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Abstract

This paper compares and contrasts two technologies for ddivering broadband wireless
Internet access sarvices, "3G" vs. "WiF". The former, 3G, refers to the collection of third
genegation cdlular technologies that are designed to adlow mobile cdlular operators to
offer integrated data and voice services over cdlular networks. The latter, WiFi, refers to
the 802.11b wirdess Ethernet standard that was designed to support wirdless LANS.
Although the two technologies reflect fundamentdly different service, indugry, and
architecturd design gods, origins, and philosophies, each has recently atracted a lot of
atention as candidates for the dominant platform for providing broadband wirdess
access to the Internet. It remains an open question as to the extent to which these two
technologies are in competition or, perhaps, may be complementary. If they are viewed as
in compstition, then the triumph of one a the expense of the other would be likdy to
have profound implications for the evolution of the wirdess Internet and service provider
indugtry dructure. The god of the quditative discusson of these two technologies is to
provide a more concrete understanding of the differing worldviews encompassed by these
technologies and ther relative strengths and wesknesses in light of the forces shaping the
evolution of wireless Internet services.

. Introduction

The two mogt important phenomena impacting telecommunications over the past
decade have been the explosve pardld growth of both the Internet and cellular telephone
sarvices. The Internet brought the benefits of data communications to the masses with
emal, the Web, and eCommerce; while cdlular service has endbled “follow-me-
anywhere/dways on' telephony. The Internet helped accederate the trend from voice-
centric to data-centric networking. Data dready exceeds voice traffic and the data share
continues to grow. Now, these two worlds are converging. This convergence offers the

! This most recent draft was prepared by William Lehr, without the benefit of a final review from Lee
McKnight.
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benefits of new interactive multimedia services coupled to the flexibility and mobility of
wirdess. To redize the full potential of this convergence, however, we need broadband
access connections. What precisdly conditutes "broadband” is, of course, a moving
target, but a a minimum, it should support data rates in the hundreds of kilobits per
second as opposed to the 50K bps enjoyed by 80% of the Internet users in the US who
dill rdy on did-up modems over wirdine circuits, or the even more anemic 10-20Kbps
typicaly supported by those cdlular providers that even bother to offer data services.
While the need for broadband wireless Internet access is widely accepted, there remains
great uncertainty and disagreement as to how the wirdless Internet future will evolve.

The god of this paper is to compare and contrast two important technologies that
are likdy to play important roles Third Generation Celular ("3G") and Wirdess Locd
Area Networks ("WLAN"). Specificdly, we will focus on 3G as embodied by the UMTS
and WCDMA standards versus the WLAN technology embodied by the WiFi or 802.11b
gandard, which is the most popular and widdly deployed of the WLAN technologies. We
use these technologies as reference points to span what we believe are two fundamentdly
differert philosophies for how wirdess Internet access might evolve. The former
represents a naurad evolution and extensgon of the busness modes of exiding cdlular
providers. These providers have dready invested billions of dollars purchasng the
gpectrum licenses to support advanced data services and equipment makers have been
gearing up to produce the base dations and handsets for wide-scae deployments of 3G
sarvices. In contrast, the WiF approach would leverage the huge ingtdled base of WLAN
infrestructure  dready in place in many government, universty, and corporate
environments and the supporting industry of equipment makers.

In focusng on 3G and WiHF, we ae ignoring many other technologies that are
likely to be important in the wirdess Internet such as satdlite services, LMDS, MMDS,
or other fixed wirdess dternatives. We adso ignore technologies such as BlueTooth or
HomeRF which have a times been touted as potentid rivas to WiH, a least in home
networking environments. Moreover, we will not discuss the reaionship between
vaious trandtiond, or "2.5G" cdlular technologies such as GPRS and 3G, nor will we
discuss the myriad posshilities for "4G" cdlular technologies. While dl of these ae
interesting, we have only limited space and our god is to tease out what we bdieve are
important themestrendsforces shagping the industry structure for next generation wireless
sarvices, rather than to focus on the technologies themselves. We use 3G and WiF as
shorthand for broad classes of related technologies that have two quite digtinct industry
originsand histories.

Spesking broadly, 3G offers a verticaly-integrated, top-down, service-provider
goproach to ddivering wireless Internet access, while WiF offers (at least potentidly) an
end-user-centric, decentrdized approach to service provisoning. Although there is
nothing intrindc to the technologies that dictates that one may be associated with one
type of industry dructure or another, we use these two technologies to focus our
speculations on the potentia tensions between these two dternative world views.

We bdieve that the wirdess future will include a mix of heterogeneous wirdess
access technologies. Moreover, we expect that the two worldviews will converge such
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that verticdly-integrated service providers will integrate WiF or other  WLAN
technologies into their 3G or wirdine infrastructure when this mekes sense. We ae,
perhaps, less optimistic about the prospects for decentraized, bottomup networks —
however, it is interesting to consider what some of the roadblocks are to the emergence of
such a world. The latter sort of industry structure is dtractive because it is likely to be
quite competitive, whereas the top-down verticdly-integrated service-provider mode
may — but need not be -- less s0. The multiplicity of potentid wirdess access
technologies and/or business modds suggests that we may be able to redize robust
fadlities-based competition for broadband loca access services. If it occurs, this would
hep solve the "last mile'" competition problem that has bedeviled tdecommunications

policy.
. Some background on WiFi and 3G

In this section, we provide a brief overview of the two technologies to help orient
the reader. We will discuss each of the technologies in turn.

A. 3G

3G is a technology for mobile cdlular service providers. Mobile cdlular services
are provided by service providers that own and operate their own wirdess networks and
sl cdlular sarvices to end-usars, usudly on a monthly subscription basis. Mobile service
providers use licensed spectrum to provide wirdess telephone coverage over some
rlativdly large contiguous geographic sarving aea. Hidoricdly, this might have
included a metropolitan area. Today it may include the entire country. From a users
perspective, the key feature of cdlular service is that it offers (near) ubiquitous and
continuous coverage. That is, a consumer can cary on a teephone conversation while
driving adong a highway a 100 Km/hour. To support this service, cdlular operators
maintain a network of interconnected and overlapping celular base dations that hand- off
customers as those customers move among adjacent cdls. Each cdlular base station may
support users up to severa kilometers away. The cell towers are onnected to each other
by a backhaul network that dso provides interconnection to the wireline Public Switched
Telecommunications Network (PSTN) and other services. The mobile system operator
owns the end-to-end network from the base gtations to the backhaul network to the point
of interconnection to the PSTN (and, perhaps, parts thereof).

The firg mobile cdlular services were andog. Although mobile services began to
emerge in the 1940s, the firs mass market mobile services in the U.S. were based on the
AMPS (Advanced Mobile Phone Service) technology. This is what is commonly referred
to as first generation wirdess. The FCC licensed two operators in each market to offer
AMPS sarvice in the 800-900MHz band. In the 1990s, cdlular services based on digitd
mobile technologies ushered in the second generation (2G) of wirdess sarvices tha we
have today. These were referred to as Persond Communication Systems (PCS) and used
technologies such as TDMA (Time Divison Multiple Access), CDMA (Code Divison
Multiple Access) and GSM (Globa System for Mobile Communications). From 1995 to
1997, the FCC auctioned off PCS spectrum licenses in the 1850 to 1990 MHz band.
CDMA and TDMA were deployed in the various parts of the U.S., while GSM was
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deployed as the common standard in Europe. The next or Third Generation (3G) cdlular
technologies will support higher bandwidth digitd communications and are expected to
be based on the UMTS (Universd Mobile Teecommunications System) or WCDMA
(Wideband CDMA) technologies.

The chief focus of wirdless mobile services has been voice telephony. However,
in recent years there has been growing interest in data services as well. While data
savices ae avalable over AMPS systems, these are limited to quite low data rates
(<10Kbps). Higher speed data and other advanced telephone services are more readily
supported over the digitd cdlular 2G sysgems. The 2G sysems aso support larger
numbers of subscribers and so helped dleviate capacity problems faced by older AMPS
gydems in more congested environments. Neverthdess, the data rates supportable over
2G sysems are ill quite limited, offering only between 10-20Kbps. To expand the range
and capability of data services that can be supported by digitad cdlular systems, service
providers will have to upgrade their networks to one of the 3G technologies. These can
support data rates of from 384Kbps up to 2Mbps, dthough most commercid
deployments are expected to offer data rates closer to 100Kbps in practice. While this is
substantidly below the rates supported by the current generation of wireline broadband
access services such as DSL or cable modems, it is expected that future upgrades to the
3G or the trandgtion to 4G cdlular services will offer subgtantidly higher bandwidths.
Although wirdine sysems are likely to aways exceed the capacity of wirdess ones it
remans unclear precisdy how much bandwidth will be demanded by the typicd
consumer and whether 3G services will offer enough to meet the needs of most
consumers.

Auctions for 3G spectrum licenses occurred in a number of countries in 2000 and
the firsd commercid offerings of 3G services began in Japan in October 2001. More
recently, Verizon Wirdess has announced "3G" sarvice in portions of its serving territory
(athough thisis not true-3G service).

B. WiFi

WiFi is the popular name for the wirdess Ethernet 802.11b standard for WLANS.
Wirdine loca area networks (LANs) emerged in the early 1980s as a way to dlow
collections of PCs, terminds, and other distributed computing devices to share resources
and peripherals such as printers, access servers, or shared storage devices. One of the
most popular LAN technologies was Ethernet. Over the years, the IEEE has approved a
succession of Ethernet standards to support higher capacity LANSs over a diverse array of
media. The 802.11x family of Ethernet standards are for wirdess LANS.

WiF LANSs operate usng unlicensed spectrum in the 25GHz band. The current
generation of WLANSs support 10Mbps data rates within 300 feet of the base sation.
Mog typicdly, WLANSs are deployed in a distributed way to offer last-few-hundred-feet
connectivity to a wirdine backbone corporate or campus network. Typicaly, the WLANs
are implemented as part of a private network. The base dtation equipment is owned and
operated by the end-user community as part of the corporate enterprise network, campus
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or government network. In most cases, use of the network is free to end-users (subsidized
by the community as a cost of doing business, like corporate phones).

Although each base dation can support connections only over a range of a few
hundred fedt, it is possble to provide contiguous coverage over a wider area by using
multiple base dations. A number of corporate busness and universty campuses have
deployed such contiguous WLANs. Stll, the WLAN technology was not designed to
support high-speed hand-off associated with users moving between base dtation coverage
areas (i.e., the problem addressed by mobile cdlular systems).

In the lagt two years, we have seen the emergence of a number of service
providers that are offering WiF services for a fee in sdected locd areas such as hotels,
arport lounges, and coffee shops. Mobilstar, which declared bankruptcy during the latter
haf of 2001, was one d the leaders in this area. In addition, there is a growing movement
of so-cdled "FreeNets' where individuas or organizations are providing open access to
subsidized WiFi networks.

In contrast to mobile cdlular, WLANs were principaly focused on supporting
data communications. However, with the growing interes in supporting red-time
services such as voice and video over IP networks, it is both possble and increasingly the
case that voice telephony services are being offered over WLANS.

[1. How are WiFi and 3G same

From the preceding discussion, it might gppear that 3G and WiF address
completely different user needs in quite distinct markets that do not overlgp. While this
was certainly more true about earlier generations of cdlular services when compared with
wired LANs or ealier versons of WLANS, it is increasingly not the case. The end-user
does not care what technology is used to support his service. What matters is that both of

these technologies are providing platforms for wirdess access to the Internet and other
communication Services.

In this section we focus on the ways in which the two technologies may be
thought of as smilar, while in the next section we will focus on the many differences
between the two.

A. Both arewireless

Both technologies are wirdess which (1) avoids need to ingtdl cable drops to
eech device when compared to wirdine dterndives and (2) facilitates mobility.
Avoiding the need to ingtdl or reconfigure loca didribution cable plant can represent a
ggnificant cost savings, whether it is within a building, home, or in the las mile
digribution plant of a wirdine service provider. Moreover, many types of wirdess
infradructure can provide scdable infradructure when penetration will increese only
dowly over time (e.g., when a new sarvice is offered or in an overbuild scenario). New
base stations are added as more users in the local area join the wirdess network and cells
ae reszed. Wirdess infrastructure may be deployed more rapidly than wirdine
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dternatives to respond to new market opportunities or changing demand. These aspects
of wirdess may make it atractive as an overbuild competitor to wireline local access,
which has large sunk/fixed cogts that are more susceptible to the homes passed than the
actud levd of subscribership. The high upfront cost of ingdling new wirdine lagt-mile
facilitiesis one of the reasons why these may be a natural monopoly.

Wirdess technologies dso fadilitate mobility. This includes both the ability to
move devices around without having to move cables and furniture and the ability to Stay
continuoudy connected over wider sarving arees. We refer to the first as locd mobility
and this is one of the key advantages of WLANSs over traditiond wirdine LANs. The
second type of mobility is one of the key advantages of cdlular sysems such as 3G.
WLANSs trade the range of coverage for higher bandwidth, making them more suitable
for "locd hot spot" service. In contrast, 3G offers much narrower bandwidth but over a
wider cdling area and with more support for rapid movement between base dations.
Although it is possble to cover a wide area with WiH, it is most commonly deployed in a
locd area with one or a few base daions being managed as a separate WLAN. In
contrast, a 3G network would include a large number of base dations operating over a
wide area as an integrated wirdess network to enable load sharing and uninterrupted
hand- offs when subscribers move between base stations at high speeds.

This has implications for the magnitude of initid invesment required to bring up
WLAN or 3G wirdess sarvice and for the network management and operations support
services required to operate the networks. However, it is unclear at this time which type
of network might be lower cost for equivdent scde deployments, ether in terms of
upfront capita costs (ignoring spectrum cogts for now) or on-going network management
costs.

B. Both are access technologies

Both 3G and WiF are access or edge-network technologies. This means they
offer dternatives to the lagt-mile wirdine network. Beyond the last-mile, both rey on
amilar network connections and transmisson support infrastructure. For 3G, the wirdess
link is from the end-user device to the cdl base gation which may be a a distance of up
to a few kilometers, and then dedicated wirdine facilities to interconnect base dations to
the carrier's backbone network and ultimately to the Internet cloud. The locd backhaul
infragructure of the cel provider may be offered over facilities owned by the wirdess
provider (e.g., microwave links) or leased from the locd wirdine telephone service
provider (i.e.,, usudly the incumbent loca exchange carier or ILEC). Although 3G is
conceived of as an end-to-end service, it is possble to view it as an access service.

For WiH, the wirdess link is a few hundred feet from the end-user device to the
base dation. The base dation is then connected ether into the wirdine LAN or enterprise
network infrastructure or to a wireline access line to a carier's backbone network and
then eventudly to the Internet. For example, WiF is increasingly finding gpplication as a
home LAN technology to enabling sharing of DSL or cable modem residentid broadband
access sarvices among multiple PCs in a home or to enable within-home mobility. WiH
isgenerdly viewed as an access technology, not an end-to-end service.
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Because both technologies are access technologies, we must aways consider the
role of backbone wirdine providers that provide connectivity to the rest of the Internet
and support transport within the core of the network. These wireline providers may aso
offer competing wirdline access solutions. For example, one could ask whether an ILEC
might seek to offer WiF access as a way to compete with a 3G provider; or a 3G
provider might expand therr offerings (including integreting WiF) to compete more
directly with an ILEC. Of course, the incentives for such head-to-head competition are
muted if the 3G provider and ILEC (or cable modem provider) share a common corporate
parent (e.g., Verizon and Verizon Wireless).

Findly, focusng on the access-nature of 3G and WiF alows us to abdract from
the other dements of the value chain. Wirdess services are pat of an end-to-end vaue
chan tha incudes in its coarsest ddineation a least (1) the Internet back bone (the
cloud); (2) the second mile network providers (ILEC, celular, cable, or NextGen carrier);
and, (3) the last mile access facilities (and, beyond them, the end-user devices). The
backbone and the second mile may be wirdess or wirdine, but these are not principaly a
"wirdess' chdlenge It is in the last mile — the access network — that ddivering mohility,
bandwidth, and follow- me-anywhere/anytime services are most chalenging.

C. Both offer broadband data service

Both 3G and WiF support broadband data service, athough as noted earlier, the
data rate offered by WiF (10Mbps) is subgtantidly higher than the couple of 100 Kbps
expected from 3G sarvices. Although future generations of wirdess cdlular technology
will support higher speeds, this will aso be the case for WLANS, and nether will be
likely to compete with wireline speeds (except over quite short distances).

The key is that both will offer sufficient bandwidth to support a comparable array
of savices, including red-time voice, data, and Streaming media, that are not currently
essly supported over narrowband wirdine sarvices. (Of course, the qudity of these
services will be quite different as will be discussed further below.) In this sense, both will
support "broadband” when thisis defined as "faster than what we had before.”

Both sarvices will adso support "dways on" connectivity which is another very
important aspect of broadband service. Indeed, some andysts believe this is even more
important than the raw throughput supported.

IV.  How arethey different

In this section, we congder severd of the important ways in which the Wik and
3G are substantively different.

A. Current business models/deployment are different.
As noted above 3G represents an extenson of the cdlular service provider modd.

This is the technology of choice for upgrading exising cdlular tedephone services to
expand capacity and add enhanced servicess The basc busness modd is the
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telecommunications service modd with providers that own the infragructure (including
the spectrum) and sl service on that infrastructure. End-customers see the expense of a
3G network as a recurring operating expense — analogous to regular telephone service.
Not surprisngly, the 3G business modd is close to the wirdine telephone busness. The
mindsst is on long-lived ceapitd assets, ubiquitous coverage, and service integration.
Moreover, tedecommunications regulatory oversght, including common cariage and
interconnection rules are part of the landscape. The service is conceptudized usudly as a
mass-market offering to both resdentid and business customers on a subscription bass.
The 3G deployment and sarving provisoning model is one of top-down, verticaly-
integrated, and centralized planning and operation. It is expected that 3G services will be
provided as pat of a bundled service offering, to take advantage of opportunities to
implement price discrimination drategies and to exploit consumers preference for "one-

stop" shopping/sngle bill service.

In contrast, WiF comes out of the data communications industry (LANS) which is
a by-product of the computer industry. The basc busness moded is one of equipment
makers who sell boxes to consumers. The services provided by the equipment are free to
the equipment owners. For the customers, the equipment represents a capital asset thet is
depreciated. While WiF can be used as an access link, it has not heretofore been thought
of as an end-to-end service. Only recently have WLANS been targeted as a mass market
offering to home users. Previoudy, these were inddled most typicaly in corporate or
universty settings End-user customers buy the equipment and then sdf-ingdl it and
interconnect it to their access or enterprise network facilities Typicdly, end-users are not
charged directly for access. Service is provided free for the closed user-community {.e.,
employess of the firm, sudents a the universty), with the cods of providing wirdess
access subsidized by the firm or universty. More recently, we have seen the emergence
of the FreeNet movement and several sarvice provider initigtives to offer (semi-)
ubiquitous WiFi access services.

Paticipants in the FreeNet movement are seting up WiF base dations and
allowing open access to any users with the suitable equipment to access the base dation
(i.e, just an 801.11b PCMIA card in a lgptop). Participants in this grass-roots movement
do not charge for use of the access service (either to recover the costs of the wirdess
access infragtructure or the recurring costs of providing connectivity to the Internet).
Because data traffic is inherently bursty and many end-users have dedicated facilities for
which they pay a flat rate to connect to the Internet and because they have dready
incurred the cost of the wirdess access equipment for their own needs, FreeNet
proponents argue that the incremental cost of supporting access is zero, and hence, the
price ought to be aso. While this may be true on lightly-loaded networks, it will not be
the case as FreeNets become more congested and it will not be the case for traffic-
variable costs upstream from the FreeNet. Moreover, if migration of consumers from paid
access sarvices to FreeNet access is sgnificant, this will cannibalize the access revenues
eaned by sarvice providers offering wireline or wirdess access sarvices. These issues
rase questions about the long-term viability of the FreeNet movement. In any case, this
movement is playing an important role in rasng awareness and helping to develop end-
user experience with using wireless broadband access services.

Page 8 of 18



3G vs. WiFi Lehr & McKnight

In addition to the FreeNet movement, there are a number of service providers now
looking a usng WiFi as the basis for wireless access over broad geographic areas. Most
recently, the charman and founder of Earthlink (one of the largest I1SPs in the U.S),
Kenneth Lay formed a new wireless ISP called Boingo.? Boingo's business modd will be
to act as a clearinghouse and backbone infrastructure provider for loca service providers
interested in deploying WiFH access networks. Boingo will sdl end-users a monthly
subscription service that Boingo would then share with the WiF network owners to
compensate them for deploying and providing the sarvice Boingo would handle the
cusomer billing and marketing, building out its footprint organicdly, as more and more
WiF locd sarvice providers join the Boingo family of networks. Partners may include
gndler 1SPs, hotels, arport lounges, and other retall establishments where potentiad
customers are likely to be interested in getting wireless access.

With respect to deployment, 3G will require subgtantid invesment in new
infrastructure to upgrade exising 2G networks, however, when deployed by an exiging
cdlular provider, much of the 2G infrastructure (e.g., towers and backhaul network) will
remain usesble For WiHF, it is hoped that deployment can piggy-back on the large
exiding base of WLAN equipment dready in the field. In both case, end-users will need
to buy (or be subsidized) to purchase suitable interface devices (e.g., PCMIA cards for
3G or WiFi access).

In contrast to 3G, WiF wirdless access can emerge in a decentralized, bottom-up
fashion (dthough it is dso possble for this to be centraly coordinated and driven by a
wirdine or cdlular sarvice provider). While the prevaling busness modd for 3G
sarvices and infragtructure is verticdly integrated, this need not be the case for WiFi. This
opens up the posshility of a more heterogeneous and complex industry vaue chain. One
impediment to the growth of paid but decentraized WiF service offerings is consumer's
preference for one-sop shopping/angle monthly billing. Boingod's modd offers one
goproach to overcoming this resstance. Alternative approaches that are under research
condderation (i.e, not commercdly vidde today) include usng some form of micro-
payments €.g., eCash or credit card hilling). It is dso wel-known that consumers have a
demondrated preference for flaa rate billing, which may cause problems in a
decentrdized WIiF provisoning mode if backhaul cogs ae traffic vaiable (eq.,
suppose rate for Internet connection from base dation to cloud varies with traffic), then
offering flat rate service may be percelved as too risky br the base station owner. Once
again, Boingo's gpproach suggests how an intermediary willing to aggregate customers
and take advantage of the scade economies associated with serving a larger customer base
(e.g., with respect to retall costs and backhaul traffic management codts) can play an
important role in facilitating the emergence of decentralized networking infrastructure,

B. Spectrum policy and management

One of the key digtinctions between 3G and WiF tha we have only touched upon
ligntly thus far is that 3G and other cdlular technologies use licensed spectrum, while

2 See Ben Charny, "EarthLink founder takesto the air," CNET News.Com, December 19, 2001.
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WiF uses unlicensed shared spectrum. This has important implications for (1) Cost of
savice (2) Qudity of Service (QoS) and Congestion Management; and (3) Industry
structure.

Firg, the upfront cogt of acquiring a spectrum license represents a substantia
share of the capitd cods of deploying 3G services. This cost is not faced by WiF which
uses the shared 2.5Ghz unlicensed, shared spectrum. The cost of a spectrum license
represents a substantia entry barrier that makes it less likdy that 3G services (or other
sarvices requiring licensed spectrum) could emerge in a decentralized fashion. Of course,
with incressed flexibility in spectrum licenang rules and with the emergence of
secondary markets that are being facilitated by these rules, it is possble that the upfront
cogts of obtaining a spectrum license could be shared to alow decentrdized infrastructure
deployment to proceed. Under the traditiond licenang approach, the licenang of the
gpectrum, the congruction of the network infrastructure, and the management/operation
of the sarvice were dl undetaken by a sngle firm. Moreover, rigid licenang rules
(motivated in part by interference concerns, but aso in part, by interest group politics®)
limited the &bility of gpectrum license holders to flexibly innovate with respect to the
technologies used, the services offered, or their mode of operation. In the face of repid
technicd progress, changing supply and demand dynamics, this lack of flexibility
increesed the cogs and reduced the efficiency of spectrum utilization. High vaue
gpectrum trapped in low vaue uses could not be readily redeployed. With the emergence
of secondary markets, it would be possible for spectrum brokers to emerge or service
integrators that could help didribute the spectrum cost to enable decentrdized
infrastructure investment for licensed spectrum.

Second, while licensed spectrum is expensve, it does have the advantage of
fadlitating QoS management. With licensed spectrum, the licensee is protected from
interference from other service providers. This means that the licensee can enforce
centralized dlocation of scarce frequencies to adopt the congestion management strategy
that is most appropriate. In contrast, the unlicensed spectrum used by WiF imposes drict
power limits on usars (i.e., responghility not to interfere with other users) and forces
users to accept interference from others. This makes it easer for a 3G provider to market
a sarvice with a predictable level of service and to support delay-sengtive services such
as red-time telephony. In contrast, while a WiF network can address the problem of
congestion associated with users on the WiF network, it cannot control potentia
interference from other WiF service providers or other RF sources that are sharing the
unlicensed spectrum (both of which will appear as eevated background noise). This
represents a serious challenge to supporting delay-sendtive sarvices and to  scding
savice in the face of increesng competition from multiple and overlgoping multiple
sarvice providers. A number of researchers have darted thinking about how to facilitate
more efficient resource alocation of unlicensed spectrum, including research on possble
protocols that would enable QoS to be managed more effectively.

3 Cite to Hazlett on Coase and Spectrum management paper.

4 Citeto Pehaet al.
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Third, the different spectrum regimes have direct implications for indusry
dructure. For example, the FreeNet movement is not easlly conceivable in the 3G world
of licensad spectrum. Alternaiively, it seems that the current licenang regime favors
incumbency and, because it raises entry bariers, may make wirdess-fadlities-based
competition less feasible®

C. Status of technology development different.

The two technologies differ with respect to their stage of deveopment in a
number of ways. These are discussed in the following subsections.

1. Deployment Status

While 3G licenses have been awarded in a number of markets at a cost of hillions
of ddlars to the licensees, we have seen only limited progress with respect to service
deployment. Indeed, many of the licensees have seen ther maket vaues drop
precipitoudy as a consequence of the high costs of obtaining the licenses, increased cost
of deployment expectations, and diminished prospects for short-term revenue. The cost of
obtaining the licenses contributed to the worldwide dump in the globd
telecommunications sector.®

In contrast, we have a huge indaled base of WiF networking equipment that is
growing rapidly as WiF vendors have geared up to push wirdess home networks using
the technology. The large ingalled base of WiF provides subgtantid learning, scde, and
scope economies to both the vendor community and end-users. The commoditization of
WiF equipment has subdantidly lowered prices and smplified the inddlaion and
management of WiF networks, making it feasble for nontechnicd home users to sdf-
ingall these networks. However, athough there a large ingtdled base of WiF equipment,
there has been only limited progess in deveoping the business modes and necessary
technicd and busness infrastructure to support didributed serving provisoning. In
addition, many of the pioneers in offering wireless access services such as Mobilstar and
Metricom went bankrupt in 2001 as a consequence of the generd downturn in the
telecom sector and the drying up of capita for infrastructure investmen.

2. Embedded Support for Services

Another important difference between 3G and WiFi is their embedded support for
voice sarvices. 3G was expresdy designed as an upgrade technology for wireless voice
telephony networks, so voice sarvices are an intrindc part of 3G. In contrast, WiFi

® The flip side of this is that a licensing regime that creates entry barriers may make the benefits of
deploying wireless infrastructure more appropriable which would encourage investment in these services.
This, in turn, may increase the likelihood that wireless will offer effective competition to wireline services.

® Which seems especially ironic since auction fees are destined for general government revenues, while at
the same time, governments everywhere are trying to stimulate investment in communications
infrastructure. The spectrum fees represent a general tax on the telecom sector that is depressing investment
incentives.

Page 11 of 18



3G vs. WiFi Lehr & McKnight

provides a lower layer data communications service that can be used as the subgtrate on
which to layer services such as voice teephony. For example, with IP running over WiH
it is posshle to support Voice-over-1P telephony. However, there is dill great market
uncertainty as to how voice sarvices would be implemented and quaity assured over
WLAN networks.

Another potential advantage of 3G over WiFi is that 3G offers better support for
secure/private communications than does WiH. However, this diginction may be more
goparent than red. Firs, we have only limited operationd experience with how secure
3G communications are. Hackers are very ingenious and once 3G systems are operating,
we may find holes that we were not previoudy aware of. Second, the security lapses of
WiF have dtracted quite a bit of attention and substantial resources are being devoted to
clodng this gap. Although wirdess communications may pose higher risks to privacy
(e.g., follonrme anywhere tracking capabilities) and security (i.e., passve monitoring of
RF transmissons is easer) than do wirdine networks, we do not believe that this is likdy
to be along-term differentiating factor between 3G and WiFi technologies.

3. Standardization

It is dso possible to compare the two technologies with respect to the extent to
which they are standardized. Broadly, it appears that the forma standards picture for 3G
is perhaps more clear than for WLAN. For 3G, there is a rdaivey smdl family of
internationally sanctioned standardss. WCDMA, CDMA 2000, and UMTS. However,
there is dill uncertainty as to which of these (or even if multiple ones) will be sdected by
sarvice providers. In contrast, WiFi is one of the family of continuoudy evolving 802.11x
wirdess Ethernet standards, which is itsdf one of many WLAN technologies that are
under development. Although it appears that WiF is emerging as the market winner,
there is dill a subgtantid base of HomeRF and other open standard and proprietary
technologies that are indalled and continue to be sold to support WLANSs. Thus, it may
gppear that the standards picture for WLANS is less clear than for 3G, but the market
pressure to sdect the 802.11x family of technologies gppears much less ambiguous — at
least today.”

Because ubiquitous WLAN access coverage would be consgtructed from the
aggregation of many independent WLANS, there is perhaps a grester potentid for the
adoption of heterogeneous WLAN technologies than in the case of 3G. With 3G,
dthough competing service provide's may adopt heterogeneous and incompatible
versons of 3G, there is little risk thet there will be incompatibilities within a carriers own
3G network. Of course in the context of a mesh of WLANS, reliance on IP as the basic
trangport layer may reduce compatibility issues a the daa networking leve, dthough
these could be sgnificant a& the RF leve. Unless coordinated, this could be a sgnificant
impediment to redizing scae economies and network externdity benefits in a bottom-up,
decentralized deployment of WiF loca accessinfrastructure.

7 Co-existencelinterference issues of 802.11 with HomeRF, Bluetooth, discuss here?
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4. Service/Business Model

3G is more developed than WiF as a business and service modd. It represents an
extenson of the existing service provider industry to new services, and as such, does not
represent a radicad depature from underlying industry dructure. The key market
uncertainties and portions of the vduation that remain undeveloped are the upstream
equipment and gpplication/content supplier markets and ultimate consumer demand.

In contrast, WiF is more developed with respect to the upstream supplier
markets, a least with respect to WLAN equipment which has become commoditized.
Moreover, consumer demand — certanly business demand and increesingly residentid
broadband home user demand — for the WLAN equipment is dso well-established.
However, commercidization of WiF savices as an access savice is dill in its early
stages with the emergence of Boingo and others.

Of course, both 3G and WiF access face great supplier and demand uncertainty
with respect to what the next killer gpplications will be and how these services may be
used once arich sat of interactive, multimedia services become available.

There are dso some form factor issues that may impact the way these services
will be usad. Initidly, it seems likdy that the fird 3G end-user devices will be extensons
of the cedl phone while the fird WiF end-user devices are PCs. Of course, there are aso
3G PCMIA cards to alow the PC to be used as an interface device for PCs, and with the
evolution of Internet appliances (post-PC devices), we should expect to see new types of
devices connecting to both types of networks. However, for mobility, we should expect to
continue to see condraints on sSize and power requirements that will impose congraints
on the services tha are offered. Without an externd source of power, end-user devices
communicating with a 3G base dtation a a long distance but with reduced bandwidth or
communicating with a WiF base gation a a short distance but at a much higher data rate
will both consume batteries quickly. And, adding visud digolays and non-voice input
cagpabilities to small cell phones, or telephony capabilities to PCs will present form factor
challenges that will need to be addressed.

V. Some implicationsfor industry structure and public policy

In this section we consder some of the implications that emerge from the
preceding andyss, as wdl as offer some speculations on the possble implications for
industry structure, competition, and public policy.

A. WiFi isgood for competition

One implication that emerges from the above andyss is tha success of WiH
wirdess locd access dternatives is likely to be good for locd competition. Firdt, if only
3G aurvives, then it is less likdy that we will see non-verticaly-integrated, decentraized
sarvice provisoning. And, because of the higher entry costs associated with acquiring
licensed spectrum and the need to congtruct a geographicaly-larger network to begin
offering sarvice limit the number of firms that compete in the market. Of course this
does not mean that wireless access services would not be competitive — there may be
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more than enough competition among exising celular providers to preclude the exercise
of market power. However, there is dso the posshility that the few 3G providers will
become fewer 4ill through mergers, and when coupled to the market power of wirdine
loca exchange cariers, this could provide a powerful nexus for the continuation of
monopoly power in las mile fadlities. Obvioudy, the firms that have a potentid
opportunity to establish such market power — the cdlular providers and the locd
exchange cariers (that own a dgnificant share of the cdlular operators) — have a
powerful incentive to collude to establish monopoly control over mixed wirdess and
wirdine services

Second, if both 3G and WiF survive, then the diversty of viable networking
infragtructure strategies will be conducive to greeter facilities-based competition.

Third, success of the WiF sarvice modd could hdp unlock the subgtantid
invessment in private networking infragtructure that could be used as the bass for
condructing an dternative infrastructure to the PSTN and cable wirdline networks. As
noted above, this will require adding the necessary business functiondity and technica
support to enable base dation owners to hill for Wik service. Once this is developed, the
opportunity to creste novel new ways to leverage the exiding infragtructure investment
will be increased.

Fourth, if only the WiF service modd survives, then we would expect this to be
inherently more competitive because of the lower entry bariers for setting up loca
access sarvices. The use of unlicensed spectrum means that property rights over the
goectrum cannot be used to exclude potentia entrants, athough congestion — if not
appropriately managed — could be just as effective in limiting competition. However, at
the margin, the threat of competitive entry would limit the ability of any sngle or smdl
group of providers edtablishing bottleneck control over the last mile wirdess access
infrastructure.

Of course, since the WiF modd does depend on wirdine infragtructure to
connect to the Internet backbone, it is possble that wirdine carriers could effectively
leverage their control over wirdine access facilities to adversdy affect wirdess access
competition.

Fifth, the more flexible nature of the WiF modd means that it can seed a more
complex aray of potentid busness modes that could fue competition both a the retal
level in services and a the wholesde levd in dternative infrastructure. For example,
WiF could emerge as an extendon of FreeNets, transmogrified into user-subsidized
community networks, or via third party aggregators such as Boingo. These networks
could bein direct competition to 3G services.

Another dternative might be for WiF to be used as the last few hundred feet
access technology for dternative locd loop facilities (e.g., a munidpaly-owned fiber
network). In this mode, WiF could reduce the deployment costs of overbuilders. A more
gengdized verdon of this scenario is any form of subsdized deployment, where the
entity subgdizing cregtion of the WiF net might be a universty (campus nd), a
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government entity (municipal net), or a busness (enterprise net). The lower codts of
deploying wirdess as compared to inddling new wirdine cabling plant may make reduce
the adoption costs of such a draegy, thereby increasingly the likelihood of their
adoption.

B. WiFi and 3G can complement each other for a cellular provider

Yet ancother dternative might be for WiFi to be integrated into 3G type networks.
Actudly, this seems like the mogt likely scenario since there are compeling reasons for
why these two technologies may be used together.

Each of the technologies has distinct advantages over the other that would alow
each to offer higher quaity services under disparate conditions. Putting the two together
would alow a service provider to offer awider set of more valuable services.

The obvious adopter of such a drategy would be a cdlular firm snce it is eader
for 3G to adopt WiF and incorporate it into its networking drategy than for a WiH
facilities provider to go the other way. The reasons for this are severd. Fird, there is the
asymmetry in entry costs discussed earlier. Second, the natura ability of the 3G to
implement bundled service offerings will make them more likdy to be able to take
advantage of a more complex infragructure platform that will dlow them to offer
bundled services.

Integrating 3G and WiF networks provides the opportunity to offer both
ubiquitous coverage with good voice telephony support (dill the killer app for interactive
communication networks) while providing locd "hot spot” connectivity in high demand
aress (arports, hotds, coffee shops) or in areas where exising WiF facilities may be
opportunigticaly taken advantage of (mdls, multi-tenant office campuses). The hot spot
connectivity would be attractive to offset the capacity limitations of 3G. The 3G cdlular
billing axd widearea network management (e.g., homing, hend-off contradl,
authentication, resource alocation/management, etc.) capabilities could address some of
the shortfals that are limiting the capability of WiF to evolve into a plaform for mass
wireless access.

Adopting such a drategy would offer the cdlular provider the opportunity to tap
new service markets. For example, dlow scheduled high speed file transfers €.g., queue
emal with big attachments for downloading when opportunigicaly near WiF hot spot);
or, dlow more adgptive power management drategies (e.g., switch from WiF to 3G
service to conserve battery power with more graceful performance degradation, or visa
vearsa if externd power becomes available). These and other services could increase the
revenue opportunities available to the wireless service provider.

Additiordlly, adopting such a draiegy would be defensve. Co-opting the
competition is a well known drategy. If WiF succeeds, then 3G networks tha fal to
implement WiFrlike functiondity will lose savice revenues to WIiF  enadled
competitors.
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On the other hand, integrating WiFi into a 3G network may increase deployment
cods. The busness/service modd will be more complex and many adjustments will be
required within cdlular firms. When set agang the potentia revenue benefits, however,
these higher coordination/adjustment costs do not seem likely to be overly subgtantia.

C. Spectrum Policy is Key

Obvioudy, spectrum policy has dready had and will continue to have a critica
role to play in how our wirdess future evolves. One of the key didinguishing features
between 3G and WiFi isthe use of licensed versus unlicensed spectrum.

Continued progress towards creating secondary spectrum markets will - benefit
both 3G and WiF modds. For 3G, secondary markets would adlow more flexible
management of property rights. Secondary markets would alow spectrum to be
redlocated more flexibly to higher vaue uses and could improve dynamic efficiency. For
example, to balance localized supply and demand mismatches.

For WiFi, the emergence of spectrum markets may make it possible to adopt a
suitable mechanism for addressng congestion issues. Of course, if implemented in the
unlicensed band where WIiF currently operates, this would require additiond policy
changes to implement a market-based resource dlocation process. The appropriate
protocols and inditutional framework for supporting such a market is an interesting topic
for research. It may be easder to implement such a mechanism in a WLAN technology
that could operate in alicensed band where there are clear property rights.

D. Success of WiFi is potentially good for multimedia content

Multimedia content benefits from higher bandwidth services so the ability to
support higher speed wireless access may help encourage the development of broadband
multimedia content.

On the other hand, the lack of a clear busness model for deploying broadband
sarvices over a Wi network may raise concerns for how content would be pad for
andlor digitd rights management issues. The digitd rights management issues ae
perhaps more difficult to control (from a content provider's perspective) in a more
decentrdized, end-user centric environment than in a centrdized service provider
network (i.e., contrast Napster to AOL). The verticd integration modd of 3G may offer
greater control which might actualy encourage more content production.

This is a complex question that merits additiond thought. It is premature to post
which of the two effects are likely to be larger.

E. Technical Progress Favors Heterogeneous Future

Technicd progress in wirdess sarvices favors a heterogeneous wireless future.
There are severd reasons for this. Firg, with each technology, the rapid pace of
innovation means that multiple generations of eaech technology co-exigt in the network a
the same time. Coupled to this heterogeneity, there is the on-going competition among
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dternative wirdess technologies. All of these share common benefits so to a certan
extent, dl benefit from advances in basic dements such as modulation techniques, smart
antenna desgn, power management and battery technology, and signd processng
technology. However, because the different technologies have asymmetric problems,
badc advances affect them differently. This means that in the ongoing horse race
different technologies are boosted &t different times.

Once the world accepts the need to coordinate heterogeneous technologies, the
capabilities to manage these environments evolve. For example, the success of the IP
suite of protocols rests in lage pat in ther &bility to support interoperable
communications across  heterogeneous  physcd and  network  infrastructures.
Andogoudy, devdopments in wirdess technology will favor the coexigence of
heterogeneous wireless access technologies.

One of the more important developments will be Sftware Defined Radio (SDR).
SDR does a number of important things. Firdt, it makes it easer to support multiple
wirdess technologies on a common hardware platform. Second, it makes upgrades easer
and more flexible to implement Snce it subditutes software for hardware upgrades.
Third, it facilitates new and more complex interference management techniques. These
are useful for increasing the utilization of gpectrum.

The implication of dl this for WiF-like drategies appears clear. It improves the
likdihood that WiF will emerge as a viable modd. This is further enhanced because the
success of WiF will, perforce, require additiond technical progress to resolve some of
the issues dready discussed (e.g., security, QoS management, service hilling). The
implications for 3G are perhaps somewhat less clear. The 3G approach is Smilar to other
telecommunication standards approaches (e.g., ISDN, ATM, etc.): it is mogt successful
when it is monalithic. The centrdized, top-down approach to network deployment is
more vulnerable and less adaptive to decentraized and independent innovations.

V1. Conclusons

This paper offers a quditative comparison of two wireess technologies that could
be viewed smultaneoudy as subgitute and complementary peaths for evolving to a
broadband wirdless access. The two technologies, 3G, which is the preferred upgrade
path for cdlular providers, and WiFi, one of the many WLAN technologies that offers an
dternative platform for providing wireless access.

The god of the andyss is to explore two divergent world views for the future of
wirdess access and to speculate on the likely success and possible interactions between
the two technologies in the future.

While the andydss rases more quedions than it answers, severd preiminary
conclusions gppear warranted. First, both technologies are likely to succeed in the
marketplace. This means that the wirdess future will include heterogeneous access
technologies so equipment manufecturers, service providers, end-users, and policy
makers should not expect to see a smple wirdess future.
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Second, we expect 3G cdlular providers to integrate WiF technology into their
networks. Thus, we expect these technologies to be complementary in their most
successful mass market deployments.

Third, we aso expect WiF to offer competition to 3G providers because of the
lower entry costs associated with establishing WiF networks. This may take the form of
new types of service providers (e.g., Boingo) or in end-user organized networks (e.g.,
FreeNet aggregation or municipd networking). The threst of such WiF compstition is
beneficid to prospects for the future of last mile competition, and will dso encourage the
adoption of WiF technology by 3G providers as a defensive response.

Our andyss dso suggested a number of areas where further thought and research
would be beneficid. These include the obvious questions of how to integrate 3G and
WiF networks or how to add the appropriate billing/resource negotiation infrastructure to
WiH to dlow it to become a wide-area service provider platform. These aso include
severd more remote questions such as which style of technology/business gpproach is
favored by the rgpid pace of wirdess technology innovation or which is more likey to
favor the development of complementary assets such as broadband content.
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