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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.
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.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).
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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.



Chapter 1 Introduction and Policy Issues | 19

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.
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"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.
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[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.
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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).
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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.



