As wirdess technologies and systems are
deployed, a host of technical, legal, and socid is-
sues will need to be addressed. Some will be ame-
nable to marketplace solutions; others will not and
will require a policy response. The policymakers
task is complicated because the implications of
ubiquitous wireless information services are
poorly understood due to uncertainties in technol-
ogy, user demand, and regulation. The greatest un-
known in the rollout of the National Information
Infrastructure (NH) and wireless services is what
type of implications the NIl generaly, and wire-
less technologies specifically, will have for people
and businesses. In addition to the technical prob-
lems associated with the wide—scale use of radio-
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based communications, there are aso likely to be
a host of administrative and social problems
associated with wireless that must be addressed.
Chapters 6 through 12 survey the various issues
and implications associated with the widespread
use of wireless technologies.
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and
Interoperability 6

oday’s telecommunications and information infrastruc-
ture consists of many independently operated networks
and systems, including the telephone network, cellular
systems, cable television systems, broadcast radio and
television networks, and various satellite and data com-
munications systems. Some of these can connect and exchange
information, while others cannot. The National Information In-
frastructure (NII) initiative was designed to bring together these
various networks—and a variety of new services—into a seam-
less network of networks that would allow users to send informa-
tion across systems easily and efficieftinn order for this to
happen, different networks must be interconnected and interoper-
able. Standardized interfaces and connections will be critical in
bringing this about and allowing the NIl to develop. This chapter
describes the technological requirements for building a seamless
and integrated infrastructure that includes both wireless and wire-

line networks.

FINDINGS

= A proliferation of wireless voice technologies and stan-
dards is leading to a patchwork of potentially incompatible
systems that may make it more difficult for some mobile
telephone users to “roam” outside their home system, or to
easily switch service providersUntil the early 1980s, the
Federal Communications Commission (FCC) played an active

1 U.S. Department of Commerce, Information Infrastructure Task Force, “The Na- | 169
tional Information Infrastructure: Agenda for Action,” Sept. 15, 1993, p. 7.



role in standards-setting, specifying the tech-
nologies that licensees were required to use.
For example, all cellular licensees were re-
quired to use a technology called Advanced
Mobile Phone Service (AMPS). During the
past decade, however, the FCC has largely
withdrawn from standards-setting for wireless
communications. Today, the FCC usually
leaves it to industry to decide whether there will
be a standard and which technology will be
chosen as the standard. The FCC is following
this approach for Personal Communications
Services (PCS) and digital cellular air interface
standards.

Various industry groups tried to settle on a
single standard for PCS and digital cellular ser-
vices, but were unable to reach agreement. In-
dividual carriers are now choosing the
technology standard/system they will deploy
from among several contenders. Many cellular
carriers have announced their technology
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into the NII, but pose no insurmountable ob-
staclesWireless carriers have a clear incentive
to ensure that their networks are interoperable
with wireline networks because their custom-
ers want to be able to call users of the landline
network, access the Internet, and download in-
formation from online services. If wireless us-
ers were unable to communicate with the much
larger number of wireline users, wireless net-
works would not survive in the marketplace.
However, there are technical challenges that
must be overcome. Most of today’s networking
protocols were developed for wireline net-
works and do not work well in the more chal-
lenging radio environment. Because it is often
necessary to use specialized protocols in wire-
less networks, interoperability cannot be
achieved unless the wireless carrier makes pro-
vision for a translation between wireless and
wireline protocols to occur at the interface.

choice, but most PCS carriers have not. Among] Options

the carriers that have announced Which, orqer to encourage the more orderly integration
technology they will use, there is no consensusyt yireless technologies into the NIi, Congress
two different cellular technologies will be g several broad options. One is for Congress to
deployed, and it appears that at least three difspcqrage the FCC to play a more active role in
ferent PCS technologies will be used. As a régngring that cellular and PCS carriers do not
sult, there is a danger that incompatibleyenioy “multiple technologies. However, the
systems will make it more difficult or impossi- pcc's current approach allows considerable flex-
ble for some users to make and receive calls gfjjity in the service offerings of carriers and spurs
they travel from city to city. a continuing competition among technologies. It
The final impact on customers of the de- 5 ¢onsistent with the trend toward deregulation
ployment of multiple standards is not yet anq competition that individual carriers be al-
clear. To some extent, carriers are coordinatingayed to choose the technology that they believe
their technology choices with carriers in othery give them a competitive edge. Moreover, it
regions. Carriers are also acquiring additionalyqyd be difficult for the FCC to reverse course at
licenses to enlarge their service areas, allowing,is time. Manufacturers have invested in devel-
them to provide expanded roaming without the, ing their systems and service providers have be-
need to coordinate technology choices withy,n making their technology choices.
other carriers. At least three carriers plan to pro- Congress may still wish to hold hearings and
vide near-nationwide service to their custom-,qnitor the process closely. The technology
ers. Consumers and businesses will have tgg|ection process for digital cellular and PCS can
shop carefully for the next generation of mobileye yiewed as an experiment that will show wheth-
Services. er interoperability can be achieved in the de-
Technical challenges and incompatibilities centralized and competitive telecommunications
may slow the integration of wireless systems industry of the future. Moreover, the federal gov-
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ernment, as a user, may want to ensure that seatechnology that all service providers agree to
less nationwide services are available to suppodeploy. In the past, because of the value to con-
its activities. Through their procurement deci-sumers of interoperability, the FCC played a ma-
sions, federal agencies may be able to encouragar role in ensuring that wireless network

carriers to coordinate their technology choices andperators deployed a standard technology for the

create a seamless network. radio link between the network and the (ser.
However, a new model has emerged in which gov-

THE WIRELESS STANDARDS-SETTING ernment leaves it to “the market” to decide wheth-

PROCESS er a standard technology is required and what it

In wireless networks, as in all networks, there aré“”II be.
many pieces that must work together to ensure
seamless communications. From the user’s pef-] The FCC Standards Process
spective, the most important connection is the rabntil the early 1980s, it was generally accepted
dio link between the service provider’s transmitterthat FCC involvement in wireless standards-set-
and the user. The user’s equipment must be able timg was in the interest of the public and the indus-
understand the radio signals transmitted by théy.3 The alternative—the deployment of different
service provider’s network, and vice versa. Fortechnologies by different service providers—was
example, televisions must be able to decode theonsidered too chaotic, and there was a fear that
signals broadcast from television stations and cetechnology development would be slowed if con-
lular phones must be able to send signals througbumers were uncertain about which of many com-
the air in a format that the cellular network under{peting technologies to buy. Setting a standard was
stands. also thought to create the certainty that the indus-
It is sometimes sufficient that user equipmentry needed before it would make the potentially
work with only one service provider’'s network. large investment in manufacturing and deploying
For example, wireless data users can obtain na new technolog§.FCC-selected standard tech-
tionwide coverage from a single carrier—theynologies are still used in many segments of the
may have no need for a modem that works witlwireless communications industry, including ra-
several carriers’ networks. For other servicesdio, broadcast television, and cellular telephony.
however, users may want to be able to access dif- In setting a standard, manufacturers would pro-
ferent networks with the same device. For exampose different technologies for adoption, and the
ple, cellular users can use cellular systems all ovétCC would compare them—often by means of a
the country because their phone is interoperableompetition. The FCC would then select the
with the visited carrier’s network. Television sets“best” technology and designate it as the standard
can receive signals from different stations as welthat had to be used by all service providers. Much
as from cable and satellite services. of the actual work involved in testing and compar-
One way to guarantee that user equipment wiling the candidate systems was done by commit-
operate with several service providers’ systems itees established by the FCC, but the ultimate
to develop an industry standard—a commordecision was made by the FCC itself.

2U.S. Congress, Office of Technology Assessn@lubal Standards: Building Blocks for the Futu@TA-TCT-512 (Washington, DC:
U.S. Government Printing Office, March 1992).

3 Mark J. BraunAM Stereo and the FC@orwood, NJ: Ablex, 1994), p. 10.

4In its proceeding on high definition television (HDTV), the FCC observed that “establishing a standard may overcome audiences’ and
broadcasters’ reluctance to investin ATV technology by increasing the amount of programming available to audiences and ensuring that receiv-

ers will be compatible with broadcast signals.” Federal Communications Commi&sitatjve Decision and Further Notice of Inquiry, Ad-
vanced Television Systems and Their Impact on the Existing Television Broadcast $&®iCeRcd 6535 (1988).
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An important benefit of FCC standards-settingCommission had first tried unsuccessfully to set
was that the chosen technology had to be licensete standard itseff.
on equitable terms to other manufacturers, allow- The notable exception to the FCC’s new policy
ing competition in the manufacture of equipmentof leaving technology choices to the market is
to develop. Furthermore, the standard created ligh Definition Television (HDTV), for which
large national market, attracted competitors, anthe FCC followed the old model of establishing an
created manufacturing economies of scale. Thiadvisory committee and organizing a competition
competition also led to significant innovations in between proponent technologies. There are sever-
equipment and services. For example, competial reasons why the FCC may have decided to play
tion among the many manufacturers building tca more active role with HDTV. First, there was
today’s AMPS standard has led to cellular phonegreat political pressure to develop a national
that are dramatically smaller and less expensivehampion technology that could compete with
than those available when cellular service begarsystems developed in Japan and Eufpecond,

Beginning in the early 1980s, however, thethere was no interest on the part of broadcasters in
FCC has withdrawn from most standards-settingeploying anything other than a standard technol-
activities. The Commission will not, for example, ogy. Third, there were severe constraints on the
select a standard for the next generation of cellulgfeedom that designers could be allowed, given
telephones or for PCS. This change in direction ighe need to squeeze the HDTV signal into unused
part of the trend towards deregulation in thechannels. Fourth, pressure from Congress to
1980s. One component of telecommunicationgyoid multiple standards may have played a role
deregulation is giving service providers the free4n preventing the FCC from leaving the choice to
dom to select the technology that they believe willhe markef. The HDTV standards process is de-

attract the most customers. According to proposcribed in more detail in chapter 5 and in box 6-1.
nents of this approach, consumers benefit from

having a range of technology choices and als
benef?t from gservice proviggrs’ flexibility to %] The Marketplace Approach
introduce new technologies as they become availf the government does not set a standard, then the
able. private sector decides whether there will be a stan-
But the FCC withdrawal from standards-set-dard and which technology will be chosen. The
ting is also the result of practical considerationstelecommunications industry often uses standards
In many cases, it was difficult for the Commissioncommittees to determine a common technology.
to determine which of the contenders had develCommittee-developed standards have many of
oped the “best” technology. The process was oftethe same advantages as a government-selected
long and contentious because the contending tecktandard. For example, network operators all
nologies were often quite similar in their perfor-deploy the same technology, reducing confusion
mance, making it difficult to assemble a rationalefor consumers. In addition, as with government-
for the choice that was sufficiently solid to pre-selected standards, a committee-developed stan-
empt lengthy litigation by the losing proponents.dard is not proprietary. All manufacturers are free
With AM stereo, the first technology for which the to build to the specification contained in publicly
FCC left standards-setting to the market, thevailable standards documents. Companies par-

5 Braun, op. cit., footnote 3.
6 See, for example, William D. Marbach et al., “Super TelevisiBaginessWeekjo. 3089, Jan. 30, 1989, pp. 56- 63.
7 Braun, op. cit., footnote 3.
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BOX 6-1: Interoperability of Video Services

One issue that has attracted considerable attention is the interoperability of video services. There is
growing recognition that video is no longer synonymous with broadcast television, but is an important com-
ponent of many industries and can be delivered by a variety of media, both wired and wireless. Interoper-
ability, in this context, means the ability to use the same video equipment and standards for as many of
these applications and media as possible.' This lowers the cost of equipment and makes it possible for
users to receive information from a variety of sources.

Government plays a special role in ensuring video interoperability because the FCC is leading the
selection of a High Definition Television (HDTV) standard. While the FCC will only mandate a standard for
broadcasters, the Commission has recognized that the selection of an HDTV standard will have significant
implications for other industries. Through the committee structure that was established by the FCC, com-
puter, cable, and other industries have attempted to push the broadcasters toward a technology that takes
their needs into account. In fact, the HDTV system under development is compatible with the international
MPEG-2 framework,’which has been adopted by the new DBS services, the LECs for their new video
dial-tone networks, and many players in the cable industry.

A remaining issue is whether the broadcast industry should be required to broadcast programming in
interlace mode or progressive mode. Current televisions display in interlace mode, in which alternate lines
of the screen are scanned in each frame. Progressive mode, in which each line is scanned every frame, is
considered by many to be more suitable for display on computer monitors. The computer industry has
campaigned for the inclusion of this capability in the terrestrial broadcast system for HDTV While it now
appears that the standard will permit progressive-scan broadcasts, the FCC still has to determine whether
broadcasters will be required to use this capability (see chapter 5).

For a discussion of video and the Nil, see Technology Policy Working Group, Committee on Applications and Technology, In-
formation Infrastructure Task Force, “Advanced Digital Video and the National Information Infrastructure,” Feb. 15, 1995

*MPEG is the Motion Picture Experts Group, an international standards committee that is developing standards for video com-
pression,

SOURCE: Office of Technology Assessment, 1995.

ticipating in the activities of a standards commit-
tee usually have to agree to license, on reasonable
and nondiscriminatory terms, any of their technol-
ogy that is included in the standard.

However, the participants in industry standards
committees do not always agree on which
technology should be the standard. Manufacturers
work to promote the technologies that they have
developed, and campaign against those that other
companies have developed. There is no mecha-
nism for ensuring that agreement will be reached
quickly or at dl, and the process of developing and
agreeing to a standard can often take many years.
Moreover, the existence of a committee-devel-
oped standard does not guarantee that it will be the

only technology that is deployed. In contrast to an
FCC-selected standard, a committee-devel oped
standard is voluntary. Manufacturers may choose
to sell, and service providers may choose to
deploy, a different, proprietary technology. Final-
ly, it is possible that different standards commit-
tees will produce contending standards.

If standards committees fail and multiple
technologies are manufactured, the market still
has an opportunity to create a de facto standard.
Service providers and others who are responsible
for choosing from among the contending technol-
ogies may eventually converge on a single
technology. This is what happened with videocas-
sette recorders, as the VHS technology gradually
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BOX 6-2: Proprietary Interfaces and Lock-in

GSM specification is over 5,000 pages long.

SOURCE: Office of Technology Assessment, 1995.

In the cellular systems deployed in the United States, the interface between cellular switches and base
stations is proprietary. Switches only work with base stations built by the same manufacturer. If network
operators choose to change suppliers for one component of their network, either the switch or base sta-
tions, they have to rebuild the whole system. This tying was of concern to the Department of Justice (DOJ)
when it evaluated AT&T’s acquisition of McCaw. Because cellular companies that used AT&T equipment
were to a certain extent locked in, the DOJ felt there was a risk that AT&T could hurt a competing carrier by
delaying development or delivery of equipment or software, and imposed several safeguards. *

By contrast, in the European cellular standard, GSM, the switch to base station interface is not propri-
etary-base stations and switches from different manufacturers can work together. In fact, the use of open
interfaces is a basic principle of GSM. The GSM standards committee unbundled all important network
functions and defined open interfaces between them. Because of the number of interfaces involved, the

'U.S. Department of Justice, “Proposed Final Judgment and Competitive Impact Statement; United States of America v. AT&T
Corp. and McCaw Cellular Communications, Inc. ,“ notice, Federal Register 59(165):44158, Aug. 26, 1994 at 44168, 44172.

took over the market.’Although in the early
stages of the marketplace process, limited inter-
operability and customer confusion may slow the
convergence to a single standard; because inter-
operability is so valuable to users, situations in
which multiple incompatible technologies are
marketed are often transient.

In addition, it is possible that the de facto stan-
dard will be a proprietary technology, limiting
competition among manufacturers and keeping
equipment prices high. Proprietary interface stan-
dards enable manufacturers to lock in future sales
in an adjacent market: if an interface is propri-
etary, equipment can often connect only to other
equipment made by the same manufacturer. For
example, the subscriber equipment that works
with the new high-powered DBS service is cur-
rently only available from one manufacturer and
cellular base stations usually work only with

switches made by the same manufacturer (see box
6-2).

Europe and Japan have not followed the new
U.S. model of standards-setting. They also rely on
standards committees, but their governments do
not permit the deployment of multiple technolo-
gies. This creates an incentive for committees to
come to agreement. In Europe, strong centralized
standards-setting is viewed as essential to knitting
together disparate national networks. In the first
generation of analog cellular service, different
technologies were deployed in different parts of
Europe, and some technologies were deployed in
only one country. It was impossible for a user to
roam outside their home country and difficult to
achieve economies of scale in the manufacture of
cellular phones. To avoid arecurrence of this
problem, the European Union launched a coordi-
nated effort to develop a European standard for

*For an economic analysis of this phenomenon, see Michael L. Katz and Carl Shapiro, “Technology Adoption in the Presence of Network
Externalities,” 'Journa of Political Economy, vol. 94, No. 4, 1994, pp. 822-841.
° After the first million units are sold, however, a second company will begin selling equipment.
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next-generation digital cellular. This system, the In the PCS industry the situation is much the
Global System for Mobile Communications same. The licensing plan for PCS established two
(GSM), is now being deployed across Europe anticenses in each of 51 Major Trading Areas

in many other countries. (MTAs) and four licenses in each of 493 Basic
Trading Areas (BTAs)—MTAs and BTAs over-
CELLULAR AND PERSONAL lap, meaning that each local area could have up to

COMMUNICATIONS SERVICE STANDARDS six PCS carriers. PCS industry committees also
The development of digital cellular and PCScouId not agree on a standard, and several technol-

technologies is a prime example of how the marpgies are being developed. In both digital cellular

ketplace tries to set standards. It shows thetensid”}_{]CI PC.S’ individual companies will have to de-
between giving competing service providers theCIOIe Wh'ch technol'ogy IS beSt. for them' !B_ecause
freedom to choose their own technologies and th ach carrier h"’.‘s dn‘fergnt b“S'T‘e.S.S priorities, fj'f-
desire for nationwide interoperability. The advan- erent companies are I|ke_ly to initially sele_ct d_'f'
tage of the marketplace approach is that it a“OWgerent standards, maklng _the coordination
carriers considerable flexibility in choosing the problem potentially quite formidable.
services they offer. Moreover, by fostering a com- ] ]
petition among technologies, the less rigid U.S[ Multiple Air Interface Standards
standards-development process may ultimatelffoday’s cellular phones use AMPS for #iein-
lead to a better technology choice than the Euraerface—the radio link between the phone and the
pean approach, which is now locked in to a singléase stationTwo incompatible digital air inter-
technology, GSM. But there is a real danger thatace technologies have been proposed as a re-
different technologies will be deployed in differ- placement for AMPS, one based on Time Division
ent cities, limiting the possibilities for seamlessMultiple Access (TDMA) and the other based on
nationwide roaming. Users may find that they areCode Division Multiple Access (CDMA) (see box
unable to use their phones when away from thei8-3). In the late 1980s and early 1990s, the cellular
home city, contrary to the vision of “anytime, any-industry attempted to choose between the two
where” mobile telephone service. technologies but was unable to reach a consensus
The problem is, in fact, a combination of “no (see box 6-3). As a result, some carriers are de-
standards” and the FCC'’s decision to divide theloying the TDMA system, while others will
nation into many license areas. In developing theleploy the CDMA system.
cellular licensing plan, for example, the FCC PCS operators have also been unable to agree
created 734 cellular license areas—with two li-on a standard. A standards committee established
censees per area. Although some cellular carriets determine which air interface technology
now operate across several areas, the wireless iwould be used in the PCS band only managed to
dustry remains fragmented. With so many compareduce the number of contenders from 16 to seven
nies, establishing seamless nationwide servicésee box 6-4). Two of the proposed PCS technolo-
requires that many carriers across the natiogies are based on the cellular CDMA and TDMA
deploy the same technology. When cellular sersystems, but modified to work at the higher PCS-
vice began in the early 1980s, the FCC solved thisand frequencies. A third PCS technology is
coordination problem by requiring all carriers tobased on the European GSM cellular system, but
use the AMPS standard. For the next generation ahodified to work at the U.S. PCS frequencies and
digital cellular, however, the FCC did not specifyrenamed DCS-1900. The four other technologies
a standard, preferring to let industry committeesvere developed specifically for the new PCS
settle the issue. They could not, and two stanband.
dards—TDMA and CDMA—will be deployed = While the digital cellular and PCS standards
(see below). committees were unable to reach agreement, they
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BOX 6-3: Cellular Standards

vice providers have agreed to adhere to.

SOURCE: Office of Technology Assessment, 1995.

The development of digital cellular standards is the responsibility of a committee of the Telecommunica-
tions Industry Association (TIA) called TR45. In the late 1980s, it appeared that the industry would be able
to agree on a single digital cellular system, based on a technology called Time Division Multiple Access
(TDMA).'But in 1990, Qualcomm, a company based in San Diego, CA, proposed that a second technolo-
gy, called Code Division Multiple Access (CDMA), be used instead.?This proposal was supported by
some cellular carriers, and, in 1992, the cellular industry’s trade association, the Cellular Telecommunica-
tions Industry Association, abandoned the idea of selecting a single technology as a U.S. standard and
asked that TR45 establish a new subcommittee to work on a CDMA system?

TRA45 has developed two U.S. “standards,” the TDMA-based system, referred to as 1S-54, and the
CDMA-based system, referred to as 1S-95. These are standards in the sense that TR45 has written publicly
available specifications that any manufacturer can use to build a conforming system. However, neither
IS-54 nor 1S-95 is a national standard in the way that the current analog cellular system, the Advanced
Mobile Phone Service (AMPS), is a standard: a single specification that all manufacturers and cellular ser-

*Steven Titch, “The Digital Dilemma,” Telephony, Oct. 14, 1991, pp. 33-36.
*Steven Titch and Charles F. Mason, “Digital Cellular: What Now?” Telephony, Feb. 10, 1992, pp. 30-36
*Charles F. Mason, “CTIA Approves CDMA Standards Setting,” Telephony June 15, 1992, p. 3.

will publish specifications for each of the pro-
posed systems. Manufacturers will be able to use
these specifications to build any of the proposed
systems, athough they may have to obtain li-
censes to any patented technology that the sys-
tems incorporate. It does not appear that
manufacturers will try to sell proprietary equip-
ment that is not based on one of the published air
interface specifications. Carriers would be unlike-
ly to choose a proprietary air interface technology
because they would not have as wide a choice of
manufacturers and the future development of their
technology would be in the hands of a single com-
pany.

In part, the wireless industry was unable to
agree on a single technology for either the cellular
or PCS bands because it was difficult to assess the
strengths and weaknesses of the newly developed
systems before large-scale deployment. System
proponents argued at length about the relative per-
formance and technica feasibility of the proposed
technologies. But these arguments were based
largely on theoretical calculations, simulations,

and small-scale tests. None of the proposed sys-
terns had been tested with real world traffic at the
time that the standards committees were deliberat-
ing. There was no conclusive way to evaluate the
claims made by system proponents.

Another significant cause of the industry’s fail-
ure to agree on a single technology was the com-
petitive nature of the wireless equipment industry.
Standards-setting requires compromise; however,
manufacturers who had invested in the develop-
ment of prototype systems and owned intellectual
property rights to the technologies they had devel-
oped tried to prevent rival technologies from be-
ing chosen as a national standard. Although
cellular and PCS service providers played a less
active role in the standards committees, they also
differed in their perception of the features that they
thought their customers would value and in their
evaluation of the contending technologies.

Because the standards committees were unable
to reach consensus, some analysts have suggested
that the FCC should have acted as an arbiter and
selected a standard. However, it is doubtful that an
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BOX 6-4: Personal Communications Services (PCS) Standards

The standards controversies in the 2 gigahertz PCS band are even more complex than those in the
cellular band. At first, two different committees, a new Telecommunications Industry Association (TIA) com-
mittee known as TR46, and T1P1, sponsored by the Alliance of Telecommunications Industry Solutions
(ATIS), were working on PCS standards. ATIS historically has worked on wireline standards for the public
switched telephone network (PSTN), not wireless standards. Its involvement in the development of PCS
standards reflects the fact that PCS was initially viewed as a low tier service that would be integrated to a
greater extent with the PSTN than had been the case for cellular. In 1992, the two committees recognized
the overlap in their work and formed a joint committee, the “Joint Technical Committee on Wireless Access”
(JTe).

A total of 16 technologies were proposed to the JTC for consideration as a U.S. PCS standard. The
committee was only able to reduce the number of contenders to seven; subcommittees are writing stan-
dards for each of these technologies. *One of the main reasons that there are so many more contenders in
the 2 GHz band is that there are different conceptions of what this band is to be used for. Originally, the
PCS band was thought to be for a new kind of wireless technology that would be different from cellular,
Compared to cellular, PCS was supposed to be simpler, use smaller cells and lower power handsets, and
be aimed more at pedestrian than vehicular use. However, many carriers have since come to believe that
the PCS band will be used in much the same way as the cellular band. The diversity of views has made it
even more difficult to agree on a single standard.”

Charles I. Cook, “Development of Air Interface Standards for PCS, "lEEE Personal Communications,vol. 1, No. 4, Fourth Quarter
1994, p. 30.
**The ideal goal of the [committee] would be to arrive at a single air interface that meets the needs of everyone. However, the wide

diversity of potential service providers has caused this to become an unrealistic goal. ” Ibid., p. 31.

SOURCE: Office of Technology Assessment, 1995.

FCC-led competition between the proposed sys-
terns could have resolved the issue sooner, if at al.
The same technological uncertainties and compet-
itive factors that made it impossible for the indus-
try standards committees to select a single system
would also have made it difficult for the FCC.

It is now too late for the FCC to take any action
that could force agreement on a single digital cel-
lular or PCS standard. Manufacturers have begun
to build equipment, and service providers have be-
gun to make their technology choices. If govern-
ment is going to be involved in standards-setting,
it cannot easily step in at the last minute; instead, it
must act early in the process to establish the ex-
pectation that a single technology will be chosen.
In Europe, the development of GSM followed
from a clear objective to create a single standard
that would tie the formerly incompatible national

cellular networks together into a continent-wide
system. Furthermore, the GSM project began at an
early stage in the development of digital cellular,
before manufacturers had a vested interest in any
particular approach.

COMobility Management Systems

In addition to the problem of incompatible air in-
terfaces, a second standards problem—incompat-
ible mobility management technology-maybe a
greater challenge. Cellular and PCS networks use
mobility management technology to connect sys-
tems and exchange information about roamers.
For example, a cellular system can send messages
to a roamer’s home system, informing it of its cus-
tomer’s current location so that any incoming
calls can be forwarded. The switches and other
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network equipment that use a particular air interafforded by digital technology. Other carriers will
face also come with a particular mobility managewait for CDMA, which is still being tested. The
ment technology—when carriers choose their aimaturity of the technology is given special weight
interface technology, they are also choosing a mdsy the new PCS entrants because delays caused by
bility management technology. unforeseen problems with a new technology
Fortunately, all of the cellular air interface would give cellular carriers even more of a head
technologies and most of the PCS-band air interstart in the market. One of the selling points of the
face technologies are usually sold with switcheCS-1900 system is that its GSM and DCS-1800
that use the same mobility management technokousins have been in commercial service in Eu-
ogy, known as IS-41. Users could roam betweerope for several years. American Personal Com-
IS-41-based systems as long as they had multimunications, one of the “pioneer’s preference”
mode phones to overcome any air interfacevinners, has selected DCS-1900 for this reason.
incompatibilities. However, the European Because of uncertainties about the contending
DCS-1900 system is sold with a mobility managesystems’ capabilities and because of differences in
ment system that is not compatible with IS-41their business plans, different carriers are choos-
Therefore, users could not roam betweenng different technologies. Most cellular carriers
DCS-1900 systems and IS-41-based systempave announced their technology choices; Bell
even though it is possible to build a multimodeAtlantic Mobile, NYNEX Mobile, and AirTouch
phone thatincorporates both the DCS-1900 air inplan to deploy CDMA, while AT&T (formerly
terface and a second air interface. This may disyicCaw) and Southwestern Bell Mobile Systems
suade some carriers from choosing DCS-190Gsre deploying TDMA. Among the carriers with
although some manufacturers are trying to make pCSs licenses, most have not yet announced their
possible for the two mobility management sys+echnology choices. However, it appears that two

tems to work together. technologies, the U.S. CDMA system and the Eu-
ropean DCS-1900 system, are attracting the most
[ Carrier Technology Choices interest.
and Interoperability Because there is no clear favorite among the

Because the industry has failed to agree on an digchnologies at this time, there is a risk that a
interface standard, carriers have been evaluatinggtchwork of technologies will be deployed, mak-
the contending systems and trying to determinéng it difficult for users to roam in all cities. The
which technology to deploy. There are significanmpact of multiple standards on roaming depends
risks associated with their technology choice benot on how many technologies are deployed, but
cause the construction of a digital cellular or PC3he pattern in which they are deployed. Some ma-
network requires the investment of millions ofjor players in the wireless industry intend to build
dollars and the wrong choice could leave a carrienetworks with near-nationwide coverage through
at a competitive disadvantage. Among the factorgcquisitions of other carriers, mergers, and al-
of concern to carriers are coverage, capacity, anihnces (see chapter 3). Other carriers are working
voice quality. The most important consideration isto coordinate their technology choice with carriers
the per-user cost of building and operating the nein neighboring regions. These companies or al-
work, because this factor most directly affects diances could then guarantee seamless roaming by
carrier’s ability to compete with its rivals. deploying a single technology throughout their li-

Carriers are also concerned with the technologeense areas. In addition, the technology choices of
ical maturity of the contending systems. For exthese major players will influence the choices of
ample, some cellular carriers have chosen TDMAmaller carriers and thereby determine which of
because itis commercially available and they havéhe contending technologies will survive in the
an immediate need for the greater system capacityarketplace.
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Technological Solutions to Interoperability Because there is no existing common technolo-

To a certain extent, there may be technologica@y in the PCS band, PCS carriers would have to
solutions to the multiple-standard probléfnit ~ €ither use phones that incorporate multiple PCS
may be possible to usaultimodephones that technologies odual-bandphones that incorpo-
work with more than one type of air interface.rate both a PCS air interface and an analog or digi-
However, a multimode phone built with today’s @l cellular airinterface. These dual- or multimode

technology requires additional circuitry that in- Phones would be more expensive to design and
creases the cost and weight of the phone. In the fuild than a single-mode phone, and would take
ture, it may be possible to minimize this penaltylonger to develop. The added cost would depend
by implementing most of the phone’s functions inin part on the degree of similarity between the air
softwarell This approach is the focus of researcHnterface technologies combined in _the phone. It
sponsored by the Advanced Research Project¥ould also depend on manufacturing volumes;

Agencyl2 but the required signal processingthe price of a multimode phone would only be rea-

technologies are still several years away fron$onable if it could be sold in large quantities.
commercialization. Manufacturers are trying to determine which air

Dual-modephones will indirectly allow inter- interface combinations the market will demand, if

operability between cellular companies that2y-

deploy different digital technologies. These

phones will not be TDMA/CDMA phones; Coordinated Technology Choices

instead, they will incorporate AMPS and one ofAlthough multimode technology may provide a
the digital technologies. The AMPS capability ispartial solution to the multiple-standard problem,
being included with all digital phones mainly be- several carriers are taking more direct action to en-
cause it allows users to make calls in areas whesaire that roaming is possible. They recognize that
digital has not yet been deployed—all cellular carnationwide roaming is of value to users and that
riers will continue to support AMPS until most of they will have a competitive advantage if they can
their customers own digital phones. However, useffer nationwide roaming. They are working to
ers who roam into an area that does not employ treordinate their technology choices with carriers
digital technology the user has will be able to fallin other regions. In several cases, a group of carri-
back on AMPS to complete their calls. Fallingers has established an alliance whose members
back to analog incurs a significant performanceagree to deploy a common technoldgyor ex-
penalty; when operating in analog mode, phoneample, US West New Vector, AirTouch, Bell At-
deplete their batteries at least twice as quickly. Ihantic Mobile, and NYNEX Mobile have formed
addition, the continued use of AMPS to supportan alliance that is committed to CDMA.

roamers could slow the transition to more efficient Carriers are also working to expand the area
all-digital networks. that they are licensed to serve, reducing the need to

10“On the other hand, the next generation of mobile radio may well be ‘computers with an RF front end’ with the capability of performing
many signal processing functions. Perhaps different format translations and emulations will be performed by the mobile unit itself so that it can
operate in different modes. Perhaps the mobile unit will be able to be updated to perform new capabilities in the same way that computers today
are updated with new software, expansion boards, and the like.” Federal Communications ConNotsstanf,Inquiry, Advanced Technolo-
gies for the Public Radio ServicdsCC Gen. Docket No. 88-441, Dec. 11, 1989.

11 joe Mitola, “Software Radios|EEE Communicationsjol. 33, No. 5, May 1995, p. 24.

12 Robert J. Bonometti, “Integration of Space and Terrestrial PCS in the Information Infrastrirozegdings of the 1994 Third Annual
International Conference on Universal Personal CommunicatiPiscataway, NJ: IEEE, 1994), p. 455.

13 Gutam Naik, “Alliance Planned for National Wireless Systefing Wall Street JournaNov. 7, 1994, p. A3.
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coordinate with other carriers. One strategy is tdry grants licenses on a nationwide basis to begin
acquire other carriers; there is a clear trend towardiith, guaranteeing nationwide roaming. When
consolidation in the wireless industry. Anotherthere are nationwide networks, the deployment of
strategy for building nationwide coverage was afmultiple technologies would only be of concern to
forded by the FCC'’s design of the PCS auctionsusers if they decided to switch carriers, in which
The licenses in all regions are being auctioned skase they might have to buy a new phone. The lack
multaneously, allowing a carrier to bid for contig- of a national standard would not limit roaming.
uous license areas. In theory, it would be possiblg/hile the FCC has withdrawn from standards set-
to assemble a nationwide system by winning all ofing, it should be recognized that its decisions
the available licenses. While this did not occur inabout the structure of the wireless industry criti-
the first round of auctions, several companies aszally affect the pattern in which technologies are
sembled licenses covering very large areas. Fafeployed.
example, one consortium won licenses with a total
of 182.5 million potential customet. \ ina the Choi
Some of the biggest winners in the first round arrowing the 0|c.es .
of PCS auctions were cellular companies who willThe technology choices of the larger PCS carriers
use their new PCS spectrum to fill in the gaps beand alliances will begin the process of reducing
tween their cellular propertié.in order to knit  the number of contending PCS technologies from
their cellular and PCS licenses together into a nséven to, most likely, two or three. The larger car-
tionwide service, these companies’ customeriers will be looking for partners in the regions
will have to use dual-band phones that work inwvhere they do not have roaming agreements. As a
both the 800 MHz cellular band and the 2 GHzZesult, many mid-sized and smaller operators will
PCS band. It is possible that these willcuml- ~ follow the lead of the larger carriers and alliances.
band, dual-mod@hones that would use a differ- For example, if a high percentage of a small opera-
ent air interface technology depending on whethetor's customers were roamers from a large city, it
they were operating in the PCS or cellular bandwould likely follow the lead of the larger operator.
But phones that used the same air interfacdhe technologies that receive only limited initial
technology in both bands would be simpler andsupport may not survive long in the marketplace.
less expensive. Two of the proposed PCS technoManufacturers would be less likely to build to
ogies are simplypbandedrersions of the cellular these standards, and the price of the phones would
CDMA and TDMA systems, facilitating this not benefit from economies of scale.
dual-band strategy. To some extent, the technolo- Over time, the number of incompatible air in-
gies deployed in the PCS band will be determineterface technologies in the market is likely to be
by the technologies deployed in the cellular bandfurther reduced. Although itis costly to do so, car-
For example, the alliance of US West New Vectorfiers may switch technologies as more is learned
AirTouch, Bell Atlantic Mobile, and NYNEX about the performance of the competing systems
Mobile plans to use CDMA in both its cellular and or about the choices of competitors and alliance
PCS properties. partners. Carriers may choose to deploy a more
Alliances and consolidation represent the inimature technology today, knowing that in a few
dustry’s attempt to overcome the FCC's decisioryears they will exchange it for a better technology.
to divide the wireless service map into a largd=or example, some carriers believe that CDMA
number of license areas. AlImost every other courmay prove to be a better technology in the long

14“Broadband PCS Auction Nets $7.7 Billiorglecommunications Reportsl. 61, No. 11, Mar. 20, 1995, p. 3.
15 |pid.
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run, but that TDMA is the best technology for ever. The largest suppliers of GSM equipment are
solving immediate capacity problems. Someall European companié8,but U.S. companies
manufacturers support this strategy by designinguild GSM and DCS-1900 equipment and are
their products so that much of the equipment purselling it around the world.

chased for a TDMA rollout can later be used for

CDMA. INTEROPERABILITY OF WIRELESS
AND WIRELINE NETWORKS
[ Effect of PCS and Cellular The first section of this chapter discussed the radio
Standards on Trade link standards that enable interoperability be-

One side effect of the U.S. approach to standard$aeen a user’s phone or other wireless device and
setting is that it has left the United States without @ service provider’s network. But it is equally im-
national champion technology to sell in otherportant that different networks be interoperable
countries. The worldwide market for cellular tele-with each other, allowing their users to exchange
phone equipment is large, especially when thénformation with users of other networks. The fu-
possibilities for wireless local loop applicationsture NIl is often envisioned as a network of net-
are considered. Because the battles over standamtsrks—a diverse collection of networks that are
in the United States have slowed the commerciaindependently operated but still interoperable.
ization of U.S. digital cellular, more and more Therefore, it is necessary that the wide variety of
countries are adopting GSM. GSM has a signifiwireless networks currently being deployed—
cant head start, with 1.8 million phones in servicd®CS, cellular, wireless data networks, and oth-
worldwide in mid-1994 compared to 100,000ers—be interoperable with wireline networks as
U.S. digital phones® It has been adopted by 78 well as with each other.
network operators in 59 countritgsOutside of Although there are technical challenges that
the European Union, GSM has been selected hyeed to be overcome to ensure wireless-wireline
carriers in China, Australia, New Zealand, Russiainteroperability, it is unlikely that the infrastruc-
and Hong Kong, for examplé. ture will be segmented into separate wireless and
The openness of the U.S. technology selectiowireline worlds. There are clear incentives for the
process creates other imbalances. Because Europgerators of wireless networks to ensure that there
and Japan have specified the technology that all lis interoperability between wireless and wireline
censees must use, these markets are closed to tiegworks. Wireless carriers know that their cus-
U.S.-developed technologies. For example, evetomers want to be able to talk to wireline users of
if the U.S. CDMA system does turn out to offerthe public switched network, exchange e-mail
significant advantages, service providers in Euwith users of the Internet, and retrieve information
rope would not be able to adopt it in place of GSMfrom their companies’ computer networks. Wire-
At the same time, however, the technology-neuless networks would not survive in the market-
tral U.S. licensing process allows PCS carriers tplace if their users were limited to isolated islands,
adopt the European DCS-1900 technology. Thenable to communicate with the far larger number
real effect on U.S. manufacturers is unclear, howef wireline-connected users.

16 Gail Edmondson, “Wireless Terrier8usinessWeekjay 23, 1994.
17 Mark Newman, “GSM Takes On the WorldCbmmunicationsWeek Internationisue 133, Oct. 24, 1994, p. 1.
18“GSM Gold Mine,” table ifCommunicationsWeek Internation&sue 1320ct. 10, 1994, p. 26.

191pid. A table lists the four largest suppliers of GSM equipment as Ericsson, Siemens, Nokia, and Alcatel. Motorola and AT&T appear on
the list, but sales volumes are considerably smaller. For example, according to the table, AT&T has sold four GSM switches, Ericsson 33, Sie-
mens 30, Nokia 15, and Alcatel 14.
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Wireless-wireline interoperability also allows translate between ordinary wireline modem stan-
for communication between disparate wirelesslards and special modem protocols that work bet-
networks. Because most wireless networks act @aer over a noisy wireless link. Operators of
an extension to a larger wireline network, thewireless packet data networks need to translate the
wireline network can serve as a common corapecialized protocols that they use into the proto-
through which incompatible wireless networkscols used in the Internet or in corporate data net-
exchange traffic. For voice or fax traffic, this com-works. E-mail may have to be translated from a
mon core would be the public switched telephonavireline format into the format used by paging
network; for data, it might be the Internet. For ex-networks, permitting instantaneous delivery of
ample, the fact that both CDMA and TDMA cellu- e-mail from wireline users to alphanumeric pagers
lar networks are designed to interoperate with ther laptop computers equipped with paging receiv-
public switched telephone network (PSTN) will ers.
also allow them to interoperate with each other. Because different types of services require sep-
The wireline standards can act as a common lararate translation schemes, it is often the case that
guage, allowing users of incompatible wirelessservices that have the most commercial value are

networks to communicate. supported first. For example, the new digital cel-
lular services will support the interoperability of
[ Translation of Protocols voice services from the beginning because voice is

Despite the incentives for wireline-wireless inter-considered to be the core service. But interoper-
operability, it is not always easily or inexpensive-ability of fax and data services will not be
ly achieved. It would be easier to achieve ifsupported until the appropriatiterworking
wireless and wireline systems could use the sarrRgquipment is installed. More specialized services,
protocols—the rules and formats that govern hovguch as secure voice services, which have only a
communication occurs. But many wireline proto-limited market, may have to wait even longer.
cols do not work well over wireless links, becausé/Vhere these services are essential to the mission
wireless links are noisier, have less bandwidthof a government agency, the agency will have to
and may have a long transmission delay. Thereget involved with industry groups and standards
fore, it is often necessary to use specialized wirecommittees to ensure that the services are avail-
less protocol39 Because these protocols areable.
incompatible with their wireline counterparts, in- Most of the cost of ensuring interoperability
teroperability requires that there be some type ofalls on wireless network operators because wire-
translation or “gateway” at the interface betweerless networks are newer and have fewer users. For
wireless and wireline networks. the most part, wireline protocols have been devel-
For example, interconnection of digital cellular oped without regard to the needs of wireless. Sat-
networks to the public switched network requiresellite operators, in particular, have complained
that the voice signals be translated from the wirethat wireline protocols were developed and stan-
less to the wireline format—wireless networksdardized based on assumptions about short trans-
have to use a much lower bit rate because of thaission delays that do not hold true for satellite
limited bandwidth available. Cellular carriers alsoserviceg! Many of the technical issues of inte-
need to install “modem pools” at their switches tograting wireless access with Asynchronous Trans-

20 John A. Kilpatrick and Mobeen Khan, “MOBITEX and Mobile Data StandatB&E Communications;ol. 33, No. 3, March 1995,
p. 96.

21t takes about half a second for a signal transmitted to a geosynchronous satellite to reach its destination.
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fer Mode (ATM) networks, which are expected toexpensive call into a very expensive call. More
play a key role in the future wireline infrastruc- efficient call routing would send the call directly
ture, still have to be address&din the future, to the user’s current location. For this to be pos-
however, the increasing interest in wireless magible, however, the LEC or long distance carrier at
mean that network designers will use a more intethe originating end of the call would have to have
grated approach that takes both wireless and wirge be able to recognize that the number belonged
line into account. Government can reinforce thigso a mobile user, look up the user’s current loca-
direction by supporting testbeds and demonstraion in a database, and then route the call appropri-
tion projects that include both wireless and wire-ately.

line components. As more and more users become mobile, wire-
line networks will have to begin to recognize the
[J Wireline Networks and Mobility concept of mobility. The first step toward incorpo-

Another challenge to integrating wireless andating mobility concepts into the landline network
wireline networks is that existing wireline net- is Now being taken with the assignment of special
works, such as the PSTN and the Internet, do n6b00” numbers. If this nongeographic prefix is
recognize that users can be mobile. They associatged in place of an area code (e.g., (500)
a telephone number, for example, with a fixedl23-4567), it indicates to wireline switches that
location. As a result, wireless operators have hathe user could be mobile. Wireline carriers are cur-
to develop their own specialized call routing pro-rently using “500” numbers for an advanced call-
cedures. For example, the cellular industry’sforwarding service. Customers use a touch-tone
IS-41 mobility management system, used to forphone to update a database that records the phone
ward calls to a user’s cellular phone as they travenumber to which calls should be forwarded. How-
operates separately from the wireline network’sver, with current technology, it is not possible for
call-routing mechanism. a wireless network to automatically update this

The lack of integration between wireless andocation database as a customer moves from city
wireline call routing mechanisms causes ineffi-to city. True integration will require that the wire-
ciencies?3 With 1S-41, for example, calls are first less industry’s mobility management technology
delivered to the user’'s home system and then fowork with the wireline industry “Intelligent Net-
warded to the city where the user is currently lowork” call routing technology, which is only now
cated. In fact, the called user could be in the nextecoming possiblé? It will also require business
room, but the call would still be routed all the wayarrangements that permit wireline and wireless
to the user’s home city and then back again, resarriers to have access to each other’s location da-
quiring two long distance calls and turning an in-tabases (see chapter 7).

22“News from JSAC,1EEE Communicationsjol. 33, No. 5, May 1995, p. 12.

23 3ee discussion in National Regulatory Research Institute (NE&t)petition and Interconnection: The Case of Personal Communica-
tions Services]uly 1994, Columbus, Ohio, pp. 20-24.

24Brenda E. Edwards and Paul B. Passero, “Testing PCS in PittsbBedlegre ExchangeSeptember 1993, p. 14.



