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Magalie Roman Salas, Secretary
Federal Communications Commission
1919 M Street, N.-W., Room 222
Washington, D.C. 20554

Re:  Ex Parte Submission in CC Docket No. 98-146:~"
Inquiry Concerning the Deployment of Advanced Telecommunications
Capability to All Americans in a reasonable and Timely Fashion, and
Possible Steps to Accelerate Such Deployment Pursuant to Section 706 of
the Telecommunications Act of 1996

Dear Secretary:

Pursuant to Section 1.1204(b)(1) of the rules of the Federal Communications
Commission (the “Commission™), 47 C.F.R. § 1.1204(b)(1) (1997), ADC
Telecommunications, Inc. (“ADC”) herein submits two copies of these ex parte
comments in the above-referenced docket. ADC has previously submitted a paper in this
docket under cover of letter to the Secretary dated September 14, 1998, and entitled 4
New Regulatory Framework for Unlocking the Capacity of the Local Loop (“New
Framework™). We encourage the Commission to refer to that paper.

This will confirm that on Friday, October 30, 1998, representatives of the
Commission and of ADC participated in a telephone conference call for the purpose of
discussing the above-referenced docket inquiry. Participating in that telephone call were
Stag Neuman, Jennifer Fabian, and Johnson Garrett of the Commission, and John Griffin,
John Frederick, and David Fisher of ADC. Attached are copies of materials submitted to
the Commission in connection with that conference.
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Magalie Roman Salas, Secretary
January 11, 1999
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Further to the above-referenced docket, ADC submits the additional attached ex
parte comments, supplementing the New Framework, for the Commission’s
consideration.

Very truly yours,

——ADC TELEC

\
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David F. Fisher

cc: Chairman William E. Kennard
Commissioner Susan Ness
Commissioner Michael K. Powell
Commissioner Gloria Tristani
Commissioner Harold W. Furchtgott-Roth
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UNLOCKING THE CAPACITY OF THE LOCAL LOOP

SUPPLEMENTAL EX PARTE SUBMISSION
Introduction

ADC Telecommunications, Inc. (“ADC”) respectfully submits these ex parte comments
in the above-referenced docket, supplementing a paper it had previously submitted in these
proceedings entitled 4 New Regulatory Framework for Unlocking the Capacity of the Local
Loop (hereinafter, ADC’s “New Framework”).!

In these supplemental ex parte comments, ADC summarizes and elaborates upon views it
has expressed to representatives of the Federal Communications Commission (the
“Commission”) in a telephone conference held on October 30, 1998. A copy of materials
provided to the Commission in connection with that conference also is attached.

The Local Loop Represents a Network Bottleneck

As set forth in ADC’s New Framework, the local loop, being that area of physical
connection between a user's premises and the telecommunication network, represents a
bottleneck in the evolution towards advanced broadband services. The loop is largely comprised
of twisted copper pairs, with electronics designed to transmit narrowband signals - voice and low
speed data - from users through the Class 5 central office (CO) switch. With increasing demand
for higher speed data transmission, service providers are faced with the task of finding economic
means to leverage their costly installed base of copper in the local loop. Upgrade investment in
the local loop represents the most significant expenditure of any network segment, given that the
local loop represents the most mileage in the network and is often the oldest segment. Thus,
service providers have sought out technologies that will prolong the life of the legacy copper
plant, while still engaging in higher levels of services.

For instance, digital loop carrier (“DLC”), and next generation DLC, technologies are
often deployed to extend service beyond certain distances from the service provider’s central
office, offering a wider range of services and capitalizing on digital technology. DLC service
offerings are principally in the narrowband range. Digital subscriber line (“DSL”, or “xDSL” to
distinguish among different DSL technologies) has unique encoding schemes, protocols and error
correction capabilities that allow existing twisted copper pairs, in the existing local loop
infrastructure, to be used to deliver high bandwidth, or broadband, services. Hybrid fiber coaxial
(“HFC”) technology boosts capacity and capabilities of existing fiber and coaxial cable for
delivery of advanced broadband services as well.

The mere existence of such technologies, however, has not yet opened the bottleneck in
the network local loop. Although technologies such as certain forms of DLC, xDSL and HFC are
being deployed currently for the purpose of extending the life and capabilities of the existing

' A New Regulatory Framework for Unlocking the Capacity of the Local Loop, ADC Telecommunications, Inc.,
Written Ex Parte Presentation (filed September 14, 1998) (herein referred to as ADC’s “New Framework™).




local loop infrastructure, it is clear that deployment is not occurring at a rapid pace or in a timely
fashion. This is due in part to continued resistance among incumbent local service providers to
freeing access to their local loop infrastructure on an unbundled basis. This resistance is not
entirely surprising.

There is significant risk associated with the unbundling requirements of the
Telecommunications Act of 1996 (the “1996 Act”). It would be difficult for a service provider,
for instance, to arrive at an optimal network design from a technical perspective when it is not
clear whether the service should or must be managed and marketed as regulated service or as an
unregulated service.

Furthermore, the economic reality is that local exchange carriers may find it easier and
less expensive to explore long distance markets for new revenue sources than to assist
competitive growth in local markets by unbundling its copper plant. The long distance business
is less capital intensive, and its financial rewards more immediate, than upgrades to the local
loop. By entering long distance before local upgrading, therefore, local service providers which
already have a substantial local infrastructure investment see opportunities to secure new revenue
before being required to further invest.

With these principles at issue, strategies frequently are employed by incumbent local
service providers to limit local loop development. These strategies are varied, but typically
include the following: dramatically lowering prices on interconnection agreements for T1 service
(1.544 Mbps) as a means to avoid having to unbundle local copper; imposing limits on
construction of capacity in “popular” CO’s so that there is limited co-location space for
unbundling; demanding that all co-location equipment be certified through a needlessly lengthy
and complicated process; and demanding “spectral-compatibility” among component parts of the
network, when there are no compatibility specifications. The use of such strategies, irrespective
of whether or not they are warranted, has had a dampening effect on the growth of competition in
the local loop, and on the expedient deployment of technologies with advanced
telecommunications capability.

Today, there are only four ways in which new service competitors may gain access to
customers in the local loop. First, they may resell services purchased from incumbent service
providers, which can be prohibitively costly and is limited to resale of existing services. Second,
they may build wholly new facilities, which again is economically unsettling, particularly in
geographically dispersed markets for small businesses and residential customers typically
targeted by new competitors. Third, they may lease T1 lines from the incumbent service
providers, which is now the preferred method for gaining local access. Fourth, they may secure
access to unbundled segments of the local loop, which is clearly the most economical access
strategy, except that it is extremely difficult to obtain access from incumbent service providers.

These are some of the reasons the pending §706 Notice of Inquiry is important.
Infrastructure and strategic limitations are a bottleneck to the future growth of
telecommunications in the information technology sector and in the larger economy.




Focus on Advanced Telecommunications Capability

As noted by Larry F. Darby in the August, 1998, issue of Communications Business &
Finance, there is increasing concern that

“[S]ince the 1996 Act was passed, most of the energy of the regulatory
community has been focused on matters involving competition,
interconnection, and universal service. The focus has been on ‘fairness’ to
competitors and different classes of users. Fairness is important.
Competition is important. And so is universal service. But in the long run
that focus may prove to be myopic, when considered in the context of the
potential gains from innovation and investment in high-capacity systems.”

ADC has urged the Commission to devise a definition of “advanced telecommunications
capability” consistent with the intent and spirit of §706. That is, a definition that is theory-based
and designed to progressively open or eliminate the local loop bottleneck. Such a definition
should encourage “continued research, innovation, risk-taking, and deployment of ‘next
generation’ technologies designed to deliver the fastest, broadest, clearest, and true state-of-the-
art communications. . . .”> It clearly would not be adequate, for instance, for the Commission to
end its inquiry concerning deployment of technologies with advanced telecommunications
capability, and to relinquish responsibility for encouraging its acceleration, merely upon a finding
that present-day technologies, such as certain forms of xDSL, generally meet the broad
requirements of §706. The Commission should not limit §706 applicability, for instance, to
technologies that presently have limited service capability. Section 706 is positioned to provide
the Commission the authority to press industry to use initiative to find ever more improved and
advanced capabilities for telecommunications access and transport, continually reaching beyond
the technologies of today regardless of how adequate they seem by current standards.

xDSL Revisited

As mentioned above, xDSL is a family of technologies with unique attributes, which
permit delivery of advanced services over the existing local loop infrastructure. Plans by the
incumbent local service providers for broadband services depend upon reuse of their huge
installed base of copper plant. Success of xDSL technology, therefore, will be key since it
presently is the only viable means of sending a broadband signal over copper. No area-wide
upgrade of the copper plant is required in order to offer customers new services.

Attached to these comments is a chart, entitled Types and Applications of xDSL
Technologies, a copy of which was submitted to the Commission in connection with the
telephone conference of October 30 mentioned above. Each type of xDSL technology identified
in this chart has characteristics of bandwidth and reach that qualify it as having “advanced
telecommunications capability”. In ADC’s view, technologies with the capability of delivering
bandwidth in excess of 128 Kbps in both the upstream and downstream meet the requirements of

2 ADC’s New Framework, page 6.




§706.> Simply put, technology that supports bandwidth above this level can deliver “high speed,
switched broadband telecommunications capability that enables users to originate and receive
high-quality voice, data, graphics and video telecommunications. . . .”*

Technologies in the lower end of the bandwidth spectrum, such as standards-based IDSL
with a symmetrical bandwidth capability in excess of 128 Kbps, are being deployed now in the
United States network at estimated equipment costs of $200 to $350 per end. Even standards-
based HDSL, delivering T1 services at 1.544 Mbps symmetrically, is being deployed currently at
estimated equipment costs of $400 to $600 per link. However, deployment really ends there.
xDSL technologies in the higher bandwidths, capable of delivering truly high-quality and diverse
telecommunications services, are not being deployed in any significant way, and certainly not in
timely fashion. It would seem that only enough upgrade capability is being added to local
network segments to meet immediate customer needs, at the lowest possible cost and the lowest
possible encouragement to increased competition. Additional investments to accelerate
deployment of next generation technologies simply is not reality today.

It is generally acknowledged that xDSL is subject to certain technical limitations that can
make its deployment and use problematic. Most have to do with the local loop copper plant over
which it operates, rather than the technology itself. These limitations include loop reach which
adversely affects transmission speeds over distance, the condition of the copper loop as it
continues to age, the existence of bridge taps and loading coils in the local network segment, and
electromagnetic interference within binder groups. These limitations do not disqualify xXDSL
from consideration as having “advanced telecommunications capability”. Rather, these
limitations point up the need to determine ways to accelerate the upgrade of the local loop, or the
rapid development and deployment of technologies capable of overcoming them.

The limitation of loop reach, for instance, can be addressed by today's ADSL technology,
which can automatically adapt its transmission rate to the capability of each line, thus providing
the fastest speed possible depending on line length and other variables. This enables service
providers to offer ADSL service to the vast majority of non-loaded loops served. Systems are
shipping today that will deliver 6 Mbps downstream over 12,000 feet (for 24-gauge wire) and 1.5
Mbps downstream over 18,000 feet, and over even further distances at lower transmission rates.
Market research firms report that 70% to 80% of the world's nearly 750 million telephone lines
already are ADSL-capable.’

It may be that xDSL is an interim technology, designed to squeeze the last bit of capacity
from the existing, and aging, copper plant. XDSL nevertheless represents the state of
telecommunications technology advancement today, and can provide much-needed bandwidth
for the near future. For this reason, it meets the needs of today’s telecommunications, even as the

? See also The Future of Broadband: A case for FCC Action to Spur Deployment of Advanced Telecommunications
Capability, the Telecommunications Industry Association, Written Ex Parte Presentation (filed December 23, 1998).
* Section 706(c)(1) of the 1996 Act, 47 U.S.C. §§ 151, et seq.

> Loop Access Systems: Technology and Markets, Ryan » Hankin * Kent, 1998. See also, two presentation packets
prepared for ADC’s use and attached to this paper, one entitle HDSL2: Let’s Twist Again and the other entitled
Market Surveillance. Both summarize market expectations for xDSL technologies and T1 deployment.




Commission is prompted by Section 706 to encourage investment in new and constantly
improving infrastructures for tomorrow.

HFC

The shift to broadband access by local telephone service providers is partially driven by
the prospect of HFC and cable modems, which can offer significantly higher speeds than any
current telecommunications offering. Attached to these comments is a chart, entitled Class Types
of Product with “Advanced Telecommunications Capabilities”, a copy of which was submitted
to the Commission in connection with the telephone conference of October 30 mentioned above.
As indicated, HFC circuit-switched telephony offers bandwidth capability symmetrically at
transmission rates of 128 to 640 Kbps, at equipment costs of roughly $400 and $500 per
subscriber.

HFC cable data modem service supports asymmetrical transmission rates of 27 Mbps on
the downstream and 3 Mbps on the upstream, at equipment costs roughly estimated at between
$300 and $350 per subscriber. Cable modem service in particular is becoming a major thrust of
many service providers to expand beyond current video services into high growth data services.
Leveraging the broadband nature of the cable television system and recognizing the need to
augment revenue growth and enhance cash flow, cable operators are pursuing opportunities to
diversify service on the existing cable infrastructure. Cable modems can offer higher
performance and speed than current alternative telecommunications technologies, whether
personal computer modems or ISDN service.

Wireless

Also summarized in the attachment, Class Types of Product with “Advanced
Telecommunications Capabilities ”, is information concerning advanced wireless
telecommunications. Point-to-point wireless communication technologies are available today,
for instance, with symmetrical transmission rates from 1.5 Mbps up to an incredible 155 Mbps.
At this early stage of development, equipment cost is a factor, ranging from $10,000 per end in
the lower bandwidth rates up to $25,000 per end on the high side. Wireless point-to-multipoint
modems offer asymmetrical transmission rates of 20 Mbps on the downstream and 3 Mbps on
the upstream, at estimated equipment costs between $400 and $500 per subscriber.

These wireless technologies all are available today, although the higher bandwidth
technologies presently are in initial trials. The opportunities are significant, provided that

deployment is encouraged and hastened.

Recommendations Revisited

In its New Framework, ADC strongly recommended the deregulation of advanced
telecommunications services. We continue to urge that position to the Commission. We further
again urge the commission to consider waivers and expedited approvals of market trials and new
technologies, as outlined in the New Framework. For purposes of this paper, ADC strongly re-
emphasizes its challenge to the Commission to establish its authority in promoting strategies that




require incumbent service providers to provide key unbundled network elements and co-location
to competitors.

The key intent of the 1996 Act is to foster more competition in the local loop. To date
this has been largely unrealized. Devising means to accelerate deployment of technologies with
advance telecommunications capability, within the meaning of §706, arguably will be the most
effective and expeditious means to achieve the goals of the 1996 Act.

The Commission’s immediate objective should be to facilitate further growth and
investment across the telecommunications and information technology industries, as well as to
provide a level playing field for all advanced technology platforms. In particular, effort must be
taken to eliminate regulatory requirements that impose excessive burdens on telecommunications
services and are not necessary to foster competition or to protect consumer interests.

The Commission should pronounce the offering of advanced telecommunications
capability as an interstate service and declare it unregulated regardless of the provider.
Incumbent service providers would still face the market-opening obligations of the 1996 Act,
including the unbundling of network elements and interconnection requirements, for their
underlying local loop facilities. Since any such adjunct to the network that the incumbents add on
could be free of many of the existing regulatory requirements, they could make an economic,
market-based decision on whether to deploy advanced telecommunications capability.

At the same time, continued requirements for the unbundling of network elements can
play a significant role in allowing true “equal” access to the local loop. As noted above,
unbundling and further significant investment in the local loop is occurring only slowly, if at all.
One of the most significant ways to encourage competition in the local loop is to make
unbundling a reality. Providing an appropriate business and competitive structure would foster
this objective. For instance, the Commission should devise means to create a “wholesale”
business within the incumbent service providers which results in the sale of unbundled facilities
to “retail” competitive entities, such as the Competitive Local Exchange Carriers, or to
Incumbent Local Exchange Carrier retail organizations on a non-discriminatory basis. This
includes the provision of goods, services, facilities, interfaces, and systems, as well as
information and the establishment of telecommunications standards.

As long as ILECs are required to sell at wholesale unbundled loops on a non-
discriminatory basis, new local competitors would be able to continue to offer advanced data
services to both business and residential customers, differentiating their offers based on price,
service mix, support, and other features. These competitive carriers should then chose to deploy
a wide variety of different products in different network configurations, including those with
advanced telecommunications capability. The incumbent service providers, while typically
covering much higher overhead expenses, would be able to take advantage of economies of
scope and scale to their competitive advantage.

Section 706 offers a unique opportunity to the Commission to shape state-of-the-art
telecommunications in the near and distant future. ADC strongly urges the Commission to make
full use of it.
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Total Solutions for the Local Loop

“Safe Harbor” statement under the Private Securities Act of 1995

The information contained in this presentation includes “forward-looking statements” which
reflect management’s expectations or beliefs as of the date of this presentation.

ADC Telecommunications cautions that actual future results could differ materially from the
forward-looking statements in this presentation. Actual results may be affected by many
important factors including risks and uncertainties identified in Exhibit 99 to

ADC’s Annual Report on Form 10-K for the year ended October 31,1997,
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ADC Organizational Chart

William J. Cadogan
Chairman, President, and Chief Executive Officer
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ADC’s GROWTH FUNDAMENTALS
* Leader in Local Loop Access and High-Speed
Transport Systems Used by Voice, Video and

Internet/Data Service Providers

* Local Loop is the Capital Spending “Sweet Spot”

008 TV 9
o @1 NYE
CETNESEL:

e Diversified Customers and Products

e Strong Historical and Expected Earnings Growth

 Enormous International Growth Opportunities
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ADC’s MISSION |
Increase Local Loop Capacity and Speed
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WHY FOCUS ON THE LOCAL LOOP?

Interoffice - Local Loop Enterprise
Transmission MUty Access Network

1997 Sales (sBilions) $31 | %4 $10
13%

)0 CAGR

o . o = ’ ‘ \«\/ ,
Source: Northern Business Information, M L5 19 OSTH RESIDENTIAL
International Data Corp.
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DEMAND DRIVERS IN THE LOCAL LOOP

* Huge Demand for Bandwidth and
Speed

* Deregulation Creating New Providers
* Need to Upgrade Infrastructure
* Constantly Improving Technology

* Worldwide Need for Connectivity

WTelecommunicatiuns 7



APPLICATIONS FOR HIGH-SPEED ACCESS

VIDEO
Distance Learning
Telecommuting
Medical Imaging

DATA/INTERNET
Internet/Electronic Commerce
High Speed Data Transfer

DATA/INTERNET
Internet Browsing
Internet Telephony
VIDEO
Home Shopping

High Definition Television
Interactive Video

mTelecommunications 8



WORLDWIDE MARKET FOR ACCESS EQUIPMENT*
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Source: Merrill Lynch analysis

* Includes: Digital Loop Carriers, access multiplexers, access cross-connect,
and equipment enabling xDSL, ISDN, HFC, FTTC, and FITL.
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LOCAL LOOP EQUIPMENT SPENDING
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ADC’s STRONG POSITION IN LAST MILE
VOICE o VIDEO
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ADC’s PRODUCT GROUPS

1997 Sales
Product Groups @mitiony Major Products
Broadband Connectivity Copper, Fiber, DWDM,
Broadcast and Wireless
Connections and

Soneplex, Cellworx,
Kentrox, CellS an___
Homeworx, DV6000,
L ISX, Pathworx
Systems Design,
Implementation, Software,
Support and SoftXchange
CityWide, Metrica,
NewNet

Business Broadband $321 |
Residential Broadband $181

System Integration $ 86

Wireless Systems

{11 = Telecommunications
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ADC TELECOMMUNICATIONS. INC.

TYPES AND APPLICATIONS OF xDSL TECHNOLOGIES

XDSL Type Bandwidth | Pairs Reach Applications | Equipment | Deployment
Cost status
IDSL- <128Kbps | One pair 18,000 feet | ISDN $200- In full-scale
standards symmetric Private line, | 350/end deployment
based data
capability,
ISDN
service
HDSL- 1.544Mbps | Two pairs 12,000 feet | T1 based $400-600 a | In full-scale
standards symmetric services link deployment
based including-
Frame relay,
ISDN PRI,
private line,
local access,
ATM
SDSL-~ 768Kbps One pair 12000 feet | Fractional $800-1000 | Limited
no standard T1 services, | alink deployment
including
frame relay,
local access
HDSL2- 1.544Mbps | one pair 12,000 feet | T1 based $400-600 a | Early
standards symmetric services link deployment
based including- stage
Frame relay,
ISDN PRI,
private line,
local access,
ATM
ADSL — asymmetric | One pair <18000 Internet $400 per No major
standards <6Mbps feet access end deployment
based downstream s replaced
and by ADSL lite
<1Mbps
upstream
ADSL lite- asymmetric | One pair <18000 Internet- $300 per Limited
standards <1 Mbps feet access end deployment
based downstream s just
and starting
<256Kbps
upstream
VDSL-no Asymmetric | One pair <3000 feet | Video unknown No
standards yet | <6mbps delivery deployment
downstream s
and 500
kbps

upstream




ADC TELECOMMUNICATIONS, INC.
CLASS TYPES OF PRODUCT WITH
“ADVANCED TELECOMMUNICATIONS CAPABILITIES”

Technology Bandwidth Equipment Cost Deployment Status
HFC Circuit- | 128-640 kb/s symmetrical $400-500/sub Full-scale deployment
Switched
telephony
HFC Cable- 27 mb/s downstream 3 mb/s $300-350/sub Full-scale deployment
data modems | upstream
(DOCSIS)
Point-to-Point | 1.5 mb/s symmetrical $3000/end Full-scale deployment
Wireless
45 mb/s symmetrical $10,000/end Full-scale deployment
155 mb/s symmetrical $25,000/end Initial Trials
Wireless 20 mb/s downstream 3 mb/s $400-500/sub Initial Trials

Point-to-multi
point modems

upstream




MARKET SURVEILLANCE
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HOW HDSL WORKS

1.544 Mbps transmission speed

12,000 foot reach without repeaters
36,000 foot reach with HDSL Repeaters
2 copper pairs

Uses adaptive equalization and echo
cancellation technology

OPERATION HDSL-2




MARKET ACCEPTANCE

Less costly to install

Fewer repeaters required
Faster deployment time
Improved BER performance

Over 50% of copper T1 service 1s deployed
using HDSL technology today

OPERATION HDSL-2




MARCHING

TOWARD CHANGE

e Conserve copper pairs

e Make installation even easier

* Improve overall capital savings

A Single Pair Solution

OPERATION HDSL-2




XDSL CHECKLIST

* Data Rate e Noise Margin (Ingress)
— Symmetric vs. Asymmetric — Homogeneous Crosstalk
— Rate-Adaptive — Non-Homogeneous
* Loop Reach Crosstalk
— CSA Plant Model e Spectral Compatibility
. 12kft. with 24 AWG ~ (E8ress)
. Okft. with 26 AWG ~ ° TOTS Splitter
— RRD Plant Model * Latency
— Repeaters * Power Consumption

— Span Power
— Local Power

OPERATION HDSL-2




A NEW WEAPON: HDSL.2

e Full Carrier Service Area (CSA) 12K feet

e Spectral Compatibility with other services
in the same cable

e Vendor Interoperability
e Signal-to-Noise Ratio

OPERATION HDSL-2



A NEW WEAPON: HDSL2

« HDSL2 Requirements
— 1.552 Mbps Symmetric Data Rate (Single Pair)
— 6 dB Noise Margin in Worst Case Crosstalk
— Full CSA Loop Reach
— Latency Less Than 500 microseconds

— Spectrally Compatible with:
« HDSL *T1
e ADSL *ISDN

OPERATION HDSL-2




SDSL-MARKET CONFUSION

* At Least 3 Industry Definitions
— Single loop from two-loop HDSL: 784 Kbps
— Single HDSL Loop with 2X Clock: 1.544 Mbps
— CAP Single Loop: 1.544 Mbps

 SDSL 1s Not the same as HDSL2
— Not CSA loop reach w/ Crosstalk

— Not Spectrally Compatible
— Not ANSI Standard

OPERATION HDSL-2



HOW HDSL2 WORKS

e Optimized Transmission: Sculpted Spectrums
— PAM Line Code
— Maximize Performance

— Minimize Interference

e Powertul Forward Error Correction
— High Coding Gain
— Low Latency

OPERATION HDSL-2



INSIDE THE WAR ROOM

e Agreement to reach consensus at December 1997
ANSI meeting 1in Sacramento

— noise environment, line code, forward error
correction

e Standards approval expected in September 1998

* Presenting HDSL2 at European ETSI Committee
— Also plans for ITU standards drive

OPERATION HDSL-2



ALLIED FORCES

* Spirit of cooperation among major participants
— Level One Communications
— ADC Telecommunications
— Pairgain
— Adtran
— Rockwell
— Globespan

OPERATION HDSL-2




V-DAY

e Chip set development 1n full progress

— IC/System/Software development teams in
place - all are headed by experienced DSL IC
and systems designers

— Product definition/reviews by major players

— First chips available Q4 98
— Trial systems available Q4 98

OPERATION HDSL-2



V=-IDAY

e Chip and system architecure well defined

* High level of integration will be provided in
I st silicon
— Further integration on the road map

e Technology can be extended to other data
rates and applications:

— ETSI E1 2.048/2.320 Mbps data rates
— Residential/SOHO modem applications

OPERATION HDSL-2




e Vendors will integrate HDSL?2 into existing
platforms

e Carriers will use combination of HDSL and
HDSL2 in T1 deployment

— HDSL for longer distances requiring remote
powering

— HDSL2 for short distance or unbundled copper
T1 deliveries

OPERATION HDSL-2
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HDSL2: Let’s Twist Again

HDSL2 - why did we embark on this journey?
2 years in committee - where are we today?
Standards are the key

— ANSI T1E1.4 status report

The Future - where do we go from here?

A

AIR



HDSL2: More to Shout About

e HDSL2 is the same as HDSL, but:
— uses only one pair of copper wires
e HDSL2 targets the majority of T1 applications

— up to 60% of customers are served within
12Kft

e HDSL2 support vendor interoperability
— HDSL is proprietary solution
e HDSL2 is spectrally friendly




HDSL2 Dance Steps

e Optimized Transmission: Sculpted Spectrums
— PAM Line Code
— Maximize Performance
— Minimize Interference

e Powerful Forward Error Correction
— High Coding Gain
— Low Latency




HDSL2: The Twist

Delivers full duplex (symmetric) T1 payload over
a single copper pair

Full Carrier Serving Area (CSA) loop reach

- 12,000 feet on 24 AWG

5dB noise margin in worst case crosstalk

— Homogeneous Crosstalk
39 ADSL 39 HDSL2
49 HDSL 25 T1

— Non-Homogeneous Crosstalk
24 ADSL + 24 HDSL
24 HDSL +24 T1

A




HDSL2: The Twist

Spectral Compatibility with other services on
the same cable

Line Code
— PAM 16 Level with forward error correction

Latency < 500 microseconds
Span powers remote end
Vendor interoperability




Climbin’ the ANSI Charts

Line Code Evaluation - completed 12/97
Forward Error Correction R&D - completed 12/97
Modulation Innovation - completed 12/97
Physical Medium - completed 9/98

Prototype Products - 4th quarter 1998




Climbin’ the ANSI Charts

e Status 12/98

— Operations, Administration, Maintenance
and Provisioning (OAM&P)

— Span Power
e Standard Document Preparation - 3/99
* Ballot - 1st Quarter 1999 A

AIR



The Last Dance

e Chip sets announced by ADC/Level One 10/98
— ADC validated and tested chips in their lab
e Prototype products to be delivered 4Q98

— validate HDSL2 performance in live carrier
environments

— product shipments to follow A




HDSL2: You'll Twist and Shout

Defers copper exhaustion in the exploding T
market

— Reduces the requirements to bury new cable
— Extends life expectancy of copper plant
Lowers monthly facility deployment costs
Interoperability creates freedom for carriers

Maintains high quality of service A
established by HDSL




The Beat Goes On

T1 Growth

1988 1989 1990 1991 1992 1993 1994 1995 1996




Rockin’ the Bottom Line

T1s continue to grow at greater than 30%
10-20% of ILECs total revenues

25% of ILECs total profits

T1 ILEC prices have increased over the |ast
12 months

Area of future competition in A
the local loop

AIR



