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Introduction

The confluence of two forces, the globalization of business and
the networking of information technology, has <created the
I nternet economny. The Internet econony drives an econonic shift
that will have a nore profound inpact than the Industria
Revol ution. The Internet has changed the way people work, Ilive,
learn, and play—connecting everyone to everything. It has
created new opportunities for businesses, countries, and people
by leveling the playing field. The Internet econony is redefining
how peopl e do busi ness, conmuni cate, shop, and | earn. Just as the
I ndustri al Revol ution changed the fortunes of busi nesses,
countries, and people, the Internet will do Iikew se.

Technol ogy and business drive the Internet econony. Technol ogy
drivers include the integration of voice, data, and video on a
single network as traditional voice and video services converge.
I nternet technology has becone mainstream and is a requirenment
for conpanies interested in conpeting in the global business
worl d. Access to infornmation enpowers enployees, custoners, and
busi ness partners not only to work nore effectively, but also to
make deci sions using tinely, up-to-date information

The Internet and the need to remain conpetitive lead the drive

toward consolidation of financial, retail, and manufacturing
mar kets. The Internet will help forge alliances between conpani es
and countries looking to stay conpetitive. The way conpani es and
i ndividuals use Internet technology will determ ne the w nners

and | osers. John Chanbers, the chief executive officer of Ci sco
Systens | ncorporated, expects electronic comerce (e-comerce) to
account for nore than a trillion dollars by the year 2000, up
significantly fromthe 48 billion dollars in 1998.

The World Wde Wb (WMWY and the Internet have permanently
changed the face of retail, from financing and insurance to
clothing. Not only have they changed the face of e-conmerce, but
they also have given birth to a new term nology and a new way of
categorizing change and tinme. Conpanies that are able to nove

rapidly are said to operate on Internet tinme. Internet tine
refers to any rapid novenents or events. Commerce Secretary
Wlliam Daley put it best when he said, “ For any business, |arge
or small, not to have an e-commerce strategy is a big mistake

Let's face it, consuners are hungry for it.”

As the Internet <continues to explode, demand for greater
bandwi dth and faster connection speeds has led to several
t echnol ogi cal approaches devel oped to provide broadband access to
all consuners. The growth of the Internet also has led to a host
of new business applications. The Future of Digital Subscriber
Line Technology: Business Drivers, Strategies, and Mrkets
exam nes the forces driving the rapid growth of broadband and
hi gh-speed access to U S. hones and businesses via wreline
net wor ks.



The Internet has revolutionized many snall and nidsized
busi nesses; technol ogy has made geography |ess inportant than in
the past. As a result, many snall businesses operate from hone
offices or small branch offices. These conpanies can inprove
perfornmance and provide a higher quality of life for their
enpl oyees by providing them with an office location near their
hones, or, in sone cases, in a roomin their homes. As long as
enpl oyees have access to their corporate local-area network
(LAN), the Internet, and other conmunications tools, they do not
need to be at a headquarters.

The Future of Digital Subscriber Line Technology: Business
Drivers, Strategies, and Mirkets analyzes the current state of

digital subscriber Iline (DSL) deploynent by telecom service
providers. It analyzes the rollout strategies and market
positions of vendors and suppliers and provides definitions of
the key ternms, including all DSL variants. Lastly, the report

profiles the major DSL vendors and suppliers.

This report targets senior business managers and strategists in
tel ecom conpani es who seek to conpete in the broadband and hi gh-
speed access market.

DSL is a nodem or nodem pair that uses a specific access
technology to transnit and receive information at high speed over
the LAN. DSL technol ogy allows service providers to offer higher-
speed access over existing copper wires and relieves bandw dth
congestion in the local |oop

The DSL narket has undergone a conpl ete makeover. There are ei ght
variants of DSL, and it seens that every year another variant is
invented. Sonme DSL variants are asymetric, while others are
symmetric. Although the asymetric digital subscriber Iine (ADSL)
variant was invented for video, today another DSL variant—very-
hi gh-speed digital subscri ber line (VDSL)—is used for
transnmitting video over copper wres. Video-on-denmand (VOD) has
nmostly fallen by the wayside as the personal computer (PC) rather
than the television has becone the main driver for DSL access.
Consuners are clanoring for services that can provide high-speed
access to the Internet and to applications on their corporate
net wor ks.

DSL Technol ogy Rat e Di stance
ADSL 1.5 Mops to 7 Mops 12,000 ft. to 18,000
ft.
ADSL Lite 384 kbps to 1.5 Mps |12,000 ft. to 18,000
downstream ft.
384 kbps to 512 kbps
upst r eam
HDSL 1 M 12,000 ft. to 18,000
ft.
HDSL 2 3 Mops 24,000 ft.
| DSL Up to 144 kbps 18,000 ft. to 24, 000
ft.
RADSL 40 kbps to 7 Mps |12,000 ft. to 18,000
downstream ft.




Up to 768 kbps

upst ream
SDSL 128 kbps to 1.5 Mops 12,000 ft.
VDSL 12.96 Mops to 52 Mops | 1,000 ft.

downst ream

Figurel: Rates and Distances for Various DSL Technol ogi es

Applications driving the demand for broadband access include
Internet tel ephony, real audio and real video, nulticasting, and
vi deoconferencing using NetMeeting or simlar products. Consuner
applications that drive the broadband nmarket are significantly
different from business applications. Consuner applications are
e-mai |, electronic stock brokerage, financial services, consumer
travel, on-line shopping/e-comerce, streanming audio and video
interactive TV and entertainnment, ganbling, and Internet and
video telephony. For small offices hone offices (SOHO, snal
busi nesses, and m dsized businesses, these drivers are not as
important. What is nore inportant is e-mail, Dbusiness travel,
financial services, e-commerce, access to research, streanng
audi o/ video, Internet and video telephony, and access to the
conmpany LAN or intranet. Many consuner and busi ness applications
are sinmlar but used differently, and thus, the explanations of
the applications are simlar.

This report wll discuss the consunmer and business applications
driving the market. Additionally, content also drives demand for
consuner and busi ness broadband access.

Potentially, DSL can enable carriers to turn 70 percent of their
800 mllion niles of enbedded copper cable networks into high-
speed data highways for a snall additional investnment. However,
until recently, the incunbent |ocal-exchange carriers (ILECs)
have chosen, either because of regulatory issues or a fear of
cannibalizing their T-1 sales, not to deploy DSL. The
Tel ecomuni cati ons Act of 1996 served as a catal yst in noving DSL
technology fromthe sidelines into the frontlines. The Act opened
the tel ecom market and all owed new entrants to gain access to the
central office (CO and Ilocal Iloops of the |ILECs. Data-
conpetitive |local-exchange <carriers (CLECs) such as Covad
Comuni cati ons Conpany capitalized on this opportunity and were
one of the first to bring Ilower-priced DSL service to
telecomuters and small and m dsized conpani es.

However, it was not wuntil the conputer and consuner-equi pnent
manuf acturers convinced the ILECs to resolve some of the
lingering problems with DSL and cable operators began depl oyi ng
cable nodens in the residential consumer market that | owpriced
DSL access becane a real possibility. At least five key
i ngredients are necessary for DSL technol ogy and deploynents to
becone wi dely deployed in the consunmer and business markets. This

report will discuss these critical itens and explain why they are
key to the success of DSL. The five ingredients are as follows:
regul atory issues; state of the local |[|oop; standards and

interoperability issues; marketing tactics and strategies of
| LECs, CLECs, and Internet service providers (ISPs); and systens-
integration issues. For DSL to be successful, it must not only




nmeet the expectations generated by its marketers, but it also
nmust be easy to install and guarantee service quality.

O herwi se, the advantages it offers (high-speed access, |ow cost,
access to conmpany LANs and other applications that require higher
bandwi dth) wll be reduced substantially. Small and nidsized
busi nesses are unlikely to use the service for their mssion-
critical applications without service guarantees.

Al t hough establishing standards is critical to a successful DSL
depl oynent, technology is noving nmuch faster than standards
bodi es and governnment regulators can handle. As a result, few DSL
technol ogi es have been granted official status. As such, no
interoperability tests have been performed, and it is not knhown
if DSL technol ogies will be spectrally conpatible with other DSL
variants or technol ogi es, or if DSL equiprment will be
i nteroperable with equi prent from other vendors. Al so, regul ators
have been slow in updating regulations to take into account new
t echnol ogi es.

The Federal Communications Comrission (FCC) defined broadband
access as having the capability of supporting downstream and
upstream speeds of 200 kbps or nore. The FCC chose the 200 kbps
speed because it felt that this speed would be sufficient for
consuners wanting higher-speed access to the Internet. This
definition does not include one-way high-speed access, such as
that delivered by sone cable operators, satellite operators, or
Wi rel ess providers.

Suppliers or vendors of cable or DSL wote nost of the nmateria
about DSL; hence, the material is not without bias. This report
will change this by providing a nore conplete analysis of DSL
technology as well as an analysis of various business strategies
and depl oynents. Research shows that consunmers will be ecstatic
about the technology. However, little information exists to
document user satisfaction, and the information that does exist
is anecdotal in nature.

DSL deploynments are primarily in the business narket and are
targeted specifically to snall and midsized businesses, SOHO
custoners, and telewirkers. This niche likely wll prove
successful because it is price elastic. But for DSL to becone a
mass- mar ket product, as nost suppliers hope, it nust be easily
instal | abl e and cannot becone conmodi ti zed. O herw se,
residential DSL suppliers wll not be able to obtain the
necessary revenue to cover their costs.

I ndustry analysts are split about which technology will be the
wi nner, and thus the forecasts vary greatly. However, one clear
trend enmerges. Unless telcos begin to market their DSL service
aggressively to the mass narket, they are in danger of being |eft
behi nd. Cabl e operators have taken an early |lead and are w nning
the access race. Telcos are about a year behind in marketing this
service. Deals such as the @onme $6.7 billion purchase of Excite
in January 1999 drive home this point.



1999 will be a big year for DSL deployments, with significantly
hi gher DSL deploynents in the business and consunmer narkets.

However, an industry panel convened by the International
Engi neering Consortium (IEC) for this report thought that DSL
woul d not beconme widely deployed until 2001, wth many panel

menbers thinking it would take until 2003.

Data CLECs and |SPs appear to have a solid hold on the small-
busi ness/ SOHO t el ewor ker market, and it |ooks as if they wll
keep this edge. Their strategy is first to target the small-
busi ness/ SOHO' t el eworker market. After gaining a certain anount
of business customers, these conpanies began to target the
residential narket. Covad began to target the residential narket
in April 1999, nore than a year after targeting the business
market. The only conpanies that can challenge CLECs for the
smal | -busi ness and tel eworker narket are the |ILECs, which seemto
be ignoring the business market for regulatory reasons and fear
of cannibalizing their T-1 revenue stream Data CLECs will
continue to grow rapidly until they cover the entire business and
consuner nmarkets in the United States. |1SPs al so are working hard
to capture a large percentage of this market. My |SPs are
working in concert with data CLECs and ILECs to gain a |arger
share of the DSL market. |SPs represent the best chance consuners

will have for conpetition in the DSL market.

In the business narket, DSL will be the chosen technology, as it
is unlikely that businesses wll choose cable operators to
provide service. Wreless technologies will have an easier tine

conpeting where there is no cable infrastructure, such as
business districts or where the telephone network has not been
upgraded to support DSL. Conpetition for wreless broadband
servi ces depends on the cost of these services. Al though cost is
a factor in all scenarios, it is much nore a factor in wreless
than in others. Fixed wreless operators, such as Teligent and
Wnstar, are launching data offerings for SOHOs and small and
m dsi zed businesses and could pose a threat to DSL in the next
few years. Currently, there is no successful deploynment of
wireless services for broadband access that can indicate what
users are willing to pay. However, any estimate for broadband
access and for the percentages that DSL and fixed wireless wll
have nust be based on factors such as geographic region, cost,
and popul ation density. After analyzing these factors, it can be
determ ned which technol ogy will be nobst successful.

W despread installation of DSL has been inpeded by physical
constraints of the local loop (nunber of load coils and bridge
taps and distance fromthe CO), interoperability problens between
products, and spectral conpatibility issues. The need for
software inprovenents and DSL standards, especially a DSL Lite
standard, also has hindered the spread of DSL. The busi ness case

for DSL depends greatly on how it will be used and who wll use
it. The type of consuner purchasing DSL al so determ nes the price
and the type of access. Business cases for DSL fall into four

categories: renote access to a corporate LAN, hi gh- speed
broadband access by residential or business users; high-speed



access needs of the hospitality or canpus environnments; and,
lastly, the creation of home networks (i.e., home-based LANs).

An excellent business case can be nmde for consunmer and
tel ecommuter access to corporate LANs and high-speed |nternet
access. However, developing, |launching, and narketing a DSL
service is a conplex process involving business strategy,
mar keti ng, engineering, outside plant, and operational systens.
Conpani es nust address each of these elenents before conmencing
operati on.

Denmand for bandwidth has led to several technol ogical approaches
devel oped to provi de broadband access to business and residential
custoners. DSL is not the only path to achieving high-speed
br oadband access. Several conpeting technol ogies such as cable
wireless, and satellite, are trying to achieve the sanme goal
This report will exam ne the market strategi es and depl oynent of
these alternative services. A though DSL has numnerous advantages,
ot her nmeans of obtaining high-speed access may be preferable. The
conpeting technologies that wll be discussed include cable
nodens, broadband satellites, and wreless. Three new wreless
technol ogi es are beginning to challenge traditional wreline and
cable for the data market: local nultipoint distribution systens
(LMDS), nmultipoint-multichannel distribution service (MVDS), and
digital electronic nessage service (DEMS) (24CGHz).

Market Drivers: Current Demand for Broadband-Access Technologies

Br oadband Market Size

Many variables go into determining the size of the broadband
mar ket. Sone groups | ook toward the nunmber of PCs purchased and
extrapolate from there, while others look to the nunber of
Internet or on-line users. Additionally, nany organizations have
adopted different nethodologies for determining the size of the
mar ket for hi gh-speed access.

PC Omwners

According to the Department of Conmerce, nore than 45 percent of
U.S. households own a PC. This penetration continues to rise as
PC prices drop. According to the Wall Street Journal, conputer
manuf acturers expect PC sales to grow an additional 17 percent in
1999, continuing their record growh

More than 31 mllion Americans, or about 25 percent of US.
households, own nore than one PC. The nunber of rmulti-PC
households is increasing rapidly, by nore than 30 percent
annually, with |arge nunbers of famlies purchasing PCs first for
their children and then for thenselves. As a result, the nunber
of multi-PC hones is growing faster than the nunber of single-PC
hones. This percentage, along with the percentage of people who
are on-line today, about 35 percent, illustrates the nagnitude of
the potential narket for high-speed access. Following these
estimates and the rising growh rate for Internet subscribers, by
2002 close to 50 percent of all households will have Internet
access, with about 20 percent of these households owning nore



than one PC. The increasing nunber of rmulti-PC households will be
a maj or driver for broadband access.

The falling prices of PCs have resulted in nore consuners making
a first-tinme purchase or purchasing a second or third conputer.
The market for the sub-$1,000 PC remamins extremely strong: 35
percent to 40 percent of all U S retail sales for the fourth
quarter of 1997 went to this segnment. 1In 1998, this nunber
increased to 45 percent before leveling out. In January 1998,
Conpaq and Hew ett-Packard announced prices below $800 for PCs,
and in the sumer of 1998, prices fell again. Prices today are
continuing to fall as another sem conductor price war appears to
be breaking out between Intel and AWVD. According to the Wall
Street Journal, conputer systens from conpanies such as |BM can
be purchased for as |ow as $599, and a South Korean joint venture
has announced conputer systens for below $500. However, these
systens are often last year’'s technology (Wall Street Journal
11/4/98). Most consunmers would rather spend nore noney and get
nmore up-to-date features. As a result, PC prices appear to be
stabilizing at around $1, 130.

In 1997, a conpletely different picture was seen as manufacturers
raced to see who could nake a system priced below $1,000, and
buyers were purchasing these systens alnbst as fast as they were
produced. This rapid explosion in the nunber of interested buyers
for lowpriced systens forced retailers and manufacturers to cut
costs and trim inventories. As a result, nmanufacturers and
retailers began to find creative ways of steering consuners to
hi gher-priced machines (i.e., nore profitable), by bundling
di fferent hardware and software with the machine.

In late 1998, many conputer manufacturers decided to adopt a
direct-sales approach and began nmarketing their conputers by
direct mail and through their Wb sites. Dell has been extrenely
successful in this approach and, as a result, has been copied by

all the nmajor manufacturers, including Conpag and Hewett-
Packar d. Selling directly to the consuner bypasses the
traditional retail channels that conputer mnmanufacturers had

est abl i shed.

1999 brought another change in nmarketing, as aggressive
distributors such as Ingram Mcro Incorporated (IM, which had
purchased mnority stakes in on-line nerchants, began to use
these nerchants to sell their goods. Ingram Mcro's ally,
Buy.com directly targets consuners with products that are often
below cost. Oher on-line nerchants are following the |ead,
resulting in cheaper conputers. OnSale, which in the past sold
secondhand conputers, has recently signed an agreenent with Tech
Data to sell new PCs and accessories at whol esale prices. OnSal e
is ganbling that fees for service contracts, |eases, handling
charges, and advertising will allowit to cover its costs. OnSal e
will take orders for PCs and arrange for billing, while Tech Data
will ship the products from warehouses in at |east four states.
The conpany expects to sell nore than 31,000 new products at
si zeabl e discounts from the nmanufacturers’ list prices. OnSale’'s



goal is to cut out the middleman and give consunmers a better
deal .

The nunber one reason why PC purchases increased in 1998 is the
demand for Internet and on-line access. Conputer nanufacturers
are predicting that the PC market will continue to grow rapidly
in 1999 and expect the average growh rate to be as high as 17
percent, as demand for Internet access continues to grow. These
manuf acturers are doi ng everything they can to convince consuners
to purchase newer PCs. Many nmajor nanufacturers have joined with
tel ephone and cable conpanies to pronote broadband access. They
have even joined these groups in |obbying before the Federal
Conmuni cations Conmission (FCC) for regulatory relief for
regional Bell operating conpanies (RBOCs). Broadband access will
spur consuners to purchase newer PCs that have universal serial
bus (USB) connectors, DSL, or built-in cabl e nodens.
Additional ly, sone nmanufacturers have joined with the Home PNA
and ot her home-networking alliances to pronote their cause. This
coordination with conpani es outside the industry is geared toward
convi ncing consuners that they nust purchase newer PCs sooner
t han pl anned.

The proliferation of alternative technology, such as WbTV and
Wrl dGate Incorporated, has introduced families without PCs to
the Internet. As consuners get nore famliar with the Internet,
they will spend nore tinme on it. Consequently, they will begin to
demand hi gher access speeds either through cable nodens or DSL.

I nternet Users

According to Banc Boston Robertson Stephens, there are 83 million
Web users worldwide, the majority of which are in the United
States. They also estimate that nore than 300 million people use
PCs at work; thus the potential population of on-line users could
junp significantly if these users were on-line. Banc Boston

Robertson Stephens estimates that Wb use will grow by 25 million
users each year, and in the year 2000, there will be 131 mllion
Wb  users. However, I nt ernati onal Data Corporation (1DQ)
estimates that the number of sub-scribers will actually be nuch

hi gher, nore than 200 nmillion, for a growh rate of 36 percent.
IDC al so estimates that the nunber of hone-office households will
have a conbi ned average growth rate of 9.3 percent, increasing
from approximately 35 mllion at the end of 1997 to approxi mately
50 million by the end of 2002. Qher estimates for the size of
the Internet include 70.5 mllion by N elson/ConmerceNet, 67.1
mllion by Intelliquest, and 56.9 mllion by Media Metrix.

On-1ine audi ence Si zes conti nue to grow dramatically,
particularly with the help of broadband and e-mail access at hone
and work. According to a 1998 study by the Departnent of
Commerce, 100 million people logged onto the Internet in 1997, up
from40 mllion people in 1996. Moreover, these figures continue
to clinb. Traffic on the Internet has doubled every 100 days, and
Wb use appears to grow at a rate of 10 mllion people per
quarter. Jupiter Comunications, a technology consulting firm
projects that 70 percent of all Anmerican households with PCs and
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nodens will be on-line by the year 2000. Today, only 35 percent
of the popul ation are on-Iline.

Since 1995, the nunber of conmmercial donain nanmes (Wb addresses
that end in .com has risen dramatically, from 27,000 to 764, 000
at the end of 1997 and to 12.1 mllion at the end of 1998. The
nunber of Wb sites also has exploded. There were 130 sites in
June 1993, 2,738 in June 1994, 23,500 in June 1995, nore than 2.5
mllion in June 1998, and 43.2 mllion in January 1999.

In the past, each Internet host represented one conputer. In
1997, however, the definition of hosts changed to reflect
prevailing use of Internet host conputers. Today it is comon for
a single conputer to act as nany hosts, with many names and nany
addresses. Network W zards, the conpany that tracks the nunber of
Internet hosts, stated that it becane inpossible to determine the
exact size of the Internet by counting the nunber of conputers
acting as hosts and revised its counting nethodol ogy. The nunber
of hosts as of January 1999 is 43.2 million

Internet traffic data has shown a simlar explosion and has
doubl ed every three nonths. Bandw dth consunption and growth has
been gai ned al nost exclusively by addi ng new users and by current
users using the Internet and the Wb nore. Mreover, according to
Tel egeography, corporate customers (who accounted for about half
of all wusers) generated 0.4 Mips of traffic during peak use in
1996, but 1.7 Mops in 1998. Internet use will increase as drivers
such as video-, nusic-, and network-based applications begin to
represent a nuch | arger percentage of future uses.

Most significant, the Internet growh rate is faster than that of
television and radi o when they were introduced. According to the
Departnent of Commerce, television took 13 years to reach 50
mllion users, while radio took 38 years. The Internet reached 50
mllion users in only four years. Analysts from Robertson
St ephens expect the Wb’'s audience to double from 83 mllion
people in 1998 to nore than 130 mllion by the year 2000. This is

conpared with a total of 30 nmillion users in 1996 and 57 mllion
in 1997. This market expansion is driving dramatic increases in
conmputer purchases as well as software and related hardware,
(e.g., digital video disc (DVD) players, digital cameras, new

storage facilities, advanced conpact-disc (CD) equipnent, and
communi cati ons servi ces).

O her Access Users

Additionally, many new digital appliances that wll exploit
communi cati ons of voice, video, and data across digital networks
are on the horizon. Mchael O Dell of UUNet believes that silicon
cockr oaches, al ways-on devices such as nobile telephones,
personal digital assistants, DSL and other broadband services,
and any future multipurpose devices wll be key drivers for
bandwi dth. Applications such as shopping robots, or bots, are
gai ning nmass-nmarket popularity. These devices require constant
connectivity, and wusers are increasingly turning to them to
assist them in their l|ives. The demand for bandwidth wll
increase as new consuner electronic devices are introduced.
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I ncreasingly, consunmer electronic manufacturers are installing
silicon chips into all new consuner appliances. These appliances
can be linked in a network or draw data renotely through wrel ess
means to comrunicate wth databases or other electronic
conponent s. Society has gone gadget «crazy, and consuner
manuf acturers are feeding this frenzy. As nore appliances have
the capability of networking or |IP access, and as consunmers are
increasingly turning to such devices to surf the Wb or receive-
mai |, denmand for always-on Internet access increases.

Forecasts for Broadband Access: Consumer and Business

Consuner

Denmand for high-speed access to the Internet is growing |arger
and larger. In many parts of the country, there is a war going on
bet ween the cable operators and the telcos to determ ne who will
be the high-speed access provider of choice to the millions of
on-line users. Controlling the Iine to the honme will enable the
service provider to offer a host of val ue-added services as well
as basic services such as telephony. It is clear that the cable
operators’ nmain purpose in providing high-speed broadband access
to the hone is for Internet and other data applications; however,
the infrastructure they have built and installed can easily be
used for voice applications such as tel ephony.

Anal ysts are split regarding which technology will be the w nner,
and thus the forecasts vary greatly. However, one clear trend
energes: unless telcos begin to market their DSL service
aggressively to the mass market, they are in danger of being |eft
behi nd. Cabl e operators have taken an early lead and are wi nning
the access race. Already telcos are about a year behind in
marketing this service. Deals such as the @one $6.7 billion
purchase of Excite in January 1999 drive honme this point even
nor e.

1999 will be a big year for DSL deploynents, with significantly
hi gher DSL depl oynents both in the business and in the consuner
market. An industry panel convened by IEC for this report,
however, thought that DSL woul d not beconme wi dely deployed until
sonmetinme in 2001, with nany panel nenbers thinking it would take
until 2003 before DSL becones wi dely depl oyed.

According to Salonon Smith Barney, consuner versions of DSL are
far behind where they should be in terns of commercial
depl oynent, relative to other conpeting technologies. DSL is
behi nd ot her technol ogi es because conpanies have not focused on
depl oynent issues; rather, they have devoted their energies to
debating standards, discussing technical problens with DSL, and
fighting the FCC and other conpanies for access to their CGCs.
However, the lack of progress on any sort of standardization of
DSL nodens and equi pnent is probably the nbst critical reason why
commercial deploynents are behind schedule. Concerns about
regulation continue to delay regional Bell operating conpanies
(RBOC) data initiatives. For a detailed explanation and overview
of these issues, please see the regulatory chapter of the report.
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Traditionally, cable service has been regul ated and delivered as
an integrated video, information, content, and conduit service

Cabl e operators are not subject to interconnection or facilities’
unbundling requirements; rather they are subject to carriage
requirenments that require them to reserve channel capacity for
certain programming provided by other entities. Cable operators
and services are governed by Title VI of the Comrunications Act
of 1934, while wireline telecom falls under Title Il of the Act
and enhanced or information (lInternet and data) services are
treated as nonregul ated and regul ated under the |ooser rules of
Title |. Moreover, telecom carriers are regulated as common
carriers while cable operators do not have these sane regul atory
burdens. Thus Internet access through cable systens is treated
differently from Internet access over wreline networks. As a
result, two parallel wuniverses of regulations exist, one for
cabl e operators and one for wireline operators.

This asymmetric regulation of Internet access, favoring cable TV
operators over incunbent wireline operators is one of the factors
that have delayed, and continue to delay, |LEC deploynents of
DSL. It also is one of the issues that have held back DSL
depl oynments by data CLECs. If the regulatory situation were
clearer and if the ILECs were not seeking to hold onto their
nmonopol y over the local |oop as |ong as possible, DSL deploynents
woul d occur at a faster pace than what we are seeing today.
Hopefully, the resolution of wmany of the regulatory issues
discussed in the later regulatory chapter will allow for a nore
rapi d depl oyment of DSL in the consunmer and busi ness narkets.

Sal onon Smith Barney believes that cable Internet access wll
capture 25-30 percent of the market during the next five years.
However, analysts from Credit Suisse First Boston think cable' s
penetration rate will be only 11 percent. Cable's penetration
rate will depend on certain things, notably, pricing, custoner
and technical service, introduction of DOCSIS nodens, and
i ntroduction of new set-top boxes that include nodens. Equally
important will be whether cable operators can form a partnership
with AQL. Currently, relations between AOL and the cable
operators are a bit tense, with AOL demanding that regulators
deregulate cable infrastructure and allow ACL to purchase

transport only from cable operators. |f <cable operators are
unable to conme to some ami cable partnership with AOL, the current
forecasts will change. AOL has nore than 17 mllion subscribers

and is a powerful force in influencing who has control over the
broadband market. Currently, ACL has deals only with telephone
and satellite conpanies, but this too will |ikely change.

Busi ness

Data CLECs and |SPs appear to have a solid hold on the small-
busi ness, telewrker, and SOHO market, and it |ooks I|ike they
will keep this edge. These conpanies have stated that their
strategy is first to target the snmall-business, SOHO and
tel eworker market. After gaining a certain anount of business
custoners, these conpanies began to think of targeting the
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residential market. Covad began targeting the residential narket
inlate April 1999, nore than a year after it began targeting the
busi ness market. The only conpanies that can challenge today’'s
CLECs for the small-business and tel eworker narket are the |LEGCs,
which seem to be ignoring the business market for fear of
canni balizing their T-1 revenue stream

Data CLECs will continue to grow rapidly until they cover the
United States. I1SPs also are working hard to capture a large
percentage of this nmarket. Many |SPs are working in concert wth
data CLECs and ILECs to gain a larger share of the DSL nmarket.
ISPs represent the best chance consuners will have for
conmpetition in the DSL nmarket. |SPs such as Concentric have nade
alliances with other data CLECs and even with |ILECs and are using
these alliances to attack the consumer and business markets.
Concentric is targeting its service at high-volune consuners who
had been paying nore than $100 a nonth for | SDN access.

In the business market, DSL will be the chosen technol ogy because
it is unlikely that businesses will look to cable operators to
provide service. Wreless technologies will have an easier tine

conpeting where there is no cable infrastructure, such as
business districts or where the telephone network has not been
upgraded to support DSL. Conpetition for wreless broadband
servi ces depends on the cost of these services. Al though cost is
a factor in all scenarios, it is much nore a factor in wreless
than in others.

Fixed wreless operators, such as Teligent and Wnstar, are
beginning to launch data offerings for the SOHO snall, and
m dsi zed businesses and could pose a threat to DSL in the next
few years. Currently, there is no successful deploynent of
wireless services for broadband access that can indicate what
users are willing to pay. However, any estimate for broadband
access and for the percentages that DSL and fixed wireless wll
have nust be based on factors such as geographic region, cost,
and density of population in a region. After analyzing these
factors, one can deternine which technology wll be nost
successful .

Consuner and Busi ness Forecasts

In 1998, there were about 35,000 DSL lines in use (excluding
HDSL), and these were primarily for small businesses and
tel eworkers, not consuners, as conpared wth 600,000 cable
nmodens. According to the ADSL Forum the GartnerGoup projects
DSL lines to increase by nore than 300 percent between 1997 and
2002, with nore than 1 mllion DSL lines installed by 2001. Al
other consultants estimate that cable-nodem subscribers wll
approxi mat el y doubl e the nunber of DSL subscri bers.

Al'lied, another market research firm however, estimates that DSL
will capture 37 percent of the market, wth cable nodens
accounting for only 26 percent, satellites for 7 percent, and
I SDN for 11 percent. The Strategis Goup forecasts that DSL will
not see much growh until after the year 2000 and will top off at
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2.9 mllion in 2003. In conparison, Strategis estimtes that
there will be 6.2 mllion cabl e-nmbdem househol ds by 2003, roughly
doubl e the nunber of DSL househol ds. The Yankee G oup estinmates
that DSL sub-scribers will nunber 250,000 by 1999, against cabl e-
nmodem subscribers of 1 million. They further predict that in the
year 2000, while there will be nmore than 2 nillion cabl e-nodem
subscribers, DSL subscribers will total only 700,000. This trend
continues in 2001, with an estimte of only 1.5 mllion DSL
subscribers to cable’s 3 million.

I nsi ght Research states that by 2000, cable will have 11 percent
mar ket -share conpared with DSL’s 4 percent and by 2002, cable

wi Il have 22 percent penetration conpared with DSL's 11 percent.
O her forecasts include those of Forrester Research, which
believes that cable operators wll capture 80 percent of the
broadband residential narket, an estimated 16 nillion customers.
Specifically, they believe that cable nobdens wll grow from
600, 000 in 1998 to nore than 2 million in the year 2000, and 13.6
mllion by 2002. If Forrester Research’s estimates are correct,

the conmpound average growh rate for high-speed access for cable
operators is 150 percent. Salonon Smith Barney predicts that the
conbi ned average growth rate for cable nodens will be 87 percent.

Any estimates for broadband access and the percentages that DSL
and cable nodens wll have nust be based on factors such as
geographic region, cost, and density of population in a region.
After analyzing these factors, one can determ ne which technol ogy
will be nobst successful. Today, DSL and cable nodens conpete in
few places, but this will change dramatically in the coning year,
as both the cable operators and the ILECs begin aggressive
rollouts of broadband access. In 1998, there were only about
30,000 DSL lines in wuse, not including HDSL |ines used as
repeaters, as conmpared wth 600,000 cable nodens; neither
represents any significant penetration rate of the 101 billion
people in the United States.

In summary, it is believed that in consuner or residential
mar kets where cable infrastructure is firmy in place, including
cust oner service and back-office operati ons, cabl e- nodem
technology will be nore successful for nmass-market consuners than
DSL technologies. This wll be especially true in rural areas
covered by cable, where loop lengths are too long for ADSL or
other DSL technology to work. Here, cable is the w nner. Sone
anal ysts originally thought that rural cable systems would not
have the cash necessary to upgrade and in nmany cases rebuild
their systens, but this too has changed. Several broadband-access
conmpanies are currently working with rural cable conpanies to
help them wupgrade their plants, even @one, the |argest
br oadband- access conpany funded by the large multiple-system
operator (MSO, had created a program that specifically targets
the smaller rural cable conpanies. Besides upgrading their
network, rural cable systens can |ook to technology to solve sone
of their plant and capacity problenms. Terrayon's system can turn
a one-way cable plant into a broadband-access plant through the
use of spread spectrumtechnol ogy.
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DSL vs. Competing Broadband-Access Technologies

The demand for higher-speed access to the Internet has notivated
telecom and cable suppliers to cone up with different solutions
for neeting these needs. Cable operators had already begun
upgrading their networks to handle nore channels and offer nore
services before the Internet and the Wb becane household itens.
Cabl e operators were prinmed to take advantage of this opportunity
to provide high-speed access because, once their netwrk was
upgr aded, addi ng hi gh-speed access would not be a |arge expense.
Additionally, these operators saw that if they speeded up their
pl anned upgrades, they could take a |large chunk of the market for
br oadband- consunmer access. Cable operators had been watching as
ot her video conpetitors, such as DBS operators, had been taking
away their custoners and saw broadband access as an additional
val ue-added service they could offer to keep custoners from
switching to DBS and to bring in higher revenue and a | arge share
of the data market.

Denmand for bandwidth has led to several technol ogical approaches
devel oped to provi de broadband access to business and residential
custoners. DSL is just one means of achieving high-speed access;
there are nunerous other ways of achieving the same or higher
bandwi dth. One way is through cable nodens. Although DSL has
nuner ous advant ages, other means of obtaining high-speed access

may be preferable. This chapter wll conpare the relative
strengths and weaknesses of the conpeting technologies for the
consuner market as well as for the SOHO and snall-business
mar ket .

The conpeting technologies that wll be discussed are cable

nmodens, broadband satellites, and wireless. Three new wreless
technol ogi es are beginning to challenge traditional wreline and
cable for the data nmarket: LMDS, MVDS, and fixed wreless. The
chief advantage of wireless technology is the speed of
depl oynment. Another big advantage of wireless is that a large
portion of deploynent costs is incurred only when a custoner
signs up for service. Because microwave can be rolled out on a
segnented basis, it is often less costly than other technol ogies,
especially for carriers penetrating a new nmarket or in regions
with wi dely dispersed custonmers.

Broadband wirel ess systens consist of a radio transmitter that
sends a signal on a conbination of channels to nunerous
receivers, including honmes and businesses. Digital versions of
wireless cable promse to provide digital TV, interactive
servi ces, hi gh-speed Internet access, and data networKking
servi ces. Breakt hroughs in digital technology and digita
conpression now permt operators to dramatically increase the
amount of data that can be sent in a finite ampbunt of spectrum
Each of the three wireless technol ogies