

mittee, which consists of private sector and federal development, both for the federal government and
government members who advise NTIA on radiocom- in relation to FCC activities. FWPC draws its mem-

munication issue¥?

... planning helps ensure that adequate spectrum
will continue to be available for public safety needs,

8 Federal Communications Commissidmmendment of Parts 2 and 15 of the Commission’s Rules to Permit Use of Radio Frequencies
Above 40 GHz for New Radio Applicatiphitice of Proposed Rulemakir§T Docket 94-124, released Nov. 8, 1994.

9 The potential conflicts with this dual role are discussed in U.S. Congress, Office of Technology Ass&aeme8r World Administra-
tive Radio Conference: Issues for U.S. International Spectrum Policy—Background®&fed8P-TCT-76 (Washington, DC: U.S. Govern-
ment Printing Office, November 1991).

10 For a more complete discussion of the IRAC and SPAC, see ibid.

11U.S. Department of Commerce, National Telecommunications and Information Administaticent and Future Requirements for
the Use of Radio Frequencies in the United Stdtesice of Inquiry, Docket No. 920532-2132, released June 1, 1992.

12y.s. Department of Commerce, National Telecommunications and Information AdministdaBoNational Spectrum Requirements:
Projections and TrendsSpecial Publication 94-31 (Washington, DC: U.S. Government Printing Office, March 1995).

13 U.s. Department of Commerce, National Telecommunications and Information AdministBatEmrum Reallocation Final Report
Special Publication 95-32 (Washington, DC: U.S. Government Printing Office, February 1995).



bers from a wide range of federal agencies that have
operational, procurement, or policy interests in
evolving wireless communications systems. Its
mandate is to further the deployment of a digital,
ubiquitous, interoperable, transparent, and secure
(DUITS) wireless communications network for the
federal government. It has, thus, become the focal
point of efforts to procure mobile services for thes
federal government. A single procurement is envi-
sioned—to be completed by the end of 1995— that
will give federal users access to a wide range of cel-
lular, specialized mobile radio, PCS, satellite, and
emerging wireless communication services.

= In September 1994, FWPC produced a statement of
Current and Future Functional Requirements for
Federal Wireless Services in the United Staléss
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document was based on information gathered from
the various meetings and workshops sponsored by
FWUF and information provided by FWPC mem-
bers. It describes both specific and generic needs
that the federal agencies think could be met with
commercial or special wireless systems, and is in-
tended as a guide for future procurement efforts.
Untethered Networking Working Group. The
National Science and Technology Council, in coor-
dination with the Technology Policy Working
Group of the IITF, set up an Untethered Networking
Working Group to examine the impact of wireless
technologies (satellite and terrestrial) on the evolu-
tion of the NIl and the Global Information Infra-
structure. It is unclear if this group ever met or what
products it produced.
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Allocation: The designation of a band of frequencies mined by the amount of information in the signal
for a specific radio service or services. Allocations  being sent. More complex signals contain more in-
are made internationally at World Radio Confer-  formation, and hence require wider bandwidths.
ences and are incorporated into the international The bandwidth required by a television channel is
Table of Frequency Allocations. Domestic alloca- 600 times greater than that of an AM radio chan-
tions are made by the Federal Communications nel.

Commission (FCC) and the National Telecommu-BETRS: Basic Exchange Telecommunications Radio
nications and Information Administration (NTIA). Service. BETRS is used as a wireless substitute to

AMPS: Advanced Mobile Phone Service. AMPS is  copper loops for providing basic telephone ser-
the existing U.S. analog cellular telephone stan- vice.
dard. Bps: Bits per second. The rate at which digital data are

Analog: In analog radio communications, informa-  transmitted over a communications path. Speeds
tion is transmitted by continuously varying the  are usually designated kbps (thousands of bits per
phase, amplitude, or frequency of a radio carrier second), Mbps (millions of bits per second), and
wave. Ghbps (billions of bits per second).

Assignment: The granting by a government of the BSS: Broadcasting-Satellite Service. An ITU-defined
right to use a specific frequency (or group of fre-  service that refers to the delivery of information or
quencies) to a specific user or station. Each televi- programming directly from satellites to user re-
sion station, for example, is assigned a small group ceivers. The BSS includes new systems planned to
of frequencies that correspond to a specific chan- deliver high-definition television services (BSS-
nel or number on the television dial. HDTV) and audio services (BSS-Sound).

Attenuation: The loss of power of electromagnetic CAl: common air interface. Refers to the standard
signals between transmission and reception points. (there are many) that allows a mobile unit such as a
Attenuation is exacerbated by physical barriers, cellular phone to communicate with a base station.
such as rain, buildings, and trees. Cellular Telephony: A mobile radio service in which

Bandwidth: The total range of frequencies requiredto  a geographic area is divided into smaller areas
transmit a radio signal without undue distortion. ~ known as “cells.” A transmitter in each cell pro-
The required bandwidth of a radio signal is deter- vides radio coverage to the users in the cell. Calls
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are handed off from one transmitter to the next a&ncryption: The process of electronically altering or

the user moves between cells.

CDMA: Code division multiple access. CDMA is a

“scrambling” a signal, usually for security pur-
poses.

radio communication format that uses digital EPA: Environmental Protection Agency.
technology and spread spectrum transmission t€SMR: Enhanced Specialized Mobile Radio. The

send information. Each radio signal is assigned its

next generation of SMRs, ESMR systems take ad-

own unique code and is then spread over a range of vantage of digital technology combined with a cel-

frequencies for transmission.

CDPD: Cellular Digital Packet Data. Announced in

1992 by McCaw Cellular, IBM, and a group of

lular system architecture to provide greater capac-
ity than existing SMR system&ee Specialized
Mobile Radio.

eight other major cellular companies, CDPD use$ESN: Electronic serial number. A number encoded in

the idle time in the analog cellular telephone sys-

each cellular phone that uniquely identifies each

tem to transmit packetized data at rates up to 19.2 cellular telephone manufactured.

kbps.

Cloning: Cloning is the practice of reprogramming a

phone with a MIN/ESN pair from another phone.

CMRS: Commercial Mobile Radio Service. A new

regulatory classification for mobile telephone ser-
vice created by the FCC in response to the Omni-
bus Budget Reconciliation Act of 1993. Under the
new rules, cellular, SMR/ESMR, and PCS will be
brought under the same regulatory umbrella.

an appropriate regulatory agency as providing
communications service to the general public on a
nondiscriminatory basis. Common carriers cannot

FCC: Federal Communications Commission. Estab-

lished by the Communications Act of 1934, the

FCC is an independent federal agency that regu-
lates all electronic interstate communications, in-

cluding telephony, cable television, and broadcast-
ing. The FCC is also responsible for assigning the
radio frequencies used by all non-federal users of
the spectrum.

FDA: Food and Drug Administration.
Common Carrier: A company that is recognized by FDMA: Frequency Division Multiple Access. FDMA

allows multiple users to share a band of radio fre-
quencies by dividing the spectrum into separate
channels. Analog cellular systems, for example,

exercise any control over content of the messages use separate frequencies for each call in each cell.

they carry.

DAB: Digital Audio Broadcasting. DAB refers to the

transmission of audio broadcasts in digital form as

GPS:Global Positioning System. GPS is a network of

satellites that provides precise location determina-
tion to receivers.

opposed to today's (AM and FM) analog form. GSM: Global System for Mobile Communications,

DAB promises compact disc quality sound over
the air. DAB systems may use terrestrial, satellite,
or hybrid transmission.

DBS: Direct Broadcast Satellite. Medium- to high-

power satellites that are designed to transmit pro-
gramming directly to small satellite receiver dish-
es at users’ homes.

Digital: In digital communication, information is sent

formerly Groupe Special Mobile. GSM is a se-
cond-generation digital system adopted as a Euro-
pean standard in the mid-1980s and introduced in
1992. Now deployed across Europe, GSM is in-
tended to replace existing analog cellular tele-
phone services. GSM allows systems in different
countries to interoperate, permitting consumers to
use their cellular phones anywhere in Europe.

by modulating the carrier frequency in such a wayHDTV: High-definition television. Refers to future
that there are discrete changes in the phase, fre- generations of television that will have higher pic-

quency, or amplitude.

Downlink: In satellite communications, the signal

ture resolution, a wider aspect ratio, and digital
quality sound.

that travels from the satellite down to the receiversHIPERLAN: High-Performance Radio Local Area

on earth is called the downlink. The direction the
downlink signal travels is also called space-to-
Earth.SeeUplink.

Network. HIPERLAN is a European standard for a
short-range (50 meters) high-performance radio
local area network. The current specification is for
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operation in the 5.1 - 5.3 GHz band. Another band
from 17.1 - 17.3 has been designated for HIPER-

across LATA boundaries but rather must connect
these calls to interexchange carriers.

LAN use, but detailed specifications have not yetL EC: Local Exchange Carrier. The LEC is the local

been developed.
Hz: Hertz. Cycles per second. Radio frequencies are
described in multiples of Hertz:
kHz, kilohertz: thousand cycles per second;
MHz, megahertz: million cycles per sec-
ond;
GHz, gigahertz: billion cycles per second.
IEEE: Institute of Electrical and Electronics Engi-
neers. The IEEE is the professional society for

electrical engineers. It produces standards for a

range of communications technologies.
Internet: Refers to a large collection of intercon-

telephone company. There are over a thousand
LECs, ranging in size from the very small indepen-
dent telephone companies that serve rural areas to
the much larger Bell Operating Companies
(BOCs).

LEO: Low-Earth orbiting satellite. LEO satellites are

smaller and cheaper to design, build, and launch
than traditional geosynchronous satellites. Net-
works of these small satellites are being planned
that will provide data (“little” LEOS) and voice
(“big” LEOS) services to portable receivers all
over the world.

nected computer networks that use a commokMDS: Local Multipoint Distribution Service. An

transmission protocol, allowing users to commu-
nicate across networks.
IRAC: Interdepartment Radio Advisory Committee.

Established in 1922 and now located in the Depart-

experimental service using low-power transmit-
ters, configured in a cellular-like arrangement, to
transmit video to receivers in homes and busi-
nesses.

ment of Commerce, the IRAC consists of 20 repreMicrowave: Radio frequency spectrum signals be-
sentatives from the various government agencies fween 890 MHz and 20 GHz. Point-to-point micro-

involved in or using the radio frequencies.
ISDN: Integrated Services Digital Network. A new

wave transmission is commonly used as a substi-
tute for copper or fiber cable.

that allows users to send digital data over copper

wires.

coded in each cellular telephone that represents the
telephone number.

ITS: Intelligent Transportation System (formerly re- Modulation: The process of encoding information

ferred to as IVHS—see below).

ITU: International Telecommunication Union. The
ITU is a specialized agency of the United Nations
responsible for international regulation of tele-
communications services of all kinds, including
telegraph, telephone, and radio.

onto a radio wave by varying one of its basic char-
acteristics—amplitude, frequency, or phase—in
relation to an input signal such as speech, music, or
video. Two of the most common types of modula-
tion are amplitude modulation (AM) and frequen-
cy modulation (FM).

IVHS: |nte||igent Vehicle H|ghway System. IVHS MMDS: Multi-Channel, Multi-Point Distribution

uses information technology and sensors to im-
prove the management of traffic flow.

LAN: Local area network. Computers are connected
so that they can talk to each other and share a cen-

tral file server and printer. A LAN is confined to a
limited area, usually a single office, or building, or
campus.

LATA: Local Access and Transport Area. Refers to

the local exchange areas developed in connection

with the divestiture of AT&T, within which the

Bell Operating Companies (BOCs) may provide
service. Pursuant to the Modified Final Judgment
(MFJ), BOCs are not permitted to transport calls

Service. Also known as “wireless cable,” MMDS
uses high-power transmitters to broadcast up to 33
channels of subscription video programming to re-
ceiving equipment in homes and businesses. By
using digital technology, MMDS operators may be
able to transmit a much larger number of channels.

MSS: Mobile-Satellite Service. MSS is an ITU-de-

fined service in which satellites are used to deliver
communications services (voice or data, one- or
two-way) to mobile users such as cars, trucks,
ships, and planes. It is a generic term that encom-
passes several types of mobile services delivered
by satellite, including Maritime MSS (MMSS),
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Aeronautical MSS (AMSS), and Land MSS
(LMSS).

NTIA: National Telecommunications and Informa-
tion Administration. NTIA is the President’s ad-

viser on communications and is responsible for ad-

PSTN. The FCC'’s ongoing CMRS proceeding will
bring SMR under the same regulatory umbrella as
cellular and new PCSSeeCommercial Mobile
Radio Serviceand Enhanced Specialized Mobile
Radia

ministering all federal government use of the radioSpectrum: The spectrum consists of all the radio fre-

frequency spectrum, including military commu-

quencies that are used for radio communication.

nications. NTIA is located in the Department of Spread Spectrum:Spread spectrum modulation uses

Commerce.

NTSC: National Television Systems Committee. A

a wide band of frequencies to send radio signals.
Instead of transmitting a signal on one channel,

committee composed of industry representatives spread spectrum systems process the signal and
that established the NTSC standard for black-and- spread it across a wider range of frequencies.
white television in 1940, and color television in the TDMA: Time division multiple access. Refers to a
early 1950s. form of multiple access where a single commu-
Part 15: Part 15 refers to a section of the Rules enacted nications channel is shared by segmenting it by
and administered by the Federal Communications time. Each user is assigned a specific time slot.
Commission. Part 15 rules govern unlicensed raTumbling: Tumbling is the practice of programming a

dio communications in certain frequency bands.
Examples of Part 15 communications devices in-

phone with ESN/MIN pairs until a valid combina-
tion is found.

clude: cordless telephones, spread spectrum ISNyplink: In satellite communications, the signal that

band devices, low-power wireless microphones,
and baby monitors.

PBS: Public Broadcasting Service.
PCS: Personal Communications Service. A radio servBl: Vertical blanking interval. After a television

vice broadly defined by the FCC to be a “family”

of communications services providing mobile and
incidental fixed services for voice and data ap-
plications.

PSTN: Public switched telephone network. The pub-

licly accessible dial-up telephone network.

Roaming: Roaming is the practice of using a cellular

phone in cellular networks outside the user’s home
system.

SMR: Specialized Mobile Radio. The FCC estab-

lished the SMR service in 1974 to provide dispatch

travels from the Earth transmitting station up to the
satellite. The direction the uplink signal travels is
also known as Earth-to-spa&eeDownlink.

image has been displayed, it takes a certain amount
of time for the electron gun to be moved into posi-
tion to scan the next image. No picture information
is sent during this time, allowing data for other
types of information services to be sent.

VSAT: Very small aperture terminal. Refers to small

(less than 6 feet in diameter) satellite receive dish-
es that can send and receive voice, data and video
communications. VSATs are usually deployed in
networks, allowing tens or even hundreds of sites
to be connected in one network.

service to trucking, taxi and similar industries, Wireless Local Loop: Wireless systems can be used

government entities, and to indivi- duals on a for-

instead of copper loops to provide basic telephone

profit basis. SMR systems can also connect to the service to households.
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