


upstream rates range from 64K bps to 384K bps to 640K bps to 1M bps. Each channel can be
submultiplexed to form multiple, lower rate channels.

Operating Requirements

CAP and DMT are two "line codes™ or modulation systems currently on the market today for
ADSL. The ADSL Forum has taken no position on the merits or demerits of either. Each line
code has its own case to make. All major ADSL vendors belong to the ADSL Forum and set
aside their differences while working together to create system guidelines and market positions.
As such, it can be fairly represented that the line code issue will have little bearing on the size,
speed, or character of the ADSL market as a whole. G.lite is newly developed by the Universal
ADSL Working Group (UAWG) which developed recommendations for a standards-based,
splitterless version of ADSL that eliminates the need for a telephone technician to install a splitter
at the customer's premises. G.lite was inherited by the ADSL Forum (including interoperability
testing) when the UAWG invoked its sunset clause in June 1999.

What Is CAP?

CAP stands for Carrierless Amplitude Phase Modulation and describes a version of QAM in
which incoming data modulates a single carrier that is then transmitted down a telephone line.
The carrier itself is suppressed before transmission (it contains no information and can be
reconstructed at the receiver), hence the adjective "carrierless.” The advantages of CAP are that it
uses a simple design (making it less costly to build), requires less power, and generates less heat.
Both power consumption and heat are serious factors when it comes to housing a lot of these
systems together (as in a central office).

What Is DMT?

DMT stands for Discrete MultiTone and describes a version of multicarrier modulation in which
incoming data is collected and then distributed over a large number of small individual carriers,
each of which uses a form of QAM modulation. DMT creates these channels using a digital
technique known as Discrete Fast-Fourier Transform. DMT is the basis of ANSI Standard
T1.413. The advantage of DMT is that it provides the best results and maintains the full
bandwidth at its maximum range of 18,000 feet--unlike CAP where the signal degrades quickly
after 10,000 feet.

What Is DWMT?
DWMT stands for Discrete Wavelet MultiTone and describes a version of multicarrier
modulation in which each carrier is created by Wavelet Transform rather than Fourier Transform.

What Is G.lite?

G.lite is an ITU standard (G.992.2) that was supported by the Universal ADSL Working Group
(UAWG), an alliance formed by Microsoft, Intel, Compag, and others. Based on a scaled-down
and enhanced version of ADSL that requires less bandwidth (up to 1.5M bps downstream and up
to 512K bps upstream), G.lite can be activated from a central office without sending a technician
to install a splitter. G.lite is currently being tested for interoperability by the ADSL Forum
Testing and Interoperability Working Group.



What Is RADSL?
RADSL stands for Rate-Adaptive DSL, a variant of ADSL, where the speed adjusts downwards
to accommodate poor line conditions or to create symmetric upstream and downstream speeds.

Technology Analysis

Asymmetrical Digital Subscriber Line (ADSL) is a service being tested and deployed by
telephone companies and one that could change the way consumers access the Internet and the
way companies design Web sites. ADSL is capable of supporting Internet access to homes at T1
speeds without costly T1 lines, with even higher speeds supported. The service is being deployed
and/or tested around the world by several local exchange carriers (LECs). ADSL previously
allowed users to dial into an Internet service provider (ISP) at 16K bps and then download files at
1.544M bps. Upgrades to the service currently allow users to connect to their ISPs at up to 1M
bps (or higher speeds) upstream while maintaining download times at T1 (or higher) speeds. If
the service catches on, businesses will be capable of designing Web pages with more complicated
graphics, videos, and sound clips. The Web could explode with complex graphic images as more
users will be able to download files in less than a fraction of a second. So when is ADSL coming?
ADSL has arrived and is well positioned to make the transition from moderate-scale rollouts for
residential and business customers to widescale mass-market deployments. ADSL enjoys broad
international support and has been proven by extensive market trials on five continents. Carriers
around the world are deploying ADSL, with new service rollouts being announced almost
weekly.

Widescale ADSL Deployments in the U.S.

Service Provider Deployment

Ameritech Services available in metropolitan Ann Arbor, Detroit, and Chicago for Internet
access via ameritech.net by the end of 1999. Aggressive deployments through
2002 will result in 80%-85% service availability within the five state Ameritech
region (lllinois, Indiana, Michigan, Ohio, Wisconsin).

Bell Atlantic ADSL deployment in Albany, Buffalo, and Syracuse, NY; Baltimore, MD;
Greenwich, CT; Harrisburg, PA; Norfolk, VA; Springfield, MA, and Wilmington,
DE. Later in 1999 and early 2000, the company will begin to deploy service in
parts of New Hampshire, Maine, Rhode Island, Vermont, and West Virginia.

BellSouth Services available in all 8 states in 30 Southeastern markets as of November
1999.

GTE Network Services Services currently available in 17 states, as of year-end 1999.

SBC/Pacific Bell Services available to nearly 10 million customers by year-end 1999 and has

already sold DSL service to approximately 100,000 subscribers in more than 200
communities in California, including San Jose, San Francisco, Oakland,
Anaheim, Los Angeles, San Diego, and Sacramento.

US WEST Services available in 14 states, 60 cities as of mid-1999 to more than 5 million
customers; about 50,000 subscribers.
Others CLECs like Covad Communications and NorthPoint Communications began

deploying ADSL services in California and have since expanded into East Coast
markets as well. A number of Internet Service Providers (ISPs) also offer DSL
services in various markets.




Business Use

Today, high-speed Internet access is seen by many as the first "killer" application of ADSL--there
is a pent up demand for higher access speeds and only ADSL can practically provide these
speeds. Today's analog modems routinely offer 28.8K bps or 33.6K bps and, in a few but growing
number of instances, up to 56K bps. However, 56K bps is probably the practical limit for analog
modems. ISDN can increase this to 128K bps, but this is still slow compared to ADSL speeds of
between 1.5M bps and 8M bps. ADSL opens a whole new world of virtually instantaneous
downloading of massive graphics and even video applications over the Internet.

Benefits and Risks

While opinions about the prospects for ADSL in today's market vary widely, there is a strong
consensus on its benefits for providers and users. The potential benefits of ADSL to service
providers revolve around ADSL's cost-effectiveness relative to fiber alternatives. ADSL uses
existing twisted copper pair, only needs to be installed in premises that will pay for it, and it
"splits" the voice channel out from the data channels. Other benefits include increasing the
number and marketability of applications, as well as the creation of a new revenue stream. The
significant benefit that ADSL offers to users is a cost-effective means of substantially increasing
bandwidth in residences and small offices. Megabit download speeds and always-on connectivity
are universally acclaimed as ADSL's benefits to the user. The capability to use the telephone and
PC simultaneously without a second line will also appeal to many online users. Of course, these
characteristics generate other benefits by allowing applications like interactive games, telework,
distance learning, etc. Also, when compared to cable modems, the ADSL per subscriber line
service provides more security than the shared cable modem. That element of security is
important for services like online banking.

In terms of risks, first and foremost, ADSL "on the ground" must meet the expectations
generated by ADSL advocates. The advantages of the technology in terms of high-data transfer
speeds, low cost, and allowing a wide range of higher bandwidth applications will be
substantially diminished if implementation is difficult. Problems with crosstalk, distance
limitations, and the likelihood that a good portion of the copper in the ground is not "ADSL
ready," i.e., bridge taps, damage, or wetness, could all substantially affect network
implementation and ADSL performance. If such problems are widespread, the cost of
implementation rises, and doubts surface about the maturity or appropriateness of the technology
and the commitment of service providers to the technology.

ADSL skeptics repeatedly reference the experience of U.S. local exchange carriers (LECS)
with ISDN and warn of a similar scenario for ADSL. While these warnings may be overly
distressing, there may be a trade-off between first mover advantage and service quality, if the
implementation is premature. The service must perform as promised or being first to market loses
much of its value.

Secondly, a greater emphasis upon the end-user perspective is needed in the ADSL
discourse. Much of what is written is supplier (manufacturer and telco) driven. It is assumed (or
hoped) that the end user will enthusiastically embrace ADSL's benefits. While the early adopter
(heavy user) may fit this characterization, the critical mass of users may not. For these users,
ADSL is not an end in itself; it is an enabling technology--an "enhanced" phone line. On the one
hand, this implies that the cultural resistance to the implementation of ADSL services, which
often jeopardizes new innovations, should be very minimal, since the mode of transmission is
familiar. On the other hand, it also implies that the service provider is not selling ADSL per se,
rather the application(s) it allows. As a result, the type and pricing of the applications, as well as
the ways in which these applications improve the lives of users, will be critical for ADSL's
success. ADSL is only useful if it can provide desired services at an acceptable price point.

In the North American and European context, the driver, at least for the SOHO market, is



widely considered to be Internet access. For the critical mass of users, this application alone is
very price elastic. Conventional wisdom places the price point at a maximum of US$40/month in
the U.S. In other parts of the world, like Singapore and Hong Kong, where ADSL is being used to
allow full-service networks, price points may be higher.

Finally, the speed and ubiquity of actual deployment will vary considerably depending on the
region or country. Factors such as the level of an installed ISDN base, the existence of cable
competition, the state of the existing local loop architecture, regulatory requirements regarding
local loop unbundling, the level of Internet access, content provision, and pricing, as well as
individual telephone companies' strategies will create different conditions for ADSL on a
country-by-country (or in some cases, a region-by-region) basis. At the forefront of deployment
are Singapore, Hong Kong, the U.S., and Canada. In other markets such as Germany and the
Scandinavian countries, large carriers have made public commitments to ADSL deployment.
However in most industrialized markets, ADSL deployment is currently limited to trials. This is
presently the case in Japan, New Zealand, Australia, Switzerland, Belgium, the U.K., the
Netherlands, France, Italy, Spain, Taiwan, and Korea. (Trials and/or limited deployment are also
occurring in some developing countries, e.g., Brazil, China.)

Taken together, these observations suggest that effective implementation of ADSL, the needs
of potential ADSL users, and variations in national and regional business environments deserve
more attention. ADSL deployment will increase rapidly in the next two years. Its longer-term
prospects will be powerfully shaped by the capability of industry players to understand and
respond to these issues.

Standards

ANSI's T1E1.4 working group completed Issue |1, a supplement to the international standard for
ADSL in December 1997. Created with the intent of fostering interoperability among various
vendors' DMT-based ADSL silicon and equipment, Issue Il has a significant impact on the ADSL
market and the high-speed modem industry. DMT is an international standard for ADSL
technology, recognized by ANSI, ETSI, and the International Telecommunications Union (ITU).
Issue Il specifies multiple modes of operation including ATM and RADSL while maintaining the
currently specified STM mode as well. Specifically, the Issue Il standard:

- Maintains backward compatibility with Issue | of ANSI T1.413,

- Clarifies Issue | text in pursuit of multivendor interoperability,

- Specifies RADSL Rate adaptation at start-up (N 32K bps),

- Specifies how to transport ATM cells over ADSL,

- Extends the highest data rates to over 8M bps, and

- Reduces the ADSL framing overhead during ATM transport to increase upstream and
downstream performance DMT technology.

In March 1993, the ANSI working group T1E1.4 selected DMT technology as the standard line
code for ADSL. This selection was made from a pool of competing technologies, including CAP
modulation and QAM modulation. DMT's most significant advantage is its capability to
dynamically adapt to the line conditions to attain the maximum throughput per channel.

UAWG

During 1998, the UAWG developed a set of contributions building on the present T1.413
standard intended to create quick deployment and adoption of G.lite. With the goal of providing
consumers with assurance that products and services will work together, the UAWG's work will
complement currently planned equipment deployment for full-rate ADSL and help to provide a
seamless migration path from today's modems. In addition the group aimed to maximize the
economy, speed, and efficiency of both full-rate and G.lite deployments. The group delivered a



series of contributions to the International Telecommunication Union (ITU) G.Lite subcommittee
in early 1998, and it issued a developer's guide that has set a clear design target for technology
vendors. The group foresees Universal ADSL modems being a preferred PC modem technology
by the year 2000.

The goal of the Universal ADSL specification's work was to contribute an interoperable
extension of the ANSI standard T1.413 ADSL, which was proposed through the ITU
standardization process to gain global acceptance and leverage current deployment of T1.413-
based equipment by telecommunications carriers around the world. The Universal ADSL
Working Group (UAWG) worked to drive the interoperability of devices by sharing the working
group's contributions widely and has acted as a forum for resolving intellectual property issues.
There are several advantages to G.lite, including:

- G.lite, Single Standard--Adopted by the ITU in late 1998 and approved as a standard in June
1999, this common specification supported by the personal computer, networking, and
telecommunications industries will allow more rapid nationwide and global deployment of high-
speed Internet access. In addition, the integration of the technology to cost-effective silicon
devices is expected, thereby reducing costs of G.lite equipment. The rapid deployment of a single
standard will increase the installed base of consumers accessing this service, thereby lowering
costs of high-speed Internet products.

- Simple Plug and Play--G.lite will significantly reduce additional device requirements to be
installed outside the home and help to eliminate the need for special installation services or for
additional wiring inside the home. This effort will allow PC vendors to integrate this technology
in the future. In addition, simplified software setup of G.lite communications will be included in
future versions of Microsoft Windows. This results in ensuring simple plug and play access for
consumers to high-speed communication services.

- Performance--G.lite technology delivers high-speed PC-based communications via standard
telephone lines at speeds up to 25 times faster than today's fastest analog modems.

- "Always On"--A significant benefit of ADSL is that it is "always on," allowing continuous
usage. Consumers can now avoid time-consuming connection procedures and busy signals and
benefit from new services available from an "always on" connection. With "always on"
connectivity, the Internet can become an integral part of a consumer's daily life and facilitate an
enriched Web lifestyle.

ADSL Forum

The ADSL Forum now has over 250 member companies, which include all of the world's leading
telephone companies and ADSL vendors, together with other key PC and ISP data industry
companies. The ADSL Forum has become a major focus for the standardization of DSL systems,
as opposed to just transmission chips. The ADSL Forum has numerous working groups, covering
ATM over ADSL, Voice over DSL, testing and interoperability, operations and network
management, and emerging DSL technologies, i.e., VDSL and SDSL. The ADSL Forum also
inherited the work of the UAWG on G.lite, including interoperability testing, when the UAWG
invoked its sunset clause in June 1999.

Testing and Interoperability Working Group

The Testing and Interoperability Working Group is playing a vital role within the industry at this
time. The working group is concerned with gross vendor interoperability, ADSL protocol
implementation and conformance statements (PICS), test procedures, and configurations. The
group examines test parameters and test conditions both at the electrical/physical layer and at
higher protocol layers. It examines the types and levels of interoperability testing, procedures test
suites, test configuration, and test cases. The immediate priority of this group is to progress



development of a framework for interoperability testing that allows vendors and service providers
to understand the logical steps and techniques required investigating interoperability between
different vendors' ADSL equipment. The work of this group is designed to continue the plugfest
interoperability that began with the UAWG.

Technology Leaders

ADSL has been tested successfully by telephone companies, and thousands of lines have been
installed in various technology trials and actual service deployments in North America and in
Europe. Several telephone companies are using ADSL for market trials, principally for video-on-
demand, but including such applications as personal shopping, interactive games, and educational
programming. Interest in personal computer applications is growing, especially in terms of high-
speed access to Internet/intranet resources, and initial ADSL service deployments have largely
focused on this area. Semiconductor companies have introduced transceiver chip sets that have
been used in market trials. These initial chip sets combine off-the-shelf components and
programmable digital signal processors. Continued investment by these semiconductor companies
increased functionality and reduced chip count, power consumption, and cost, allowing mass
development of ADSL-based services during 1998 and 1999.

To date, much of the impetus for deploying ADSL service has come from Competitive Local
Exchange Carriers (CLECs) such as Covad Communications Co. and NorthPoint
Communications Inc. These companies view ADSL as a key enabling technology to support not
only high-speed Internet access, but a wide range of IP services, including virtual private
networking and voice, fax, video, and multicast broadcasting over IP. Pacific Bell, for example, is
deploying ADSL services to more than 200 California communities, prompted in part by the
competing services already being offered in its market by Covad and NorthPoint. In one of the
more ambitious moves, US WEST targets 60 cities with its MegaBit Services ADSL offerings in
1999. GTE Network Services rolled out ADSL services in 17 states by the end of 1999, BellSouth
is offering ADSL services in 30 cities by the end of 1999, and Bell Atlantic, which pioneered
ADSL technology, offers ADSL service in 20 metro markets.

As ADSL equipment costs have come down, the RBHCs have also been allowed to cut
prices, with US WEST being a price leader at US$30 per month. US WEST has even started to
offer a US$20 per month service, which limits the user to two hours of use after which users have
to dial up again. In other words, it is not an "always on" service. AOL with its almost 20 million
users has also struck pacts with both Bell Atlantic and SBC to provide de-facto subsidized ADSL
service at US$40, inclusive of the AOL fee. It is expected that AOL is going to be the most
effective ADSL marketing machine out there, which should not be that hard to believe when the
chief comparison is the RBHCs. Whenever AOL gets the go-ahead from Bell Atlantic and SBC
(and potentially other ILECs as well) to turn on its marketing machine, the provisioning logistics
have better be in place to handle the millions of AOL members. It is expected that the advent of
such massive ADSL marketing should finally be the long-awaited boom for the DSL system and
component stocks.

Technology Alternatives
The technology alternatives to ADSL are many and are listed below:



High-Speed Digital Subscriber Line (HDSL)

High-Speed Digital Subscriber Line (HDSL), unlike ADSL, is symmetric technology with speeds
of 1.5M or 2.0M bps using two or three lines. Its main purpose is to replace traditional T1/E1
repeated service. As per the standards bodies, HDSL is a two-wire implementation. HDSL's
operating range is more limited than that of ADSL; after 12,000 feet, telephone companies need
to install signal repeaters to extend the service. Because HDSL is a two-wire implementation, it is
deployed primarily for PBX network connections, digital loop carrier systems, interexchange
Points of Presence (POPs), Internet servers, and private data networks. HDSL-2, an offshoot of
HDSL ratified by the standards bodies in 1999, supports the same speeds as HDSL, but requires
only one wire pair.

Symmetric Digital Subscriber Line (SDSL)

Symmetric Digital Subscriber Line (SDSL) is similar to HDSL in that it delivers 1.5M or 2.0M
bps (or submultiples), but it does so using a single line downstream toward the user andupstream.
The use of a single line further limits SDSL's operating range; 10,000 feet is the practical limit for
SDSL applications. Because of its symmetrical nature, it is well suited for videoconferencing
applications or remote LAN access.

Very High-Speed Digital Subscriber Line (VDSL)

Very High-Speed Digital Subscriber Line (VDSL) is asymmetric. Its operating range is limited to
1,000 to 4,500 feet, but supports very fast transmission via single twisted-pair copper. Data can
travel at rates up to 51.84M bps from 100-300 meters with rates of up to 1.6M bps on the
upstream return path. VDSL is positioned as the eventual modem of choice for fiber-based full-
service networks. The extra bandwidth allows telephone companies to deliver High-Definition
Television (HDTV) programming using VDSL technology.

IDSL

Recently, ISDN DSL (IDSL) has emerged as a new spin on the 1980s technology. IDSL is simply
ISDN terminal adapters talking to ISDN compatible line cards which reside on the other end of
the copper wire loop and which terminate the ISDN signal independent of the telephone switch.
While IDSL leverages a proven technology, it is functionally a subset of ISDN in that it foregoes
any capability to support telephone service and switched connectivity in general.

Cable TV/Cable Modems

Cable TV is currently one of the most fast-moving and dynamic industries, with new alliances
announced almost daily. The move by cable TV operators into telecommunications services
provision has further enhanced the industry and provided even more competition within the
telecommunications arena. This is particularly visible in the U.S., where liberalization is the most
advanced so far. Cable TV has become one of the most discussed sectors in the multimedia
revolution that is predicted to occur over the next few years. In some nations, it provides the
obvious route to rapidly introduce competition into voice infrastructure, and in the U.S., the
process has already begun.

Although in the past, broadband cable systems have used Plenochronous Digital Hierarchy
(PDH)-type systems for the provision of telecommunications services, modern fiber-based
systems use SONET/Synchronous Digital Hierarchy (SDH) technology. A major benefit of
SONET/SDH is that high-speed digital access (up to the 155M bps rate of the fiber carrier) can be
made available to the end user, whereas PDH is usually restricted to 45M bps.



SONET networks are currently more expensive to build, but cost is not the only
consideration. SONET, with its "drop and insert" capability, offers a flexibility in network
topology--rings, daisy chains, and hierarchical branch structures are all possible--which enables
the operator to connect new customers at new locations with the least incremental cost and
engineering disruption to the existing network. SONET multiplexers can be bolted onto the
existing infrastructure with little change upstream in the network. With the multiplexer in place,
additional subscribers are connected by simply adding a line card. Although it is more expensive
in terms of fixed costs to take the backbone overlay closer to the customer, the per-subscriber
incremental cost is lower. There are also strategic issues concerning the future implementation of
broadband (non-voice) services, which means that putting the fiber as close to the home now
could save costly network revamping in the future.

Digital transmission and compression of television will allow integrated delivery to the
home. This will enable a single coax connection from a local distribution node to take both
telephone and TV into the home instead of the current requirement to use a twisted pair for
telephony.

The growth and development of cable telecommunications forms an integral part of the
much-talked-about Information Superhighway. Utilizing the latent technologies, many cable
companies have brought fiber optic delivery closer to the home than any other
telecommunications or entertainment operators. The massive bandwidth available on fiber is the
key to the Superhighway and its capability to deliver voice, data, entertainment, interactive, and
informational services down a single delivery mechanism.

The larger Cable TV companies in the U.S., such as AT&T Cable Services (formerly TCI),
Comocast, Time Warner, and Cox, are also beginning to rollout cable modem services on a
widespread level. This technology supports speeds even higher than those available using ADSL
services. The potential problem with the service, however, is that all customers/users in a given
area share the same bandwidth pipe into the cable service provider. Therefore, if there are few
users, a large amount of bandwidth is available for them to share, giving them all extremely high-
speed access. However, if there are a large number of users active at a particular time, they will
all receive a much smaller amount of bandwidth since the overall size of the bandwidth pipe has
not changed. Also, many cable companies are deploying the service with a requirement that a
telephone line is needed to provide a return path for the service, thus requiring the user to procure
a second phone line from the serving telephone company.

Digital Cable TV Service

Digitalization transforms the conventional cable TV network into an Information Super Highway
accessible by every household connected to the cable TV network. Since the digital cable
network can transmit almost ten times the volume of video and audio services compared to the
conventional cable TV or telephone network, it makes services like video-on-demand possible.
The network can also be used to transmit data, allowing access also to various multimedia
services and high-speed Internet connections. The user of a digital receiver can use a remote
control not only to access regular TV programs, but also to access the server offering interactive
services.
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ADSL has indeed arrived. Tens of hundreds of customers already are online with ADSL, and at
the end of 1999, ADSL service was already available to millions of customers. The technology is
well positioned for widescale mass market deployments, as experts from various fields



collaborate and use their significant real-world deployment experience to expedite the rollout of
ADSL around the world. Carriers around the world will continue to scale up their ADSL
deployments and package their services to penetrate the consumer mass market as well as the
commercial business market. It is expected that cable modem service will be DSL's biggest
competitor; however, DSL service is expected to be the winner (at least in the commercial
business market).



