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Abstract

This standard presents the electrical characteristics of the Asymmetric Digital Subscriber Line
(ADSL) signals appearing at the network interface. The physical interface between the network
and the customer installation is also described. The transport medium for the signals is a single
twisted-wire pair that supports both Message Telecommunications Service (POTS) and full-duplex

(simultaneous two-way) and simplex (from the network to the customer installation) digital ser-
vices.

This interface standard provides the minimal set of requirements for satisfactory transmission
between the network and the customer installation. Equipment may be implemented with addition-
al functions and procedures.
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Foreword (This foreword is not part of American National Standard T1.413-1995.)

This specification of the layer 1 characteristics of the Asymmetrical Digital
Subscriber Line (ADSL) interface to metallic loops was initiated under the
auspices of the Accredited Standards Committee on Telecommunications,
T1. The specification should be of interest and benefit to network providers
and customers using multimedia services.

A single twisted pair of telephone wires is used to connect two ADSL units:
one at the central office end (an ATU-C) and one at the remote end (an
ATU-R). This standard has been written to define the transport capability
of these units on a wide variety of wire pairs and with typical impairments,
and to help ensure proper interfacing and interworking when the two units
are manufactured and provided independently.

The ADSL simultaneously conveys all of the following: a downstream simplex
bearer, a duplex bearer, a baseband analog duplex channel, and ADSL line
overhead for framing, error control, operations, and maintenance. Nominal
downstream bearer rates from 1.536 to 7 Mbit/s may be programmed. Duplex
bearer aggregate rates from 16 to 640 kbit/s may be programmed.

Two categories of performance are specified. Category | performance is
required for compliance with this standard; performance enhancement
options are not required for category | equipment. Category |l is a higher
level of performance (i.e., longer lines and greater impairments), Category
Il characteristics are not required for compliance with this standard. Three
optional enhancements - trellis coding, transmit power boost, and echo
cancellation — are defined for Category Il equipment.

A future issue of this standard may address the items listed in annex J.

There are nine annexes to this standard; four are normative, and are con-
sidered part of the standard; five are informative, and are provided for
information only.

Suggestions for improvements of this standard are welcome. They should
be sent to the Alliance for Telecommunications Industries Solutions, 1200
G Street, NW, Suite 500, Washington, DC 20005.

This standard was processed and approved for submission to ANSI by
Accredited Standards Committee on Telecommunications T1. Committee
approval of the standard does not necessarily imply that all committee
members voted for its approval. At the time it approved this standard, com-
mittee T1 had the following members:

A. K. Reilly, Chairman
G. H. Peterson, Vice-Chairman
0. J. Gusella, Jr., Secretary

R. Welborn, Senior Editor
J. Bingham, Technical Editor

Organization Represented Name of Representative

EXCHANGE CARRIERS

Ameritech Services, INC.........c..c..ccviiiiiiciiciciinieseneenennnLaurence A. Young
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AMERICAN NATIONAL STANDARD ANSI T1.413-1995

American National Standard
for Telecommunications —

Network and Customer Installation Interfaces —
Asymmetric Digital Subscriber Line (ADSL) Metallic

Interface
1 Scope and purpose
1.1 Scope

This standard describes the interface between the telecommunications network and the customer
installation in terms of their interaction and electrical characteristics. The requirements of this
standard apply to a single asymmetric digital subscriber line (ADSL). ADSL allows the provision
of Plain Old Telephone Service (POTS) and a variety of digital channels. In the direction from the
network to the customer premises the digital channels may consist of full duplex low-speed
channels and simplex high-speed channels; in the other direction only low-speed channels are
provided.

The transmission system is designed to operate on two-wire twisted metallic cable pairs with
mixed gauges. The standard is based on the use of cables without loading coils, but bridged taps
are acceptable with the exception of unusual situations,

Functions included in the Service Modules, other than those associated with the ATU-R to
Service Module interface, are beyond the scope of this standard.

Specifically, this standard:

— describes the transmission technique used to support the simultaneous transport of
POTS and both simplex and full-duplex digital channels on a single twisted-pair;

— defines the combined options and ranges of the digital simplex and full-duplex
channels provided;

—_defines the line code and the spectral composition of the signals transmitted by both
ATU-C and ATU-R;

- specifies the receive signals at both the ATU-C and ATU-R;
— describes the electrical and mechanical specifications of the network interface:
— describes the organization of transmitted and received data into frames:
- defines the functions of the operations channel;
- defines the ATU-R to service module(s) interface functions.
1.2 Purpose

This interface standard defines the minimal set of requirements to provide satisfactory
simultaneous transmission between the network and the customer interface of POTS and a
variety of high-speed simplex and low-speed full duplex channels. The standard permits network
providers an expanded use of existing copper facilities. All Layer 1 aspects required to ensure
compatibility between equipment in the network and equipment at a remote location are specified.
Equipment may be implemented with additional functions and procedures,
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ANS! T1.413-1995
2 Normative references

The following standards contain provisions that, through reference in this text, constitute
provisions of this American National Standard. At the time of publication, the editions Indicated
were valid. All standards are subject to revision, and parties to agreements based on this
American National Standard are encouraged to investigate the possibility of applying the most
recent editions of the standards indicated below.

ANSI T1.231-1993; Telecommunications - In-service Layer 1 digital transmission performance
monitoring

ANSI T1.401-1993; Telecommunications - Interface between carriers and customer installations
- Analog voice-grade switched access lines using loop-start and ground-start signaling.

ANSI T1.601-1992, Telecommunications — Integrated Services Digital Network (ISDN) — Baslc
access interface for use on metallic loops for application on the network side of the NT (Layer 1
specification)

ANSVEIA/TIA-571-1991, Environmental considerations for telephone terminals

ANSI/EIA RS-422A-1978, Electrical characteristics of balanced voltage digital interface circuits,
1978

IEEE Standard 455-1985, Test procedures for measuring longitudinal balance of telephone
equipment operating in the voice band !

Technical Report No. 28, A Technical Report on High-bit rate digital subscriber lines, Committee
T1-Telecommunications, February 19942

" Available from IEEE, 445 Hoes Lane, Piscataway, NJ 08855-1331.

2 Available from Alliance for Telecommunications Industry Solutions, 1200 G Street, NW, Suite 500,
Washington, DC 20005.
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3 Definitions, abbreviations, acronyms and symbols

3.1 Definitions

3.1.1 aggregate data rate: data rate transmitted by an ADSL system in any one direction; it
includes both net data rate and data rate overhead used by the system for crc, eoc,
synchronization of the various data streams, and fixed indicator bits for OAM; it does not include
FEC redundancy.

3.1.2 bearer channel: a user data stream of a specified data rate that is transported
transparently by an ADSL system, and carries a bearer service; sometimes abbreviated to
bearer,

3.1.3 bearer seorvice: the transport of data at a certain rate without regard to its content,
structurs, or protocol.

: 3.1.4 bridged taps: sections of unterminated twisted-pair cable connected in parallel across the
. cable under consideration.

3.1.5 Category I: a default set of requirements that shall be met by all compliant equipment.

3.1.6 Category ll: an enhanced set of requirements that may be met by the provision of certain
options.

3.1.7 channelization: allocation of the net data rate to bearer channels.
3.1.8 downstream : ATU-C to ATU-R direction.

3.1.9 loading coils: inductors placed in series with the cable at regular intervals in order to
improve the voice-band response.

3.1.10 net data rate: total data rate that is available to user data in any one direction; for the
downstream direction this is the sum of the net simplex and duplex data rates.

3.1.11 splitter: a low-pass/high-pass pair of filters that separate high (ADSL) and low (POTS)
frequency signals.

3.1.12 transport class: the set of bearer channel data rates and multiplex configurations that
may be simultaneously transported on a given loop, based on the maximum aggregate data rate
supported by that loop.

3.1.13 upstream: ATU-R to ATU-C direction

32 Abbreviations, acronyms and symbols

ADC analog to digital converter
ADSL asymmetric digital subscriber line
AEX byte inserted in the transmitted ADSL frame structure to provide synchronization
capacity that is shared among ASX channels
AGC automatic gain control
aoc ADSL overhead control channel
AS0-3 downstream simplex sub-channel designators
ASX any one of the simplex channels AS0 to AS3
ATM asynchronous transfer mode
ATU-C ADSL transceiver unit, central office end
ATU-R ADSL transceiver unit, remote terminal end
B the number of bytes in a data stream allocated to the fast (i.e., non-interleaved)
buffer
3
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B, the number of bytes in a data stream allocated to the interieaved buffer

BRA basic rate access

a customer installation

co central office

CSA carrier serving area

CSA loops a set of loops within the CSA that are defined by T1 technical report TR-028—
1994

crc-8f cyclic redundancy check using CRC-8 code — fast data

cre-8i cyclic redundancy check using CRC-8 code — interleaved data

DAC digital to analog converter

dBm dB milliwatt; 0 dBm = 1 milliwatt

DMT: discrete multitone

DSL digital subscriber line

EC echo canceling

eoc embedded operations channel

ERL echo return loss, as defined by IEEE Std 743-1984

es errored second

FDM frequency-division muitiplexing

febe-f far-end block error count — fast data

febe-i far-end block error count — interleaved data

fece-f forward error correction count — fast data

fece-i forward error correctlon count - interleaved data

FEC: forward error correction

FEXT far-end cross talk

HDSL high-rate digital subscriber line

ib0 — 23 indicator Bit(s)

ID code vendor identification code

IDFT inverse discrete fourier transform

{SDN Integrated Services Digital Network

ISDN -BRA  ISDN basic rate access

kbit/s kilo bits per second

LEX byte inserted in the transmitted ADSL frame structure to provide synchronization
capacity that is shared among LSX and ASX channels

lof loss of frame

lopr loss of power

los loss of signal

LSO ~2 duplex sub-channel designators

ms millisecond

NI network interface

N number of bytes in a fast mux data frame

Nep) number of bytes in an interleaved mux data frame

NEXT near-end cross talk

OAM operations, administration and maintenance

oSl open systems Interconnection (7 layer model)

POTS plain old telephone service (also known as message telecommunications service,
MTS)

PRD pseudo-random downstream

PRU pseudo-random upstream

PSD power spectral density

PSTN public switched telephone network

PRBS pseudo-random bit sequence

Pyt number of FEC parity bytes for fast buffer

P number of FEC parity bytes for interleaved buffer

QAM quadrature amplitude modulation

rdi remote defect indication

RT remote terminal

sc0-7 synchronization control bit(s)

sef severely errored frame

sefs severely errored frame second

SINAD signal-to-noise plus distortion (ratio)

M service module
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SONET synchronous optical network

SRL singing return loss, as defined by IEEE Std 743-1984

SRL low SRL in a band from approximately 260 to 500 Hz

SRL high SARL In a band from approximately 2200 to 3400 Hz

STM synchronous transfer mode

T-SM interface(s) between ATU-R and SM(s)

U-C: loop interface - central office end

U-R loop interface — remote terminal end

vDoT video dial tone

v logical interface between ATU-C and a digital network element such as one or

more switching systems

VIP video information provider

4QAM 4-point QAM (i.e., two bits per symbol)

®: exclusive-or; modulo-2 addition
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4 Reference models
4.1 System reference model

The system reference model shown in figure 1 illustrates the functional blocks required to
provide ADSL service.
Cl

distribution

v
| T
Digital 1 M
‘n otwork | | ATU-C ATU-R
M

I |

Splitter |1 Splitter

psTN—— U-C R POTS

NOTES
1 The Vinterface Is defined in terms of logical functions; not physical.
2 The Vinterface may consist of interface(s) to one or more switching systems.

3 Implementation of the V and T g, interfaces is optional when interfacing elements are integrated Into
a common element.

4  The splitter function may be integrated into the ATU.

5 A digital carrler facility (e.g., SONET extension) may be interposed at the V interface when the
ATU-C is located at a remote site.

6 The nature of the Cl distribution (e.g., bus or star, type of media) is for further study.

7 More than one type of T, interface may be defined, and more than one type of T-sm interface may
be provided from an ATU-R.

8 Due to the asymmetry of the signals on the line, the transmitted signals shall be distinctly specified
at the U-R and U-C reference points.

9  Afuture issue of this standard may deal with Cl distribution requirements.

Figure 1 = ADSL functional reference model
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