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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 adadltion-
al functions and procedures.
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American Approvalof an American National Standard requiresverification by ANSIthat the
National requirements for due process, consensus, and other criteria for approval have

been metby the standards developer.
Standard

Consensusis established when, in the judgment of the ANS! Board of Standards
Review, substantial agreement has been reached by directly and materially
affected interests. Substantial agreement means much more than a simple
majority, but not necessarily unanimity. Consensus requires that all views and
objections be considered, and that a concerted effort be made toward thelr
resolution.

The use of American National Standards is completely voluntary; their existence
does not in any respect preclude anyone, whether he has approved the
standards or not, from manufacturing, marketing, purchasing, or using products,
processes, or procedures not conforming to the standards.

The American National Standards Institute does not develop standards andwill in
no circumstances give an interpretation of any American National Standard.
Moreover, no person shall have the right or authority to issue aninterpretation of
an American National Standard in the name of the American National Standards
Institute. Requests for interpretations should be addressedto the secretariat or
sponsor whose nameappearsonthetitle page of this standard.

CAUTION NOTICE: This American National Standard may be revised or
withdrawn at any time. The procedures of the American National Standards
Institute require that action be taken perlodically to reaffirm, revise, or withdraw
this standard. Purchasers of American National Standards may receive current
information on all standards bycalling or writing the American National Standards
Institute.

 
 
  

  
  

  

NOTE — The user's attention Is called to the possibility that compliancewith this standard may require use of
an invention covered by patentrights.
By publication of this standard, no position is taken with respectto the validity of this claim or of any patent
rights in connection therewith. The patent holder has, however,filed a statement of willingness to grant a
license underthese rights on reasonable and nondiscriminatory terms and conditions to applicants desiring
to obtain such a license. Details may be obtained from the publisher.
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Foreword (This forewordis 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 wasinitiated 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 oneat 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 conveysall of the following: a downstream simplex
bearer, a duplex bearer, a baseband analog duplex channel, and ADSLline
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 | performanceis
required for compliance with this standard; performance enhancement
options are not required for category | equipment. Category Il 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 addressthe itemslisted in annex J.

There are nine annexesto 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
O. J. Gusella, Jr., Secretary

R. Welborn, Senior Editor
J. Bingham, Technical Editor
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Roger Nucho(Alt.)
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AMERICAN NATIONAL STANDARD ANSI T1.413-1995

American National Standard
for Telecommunications —

Network and CustomerInstallation 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 termsof their interaction and electrical characteristics. The requirements ofthis
standard apply to a single asymmetric digital subscriberline (ADSL). ADSLallowsthe provision
of Plain Old Telephone Service (POTS)and a variety of digital channels. In the direction from the
network to the customer premisesthe 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 useof 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 Moduleinterface, are beyond the scopeof this standard.

Specifically, this standard:

~ describes the transmission technique used to support the simultaneoustransport of
POTS and both simplex andfull-duplex digital channels on a single twisted-pair;

- defines the combined options and ranges ofthe digital simplex andfull-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 theelectrical 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.

12 Purpose

This interface standard defines the minimal set of requirements to provide Satisfactory
simultaneous transmission between the network and the customerinterface of POTS anda
variety of high-speed simplex and low-speed full duplex channels. The standard permits network
providers an expandeduseof existing copperfacilities. All Layer 1 aspects required to ensure
compatibility between equipment in the network and equipmentat a remote location are specified.
Equipment may be implemented with additional functions and procedures,
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2 Normative references

The following standards contain provisions that, through reference in this text, constitute
provisionsof this American National Standard. At the time of publication, the editions Indicated
werevalid. All standards are subject to revision, and parties to agreements based onthis
American National Standard are encouragedto 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 customerinstallations
- Analog voice-grade switched accesslines using loop-start and ground-start signaling.

ANSI T1.601-1992, Telecommunications — integrated Services Digital Network (ISDN) — Basic
accessinterface for use on metallic loops for application on the network side of the NT (Layer1
specification)

ANSVVEIA/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
equipmentoperating in the voice band 1)

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

1) Available from IEEE, 445 HoesLane, 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 onedirection;it
includes both net data rate and data rate overhead used by the system for crc, eoc,
synchronization of the various data streams, andfixed 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 service: the transport of data at a certain rate without regard to its content,
structure, 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 Il: an enhanced set of requirements that may be metby the provision of certain
options.

3.1.7 channelization: allocation of the net data rate to bearer channels.

3.1.6 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-passpair 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 datarate
supported by that loop.

3.1.13 upstream: ATU-R to ATU-C direction

3.2 Abbreviations, acronyms and symbols

ADC analog to digital converter
ADSL asymmetric digital subscriber line
AEX byte inserted in the transmitted ADSL framestructure to provide synchronization

capacity that is shared among ASX channels
AGC automatic gain control
aoc ADSLoverhead control channel

ASO -3 downstream simplex sub-channel designators
ASX any oneof the simplex channels ASO to AS3
ATM asynchronoustransfer mode
ATU-C ADSLtransceiver unit, central office end
ATU-R ADSLtransceiver unit, remote terminal end
B the numberof bytesin a data stream allocatedto the fast(i.e., non-interleaved)

buffer

3
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B|
BRA
a
co
CSA

CSAloops

cre-6f
cre-8i
DAC
dBm
DMT:
DSL

EC
eoc

ERL
es

FDM

febe-f
febe-i
fecc-f
fecc-i
FEC:

FEXT
HDSL
ibd — 23
ID code
IDFT
ISDN
ISDN - BRA
kbit/s
LEX

lof

lopr
los
LSO-2
ms

Ni

Nmf

mi
NEXT
OAM
OS!
POTS
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the numberof bytes in a data stream allocatedto the interleaved buffer
basic rate access
customer installation
centraloffice

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

cyclic redundancy check using CRC-8 code — fast data
cyclic redundancy check using CRC-8 code — interleaved data
digital to analog converter
dB milliwatt; 0 dBm = 1 milliwatt
discrete multitone

digital subscriberline
echo canceling
embedded operations channel
echoreturn loss, as defined by IEEE Std 743-1984
errored second

frequency-division multiplexing
far-end block error count — fast data
far-end block error count — interleaved data
forward error correction count — fast data
forward error correction count —- interleaved data
forward error correction
far-end cross talk

high-rate digital subscriberline
indicator Bit(s)
vendoridentification code
inverse discrete fourier transform

Integrated Services Digital Network
ISDN basic rate access

kilo bits per second
byte inserted in the transmitted ADSLframe structure to provide synchronization
capacity that is shared among LSX and ASX channels
loss of frame

loss of power
loss of signal
duplex sub-channel designators
millisecond

networkinterface

numberof bytes in a fast mux data frame
numberof bytes in an interleaved mux data frame
near-end crosstalk

operations, administration and maintenance
open systemsInterconnection (7 layer model)
plain old telephone service (also known as message telecommunications service,
MTS)
pseudo-random downstream
pseudo-random upstream
powerspectral density
public switched telephone network
pseudo-random bit sequence
numberof FEC parity bytesfor fast buffer
numberof FEC parity bytes for interleaved buffer
quadrature amplitude modulation
ramote defect indication
remote terminal

synchronization control bit(s)
severely errored frame
severely errored frame second
signal-to-noise plus distortion (ratio)
service module

Order Number: W180678.
Sold to:MICHAELJ NEWTON [029940100004] - MIKE NEWTON@ALSTON.COM,Nal for Resale,2016-02-12 18:06:09 UTC

Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 20



Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 21

ANST TL-413 95 MM 0724150 0526108 30T

ANSI T1.413-1995

SONET synchronousoptical network
SRL singing return loss, as defined by IEEE Std 743-1984
SRLlow SRLin a band from approximately 260 to 500 Hz
SRL high SRLIn 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
VDT video dial tone

Vv logical interface between ATU-C anda 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

41 System reference model

The system reference model showninfigure 1 illustrates the functional blocks required to
provide ADSLservice.

Cl

distribution

 
NOTES

1 The V interface Is defined in terms of logical functions; not physical.

2 ‘The V interface may consistof interface(s) to one or more switching systems.

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

4 Thesplitter function may be integrated into the ATU.
5 Adigital carrlerfacility (e.g., SONET extension) may be interposed at the V interface when the
ATU-Cis located at a remotesite.

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

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

8 Dueto 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 A future issue of this standard may deal with Ci distribution requirements.

Figure 1 — ADSLfunctional reference model
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42 ATU-C transmitter reference model

Figure 2 Is a block diagram of an ADSL Transcelver Unit-Central office (ATU-C) transmitter
showing the functional blocks and interfaces that are referencedin the following clauses.

| |

ASO

AS1

AS

sync
ASS! control Tone

ordering
LSO

LS1
inter-

LS2 laaver

  
    parallel/

serial
buffer

 

 
 
  

| |

| |

|

| |

| |

| |

| |

| |

| |

| |

Reference ponits: A B Cc Xq
Mux FEC output Constellation k=0 to 255

dataframe data frame encoderinput
DAC and analog
signal processing

data frame

Figure 2 - ATU-C transmitter reference diagram
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43 ATU-R transmitter reference model

Figure 3is a block diagram of an ATU-R transmitter showing the functional blocks and interfaces
that are referencedin the following clauses.
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LSO Mux/
sync parallel/

LS1 control Tone serial
 

ordering  buffer
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|

|

|
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 A Cc

Mux FEC output Constellation k=0to 31
data frame data frame encoderinput

data frame

Reference ponits:

 
 
  

DAC and analog
signal processing

Figure 3 — ATU-R transmitter reference diagram
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5 Transport capacity

An ADSL system maytransport up to seven bearer channels (bearers) simultaneously:
— up to four independent downstream simplex bearers (unidirectional downstream);
— up to three duplex bearers (bi-directional, downstream and upstream).

The three duplex bearers may alternatively be configured as independent unidirectional simplex
bearers, and the rates of the bearers in the two directions (downstream and upstream) do not
need to match.

All bearer channel data rates can be programmedin any combination of multiples of 32 kbit/s.
Other data rates (non-integer multiples of 32 kbit/s) can also be supported,but will be limited by
the ADSLsystem's available capacity for synchronization (see notes 1 and 2).

Four transport classes are defined for the downstream simplex bearers based on multiplesof
1.536 Mbit/s up to 6.144 Mbit/s. Data rates are also defined for duplex bearers to carry a control
channel and ISDN channels (basic rate and 384 kbit/s). The ADSL data multiplexing formatis
flexible enough to allow other transport data rates, such as channelizations based on existing
1.544 or 2.048 Mbit/s formats, and to allow definition of other channelizations in the future in
order to accommodate evolving Synchronous or Asynchronous Transfer Modes (STM or ATM)
network formats (singly or in combination).

The maximum net data rate transport capacity of an ADSL system will depend on the
characteristics of the loop on which the system is deployed and on certain configurable options
that affect overhead (see note 3).

Each bearer channelshall be individually assigned to an ADSL sub-channelfor transport, and the
ADSLsub-channelrate shall be configured during theinitialization and training procedure to
matchthe bearerrate.

The transport capacity of an ADSL system per seis defined only as that of the high-speed data
streams, When, however, an ADSL system is installed on a line that also carries POTSsignals
the overall capacity is that of POTS plus ADSL (see clauses 8 and 10 for details on POTS related
requirements).

NOTES

1 Part of the ADSL system overhead is shared among the bearer channels for synchronization. The
remainder of each channel's data rate that exceeds a multiple of 32 kbit/s shall be transportedin this
shared overhead.

2. The rates for the downstream simplex bearer channels are based on unframed 1.536 Mbit/s structures
in order to be consistent with the expected evolution of network switching. ADSL deployments may need
to interwork with DS1 (1.544 Mbit/s) data. The ADSL system overhead and data synchronization (see
6.2.2) provides enough capacity to support the framed DS1 data streamstransparently(i.e., the entire
DS1 signal is passed through the ADSL transmission path without interpretation or removal ofthe framing
bits and other overhead).

3 One part of the ADSLinitialization and tralning sequence estimates the loop characteristics to
determine whether the numberof bytes per Discrete MultiTone (DMT) frame required for the requested
configuration's aggregate data rate can be transmitted across the given loop. The netdata rateis then the
aggregate data rate minus ADSL system overhead. Part of the ADSL system overhead is dependent on
the configurable options, such asallocation of user data streamsto interleaving or non-interleaving data
buffers within the ADSL frame (discussed in 6.2, 6.4.2, 7.2, and 7.4.2), and part ofit is fixed.

5.1 Simplex bearers

Simplex bearers in the downstream direction are specified herein; the use of upstream simplex
bearersis for further study.
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5.1.1 Data rates for downstream simplex bearers based on multiples of 1.536 Mbit/s

The default data rates for the four possible simplex bearer channels that may be transported
downstream over an ADSLsystem are

— 1.536 Mbit/s;
- 3.072 Mbit/s;
— 4,608 Mbit/s;
— 6.144 Mbit/s.

The ADSL system may use up to four sub-channels, named ASO, AS1, AS2, and AS3,to
transport the downstream simplex bearer channels. An ADSL sub-channel's rate shall match the
rate of the bearer channelthatit transports, subject to the restrictions given in table 1.

Table 1 —- ADSL sub-channe!rate restrictions for default bearer rates

Sub-channel

designations Sub-channel data rate Allowed values of n. 
  

 x

pastsx506MBs|y=0.1,2,0r3|

passim,x1536MBS|m=0ort
NOTE — Rates equivalentto multiple DS1s are also supported.  

The maximum number of sub-channels that may be active at any given time and the maximum
numberof bearer channels that can be transported simultaneously by an ADSL system will
depend onthe transport class (as described in 5.1.1.1 through 5.1.1.4) that can be supported by
the specific loop and on the configuration of the active sub-channels. Switching on demand
amongthe configurations allowed by a given transport classis for further study.

To comply with this standard the ASO sub-channelandat least transport classes 1 (5.1.1.1) and
4 (5.1.1.4) shall be supported, Support of sub-channels AS1, AS2, AS3, and transport classes2,
3, and 2M is optional.

5.1.1.1 Downstream simplex bearer configurations for transport class 1 (shortest range,
highest capacity)

The net simplex bearer capacity on transport class 1 is 6.144 Mbit/s, which may be composedof
any combination of one to four bearer channels with n x 1.536 Mbit/s rates. Systems shall
support at least a 6.144 Mbit/s bearer channel on sub-channel ASO. The following transport class
1 configurations are optional:

one 4.608 Mbit/s bearer channel and one 1.536 Mbit/s bearer channel;
two 3.072 Mbit/s bearer channels;
one 3.072 Mbit/s bearer channel and two 1.536 Mbit/s bearer channels;
four 1.536 Mbit/s bearer channels.

5.1.1.2 Downstream simplex bearer configurations for optiona! transport class 2

The net simplex bearer capacity on transport class 2 is 4.608 Mbit/s, which may be composedof
any combination of one to three bearer channels with n x 1.536 Mbit/s rates. Systems,at their
option, may provide any andall bearer rates. Transport class 2 configuration optionsare:

— one 4.608 Mbit/s bearer channel;
— one 3.072 Mbit/s bearer channel and one 1.536 Mbit/s bearer channel;
- three 1.536 Mbit/s bearer channels.

ADSL sub-channel AS3 shall not be usedin this configuration.

Copyright American Nalional StandardsInstltule Order Number: W1806785
Provided by IHS underlicensa wilh ANSI Sold to:MICHAEL J NEWTON[029840100001] - MIKE NEWTON@ALSTON.COM,
No repraduclion or nelworking permillad without licange from IHS Notfor Rasale,2016-02-12 18:06:09 UTC

~ Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 26



Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 27

ANST 71-413 95 MM 0724350 0526114 603

ANSI T1.413-1995

5.1.1.3 Downstream simplex bearer configurations for optional transport class 3

The net simplex bearer capacity on transport class 3 is 3.072 Mbit/s, which may be composedof
one or two bearer channels with n x 1.536 Mbit/s rates. Systems,at their option, may provide
either or both bearer rates. Transport class 3 configuration options are:

— one 3.072 Mbit/s bearer channel;
- two 1.536 Mbit/s bearer channels.

ADSL sub-channels AS2 and AS3 shall not be usedin this configuration.

5.1.1.4 Downstream simplex bearer configurations for transport class 4 (longest range,
lowest capacity)

Only one downstream simplex bearer option can be supported in transport class 4. The bearer
channel capacity of one 1.536 Mbit/s bearer channel shall be transported on sub-channel ASO.

5.1.2 Optional data rates for downstream simplex bearers based on multiples of 2.048
Mbit/s

ADSL equipment may include channelization options other than those defined in 5.1.1. For
example, the rate structure outlined in this subclause accommodatesa digital hierarchy based on
multiplies of 2.048 Mbit/s.

This 2.048 Mbit/s rate structure is optional, both in implementation of equipmentandin the
provision of service. Equipmentor service implementation at the 1.536 Mbit/s rate (or multiples)
but not the 2.048 Mbit/s rate wouldstill fully conform to the standard. Information related to 2.048
Mbit/s applications may be found in annex H.

Bearer channels based on 2.048 Mbit/s that may optionally be transported downstream over an
ADSLsystem are

— 2.048 Mbit/s;
~ 4.096 Mbit/s;
— 6.144 Mbit/s.

The entire framed 2.048 Mbit/s structure is treated as a bearer data stream; the use of a lower

payload rate is for further study.

An ADSL system supporting these options may useup to three of the downstream simplex sub-
channels, ASO, AS1, and AS2,to transport the bearer channels. An ADSL sub-channel's rate
shall match the rate of the bearer channel thatit ttansports, subjectto the restrictions given in
table 2.

Table 2 —- ADSL Sub-channelrate restrictions 2.048 Mbit/s (optional)

Sub-channel

designations Sub-channeldata rate Allowable values of n,
A Ny X 2.048 Mbit/s (optional) ;

n, x 2.048 Mbit/s (optional) n,=0, 1, 0r2

Np x 2.048 Mbit/s (optional) n,=Oor1
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The maximum numberof sub-channels that may be active at any given time, and the maximum
numberof bearer channels that can be transported simultaneously by an ADSL system depends
on the transport class (as described in 5.1.2.1 through 5.1.2.3) that can be supported by the
specific loop on which the system is deployed, and the configuration of the active sub-channels.

5.1.2.1 Downstream simplex bearer configurations for optional transport class 2M-1

The simplex bearer capacity on the optional transport class 2M-1 is 6.144 Mbit/s, which may be
composedof any combination of one to three bearer channels with n x 2.048 Mbit/s rates.
Systems,at their option, may provide any and all bearer rates. Transport class 2M-1
configuration options are:

— one 6.144 Mbit/s bearer channel;
— one 4.096 Mbit/s bearer channel and one 2.048 Mbit/s bearer channel;
— three 2.048 Mbit/s bearer channels.

5.1.2.2 Downstream simplex bearer configurations for optional transport class 2M-2

The combined simplex bearer capacity on optional transport class 2M-2 is 4.096 Mbit/s, which
may be composedof one or two bearer channels with nx 2.048 Mbit/s rates. Systems,at their
option, may provide either or both bearer rates. Transport class 2M-2 configuration options are:

— one 4.096 Mbit/s bearer channel;
— two 2.048 Mbit/s bearer channels.

ADSL sub-channel AS2 shall not be usedin this configuration.

5.1.2.3 Downstream simplex bearer configurations for optional transport class 2M-3

Only one downstream simplex bearer option —2.048 Mbit/s transported on ADSL sub-channel
ASO - can be supportedin transport class 2M-3.

5.1.3 Options for transporting downstream simplex ATM data streams

ADSL equipment mayalso provide the capability to transport ATM data as a single downstream
simplex data stream.

If this capability is provided the ADSL bearer channelrates shall be based on
- n x 1.536 Mbit/s user data content, where n =1- 4;
~ AAL1 cell format (ATM Adaption Layer 1), in which each 53-byte ATM cell transports
47 bytes of user data, yielding ATM data cell bit rates of n x 1.536 Mbit/s x 53/47;
— rounding the ATM datacell bit rate up to the nearest integer multiple of 32 kbit/s by
insertion of Idle cells (and possibly OAM cells as suggested by CCITT Rec. 1.610) by an
ATMcell processor on the networkside of the V-interface.

Only the ADSL downstream simplex sub-channel ASO shall be used,resulting in a single
configuration option for the downstream simplex bearer, andits rate depends on the transport
class as specified in table 3.

Table 3 —- Downstream ATM data cell bit rates

Transport class Bearer channel rate ATM datacell bit rate

6.944 Mbit/s 6.928340 Mbit/s

5.216 Mbit/s 5.196255 Mbit/s

3.488 Mbit/s 3.464170 Mbit/s

1.760 Mbit/s 1.732085 Mbit/s
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5.1.4 Upstream simplex bearers

Upstream simplex bearers are for further study.

5.2 Duplex bearers

Up to three duplex bearer channels may be transported simultaneously by an ADSL system. One
of these is the mandatory control (C) channel. Data rates for this channel, which shall always be
active, are specified in 5.2.1.

Depending on the maximum aggregate rate that can be supported on the specific loop and on the
options implemented, specific limitations apply to the other two optional duplex ADSL sub-
channels. Only certain allowed combinations of these may be active in any given configuration;
these are defined in 5.2.2.

5.2.1 Data rates for the control channel (mandatory duplex channel)

The C channel shail transport Cl to Cl(e.g., control of services) and Cl-to-networksignaling(i-e.,
call setup and selection of services) for ihe downstream simplex bearer services, and it may also
transport someorall of the Cl-to-network signaling for the optional duplex services. For transport
classes 4 and 2M-3 the C channelshall operate at 16 kbit/s, and be transported within the ADSL
synchronization overhead (see 6.2); for all other classes it shall operate at 64 kbit/s, and be
transported on ADSL sub-channel LSO.

5.2.2 Data rates for the optional duplex bearer channels

Two optional duplex bearer channels may be transparently transported by an ADSL system,
depending on the service offered by the network provider.

If these bearer channels are transported the sub-channel assignments and data rates shall be:

— ADSLsub-channel LS1 at 160 kbit/s;
— ADSL sub-channe!l LS2 at 384 kbit/s or 576 kbit/s.

The duplex options for the four transport classes are given in table 4.
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Table 4 — Maximum optional duplex bearer channels supported by transport class

Transport class Optional duplex bearers that may be Active
transported (note 1) 7 ADSLsub-

channels

1 or 2M-1 (minimum range) Configuration 1: 16Q kbit/s + 384 kbit/s; LS1, LS2
Configuration 2: 576 kbit/s onl LS2 onl

2, 3 or 2M-2 (mid range) Configuration 1: 160 kbit/s only LS1 only
Configuration 2: 384 kbit/s only (see note 2 LS2 onl

4 or 2M-3 (maximum range 160 kbit/s onl LS1 onl

NOTES a

1 Whenthe 160 kbit/s optional duplex beareris usedto transport ISDN BRA,all signaling assocjated
with the ISDN BRA (160kbit/s) is carried by the D channelof the 2B + D signal embedded In the 160
kbit/s. Signaling for the 576 kbit/s, 384 kbit/s and non-ISON 160 kbit/s duplex bearers may be included in
the C channel, which is shared with the signaling for the downstream simplex bearer channels.
2 Whether transport classes2, 3, or 2M-2 should support the 576 kbit/s optional duplex beareris for
further study.

  
  

  
 

 
 

 
  
  

  
  

 

5.2.3 Options for transporting duplex ATM data streams on the optional duplex channel
LS2

ADSL equipmentproviders mayalso at their discretion, provide the capability to transport an ATM
cell stream on the optional duplex LS2 channel.

If this duplex ATM transport capability is provided, the bearer channel rates shownin table 5 shall
be based on:

— 384 kbit/s or 576 kbit/s user data content;
— AAL1 or AALScell format (ATM Adaption Layer 1: each 53-byte ATM cell transports 47
bytes of user data) yielding ATM data cell bit rates of 384 x (53/47) kbit/s or 576 x
(53/47) kbit/s;
—- rounding the ATM datacell bit rate to the nearest integer multiple of 32 kbit/s by
insertion of idle cells (and possibly OAM cells as suggested by CCITT Recommendation
1.610) by an ATM cell processor on the network side of the V-interface and on the
service module side of the T-interface.

Table 5 — Optional duplex ATM data cell bit rates for LS2

ADSLoptional LS2 channel ATM data cell bit rate
rate

448 kbit/s 443.0213 kbit/s

672 kbit/s 649.5320 kbit/s

— The configuration options for each transport class are based on the default (non-ATM)data rates.
Use of the optional ATM rates may reduce the loop reachorlimit the configuration options possible on
a given loop.

 

53 Combined options

5.3.1 Options for bearer channel rates based on downstream multiples of 1.536 Mbit/s

As specified in 5.1 and 5.2, different ADSL sub-channel and bearer configuration options may be
provided for each of the transport classes. Within a given transport class, the allowable downstream
simplex bearer and duplex bearer configurations may be treated independently. The net data rates
(i.e., maximum bearer capacities) based on multiples of 1.536 Mbit/s for transport classes 1 and 4
(and for optional classes 2 and3if they are provided), shall be as summarizedin table 6.
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Table 6 ~ Bearer channel options by transport class for
bearer rates based on downstream multiples of 1.536 Mbit/s

|____Transportclass:|tT
Downstream simplex bearers:

Maximum capacity

Bearer channel options

Maximum active sub-
channels

Duplex bearers:

Maximum capacity

Bearer channel options

6.144 Mbit/s

1.536 Mbit/s,
3.072 Mbit/s,
4.608 Mbit/s,
6.144 Mbit/s

4 (ASO,AS1,

640 kbit/s

576 kbit/s,
384 kbit/s,
160 kbit/s,
C (64 kbit/s)

4.608 Mbit/s

1.536 Mbit/s,
3.072 Mbit/s,
4.608 Mbit/s

3 (ASO, ASI,

608 kbit/s

see note

384 kbit/s,
160 kbit/s,
C (64 kbit/s)

3.072 Mbit/s

1.536 Mbit/s,
3.072 Mbit/s

2 (ASO, AS1)

608 kbit/s

see note

364 kbit/s,
160 kbit/s,
C (64 kbit/s)

1.536 Mbit/s

1.536 Mbit/s

1 (ASO only)

176 kbit/s

160 kbit/s,
C (16 kbit/s)

Max. active sub-channels|3(LS0,LS1,|2(LSO,LS1)|2(LS0,LS1)|2(LS0,LS1)

NOTE — Whether transport classes 2 or 3 should support the 576 kbit/s optional duplex beareris for
further study.

 
The configuration shall be specified by the B, and B, parameters (described in 6.2, 7.2, and 12.8)
for each bearer channel.

5.3.2 Options for bearer channel rates based on downstream multiples of 2.048 Mbit/s

The maximum bearer capacities for the three possible transport classes for the optional bearer
rates based on 2.048 Mbit/s are summarized in table 7.
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Table 7 — Bearer channeloptions by transport class —- optional bearer rates based on
downstream multiples of 2.048 Mbit/s

|__Transportclass:|M1]M2]MD
Downstream simplex
bearers

Maximum capacity 6.144 Mbit/s 4,096 Mbit/s 2.048 Mbit/s

Bearer channeloptions|2.048 Mbit/s, 2.048 Mbit/s, 2.048 Mbit/s
4.096 Mbit/s, 4.096 Mbit/s
6.144 Mbit/s

Max, active sub- 3 (AS0,AS1,AS2) 2 (ASO,AS1) 1 (ASO only)
channels

Duplex bearers
Maximum capacity 640 kbit/s 608 kbit/s 176 kbit/s

Bearer channel options|576 kbit/s, see note
384 kbit/s, 384 kbit/s,
160 kbit/s, 160 kbit/s, 160 kbit/s,
C (64 kbit/s) C (64 kbit/s) C (16 kbit/s)

Max. active sub- 3 (LSO, LS1,LS2)|2 (LSO,LS1 or 2 (LSO, LS1)
channels

NOTE — Whether transport class 2M-2 should support the 576 kbit/s optional duplex beareris for further

 
The configuration shall be specified by the B, and B, parameters (describedin 6.2, 7.2, and 12.8)

for each bearer channel.

5.3.3 Options for bearer channel options transporting ATM cell streams

For optional bearer rates transporting an ATM cell stream in the downstream simplex channel, up
to four transport classes can be defined. These are roughly equivalent to the default bearer
transport classes. Only one configuration option is expected to be supported by each transport
class: that of the single downstream simplex channel carrying the ATM data and the single
mandatory duplex channelto carry signaling and service control traffic. Equipment and service
providers may optionally provide duplex bearers over loops that can support a higher aggregate
ADSLrate than those representative of the transport classes. The optional ATM bearerrates are
summarized in table 8.
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Table 8 - Bearer channel options by transport class for optional ATM bearer rates

|____Transportclass:JTTCTC
Downstream simplex bearers

Aggregate ATM data cell bit 6.928340 5.196255 3.464170 1.732085
rate Mbit/s Mbit/s Mbit/s Mbit/s

Bearer channelrate 6.944 Mbit/s|5.216 Mbit/s|3.488 Mbit/s|1.760 Mbit/s
(see note 1)
Maximum active 1 (ASO only)|1 (ASO only)|1 (ASO only)|1 (ASO only)
subchannels

Duplex bearers

Maximum capacity 64 kbit/s 64 kbit/s 64 kbit/s 16 kbit/s

Bearer channel options C (64 kbit/s) C (64 kbit/s) C (64 kbit/s) C (16 kbit/s)

Maximum active 1 (LSO) 1 (LSO) 1 (LSO) 1 (LSO)
subchannels (see note 2)

NOTES

1 The bearer channelrate is equal to the ATM data cell bit rate rounded up to the nearest integer multiple
of 32 kbit/s (an ATMcell processoron the networkside of the V-interface performs the rate adjustmentby
inserting idle cells),

2 The 16 kbit/s C channelis carried entirely within the synchronization overhead as described in 6.2; the
LSO sub-channel does not appearas a separate byte within the ADSL frame.

 
54 ADSL system overheads and aggregatebit rates

The aggregate bit rate transmitted by the ADSL system shall include capacity for the following:
— the transported simplex bearer channels;
~ the transported duplex bearer channels;
— ADSL system overhead, which includes:

~— capacity for synchronization of the simplex and duplex bearers;
- synchronization control for the bearers transported with interleaving delay (interleave
data buffer) and with nointerleaving delay ("fast", or low-latency, data buffer);
- an ADSL embedded operations channel, eoc (see note );
- an ADSL overhead control channel, aoc (for on-line adaptation and reconfiguration,
as described in clause 13);
- crc check bytes;
— fixed Indicatorbits for OAM (Operations, Administration and Maintenance);
—- FEC redundancybytes.

NOTES

1 For the downstream simplex bearer rates based on 1.536 Mbit/s, the maximum capacity
available to eoc is approximately 23.7 kbit/s for transport classes 1, 2, and 3, and
approximately10.7 kbit/s for transport class 4. Actual eoc capacities will depend on the bearer
channelrates and the data synchronization implementation.

2 In addition to the digital transport listed throughoutthis clause, the ADSL shall also permit the
transport of POTS as a baseband analogsignal.
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The organization of all the above data streams into ADSLframes and ADSL superframesshall be
as givenin 6.2 for the downstream data transmitted and in 7.2 for the upstream data.

The internal overhead channels andtheir rates shall be as shownintable 9.

Table 9 — Internal overhead channelfunctions and rates

Downstream rate Upstream rate
maximum / minimum / default maximum / minimum / default 

 
  

 

  

 

 
  
  
  

  

 
 

  
 

 
 
 
 
 

  

 
 
  

2M-2 (minimum range loop)

64 / 32 / 64 64/32/64

(see nate 3) kbit/s kbit/

Synchronization control

Transport classes|Transport class 4 Transport classes|Transport class 4
1, 2, 3, 2M-1, or or 2M-3 (maximum}1, 2, 3, 2M-1, or or 2M-3 (maximum
2N-2 (minimum range loop)
and mid range and mid range
oops loops

Synchronization
capacity, shared among|128/64/96 kbit/s|96/64/96 kbit/s
all bearers (see note 2)

32 kbit/s 32 kbit/s 32 kbit/s 82 kbit/s
andcre,interleave
buffer

 

S

Synchronization control|32 kbit/s 32 kbit/s 32 kbit/s 32 kbit/s
andcro,fast buffer, plus
eoc andindicatorbits

192/128 / 160 160/128 / 160 4128/96 /128
kbit/s kbit/s kbit/s kbit/s

NOTES
 
 
 

  
  

 1 The overhead required for FEC is not shownin this table.

2 The shared synchronization capacity includes 32 kbit/s shared among duplex bearers within the interleave
buffer, 32 kbit/s shared among bearers within the fast buffer, an additional 32 kbit/s shared with downstream
simplex bearers within the interleave buffer, and an additional 32 kbit/s shared with downstream simplex
bearers within the fast buffer. The maximum rate occurs whenat least one downstream simplex beareris
allocated to each type of buffer; the minimum rate occurs whenall bearers are allocated to one buffer type.
Default rate allocates bearers according to defaults described in 6.2 and assumesthatall optional duplex
bearers are Implemented.

3 Only one downstream simplex beareris available in transport class 4 or 2M-3 (maximum range loops); the
64 kbit/s for synchronization of the simplex bearer to ADSLframing can appearin only one of the ADSLbuffers
(fast or interleaved).

The aggregatetransmitted bit rate will depend onthe transport class and implementation of
optional duplex channels; componentsof the aggregate transmitted bit rate are summarizedin
table 10 for downstream transmission and in table 11 for upstream.
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Table 10 — Determination of aggregate downstream bit rate

    
  

  
  

1.536 or Default bearer channels Optional bearers based
2.048 Mbit/s|(x 1.536 Mbit/s) on 2.048 Mbit/s
bearers see note 1

Transport Transport Transport Transport Transport Transport
class 1 class 2 (see|class3 (see|class 4 class 2M-2 class 2M-3

note 2 note 2 see note 2

  
 

   

  

 

Total
downstream

simplex
6.144 Mbit/s|4.608 Mbit/s|3.072 Mbit/s|1.536 Mbit/s|4.096 Mbit/s|2.048 Mbit/s

Duplex C 64 kbit/s 64 kbit/s 64 kbil/s (see note 3)
channel

Totalfor 0, 160, or 0, 160, or 0 or 160
384 kbit/s 384 kbit/s kbit/soptional

duplex     
  
  
  
 

Total bearer 6.208-6.784|4.672-5.056|3.136-3.520|1.536-1.696|4.160-4.544|2.048-2.208
channel Mbit/s Mbit/s Mbit/s Mbit/s Mbit/s Mbit/s
capaci see note 5 ‘see note 5
Overhead 128-192 128-192 128-192 128 - 160 128 -— 192 128 -— 160
range(from kbit/s kbit/s kbit/s kbit/s kbit/s kbit/s  

 table 9 
 

    6.336-6.976|4.800-5.248|3.264-3.712|1.664-1.856  Aggregate 2.176-2.368
rate range
(typical)

4.288-4.736

 
 1 The optional transport class 2M-1 for bearers based on 2,048 Mbit/s has the same combinedrates as

the default transport class 1.
 
 

  
 2 If it is determined that transport classes 2, 3, and 2M-2 can support the 576 kbit/s optional duplex bearer,

then the maximum total bearer channel capacity and maximum aggregaterate will increase by 32 kbit/s for
these classes. 

 3 The 16 kbit/s duplex C channel Is transportedentirely within the overhead dedicated to synchronization
capacity.  
 4 544 kbit/s is required when a 160 kbit/s and a 384 kbit/s optional duplex bearer are both included. 
 5 The duplex C channelIs not included in total bearer channelrates for transport classes 4 and 2M-3;it is

included In the overhead,  
   6 The overhead required for FEC is not shownin thls table.
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Table 11 —- Determination of aggregate upstream bit rate

Transport class 1 Transport classes 2, 3
or 2M-1 or 2M-2 or 2M-3

see note 1

bearers kbit/s (see note 3

capac

Overhead range (irom 96 — 128 kbit/s 96 — 128 kbit/s 96 — 128 kbit/s
table 9

Aggregate rate range 160 — 768 kbit/s 160 -— 576 kbit/s 96 — 288 kbit/s
ynical 768 kbit/s} 576 kbit/s 288 kbit/s

NOTES

   
 

 
 

  
 
 

 

 
   
 
 

 1 If itis determined that transport classes 2, 3, and 2M-2 can support the 576 kbit/s optional duplex
bearer, then the maximum total bearer channel capacity and maximum aggregateratewill increase by 32
kbit/s for these classes. 

  2 For transport classes 4 and 2M-3, the duplex C channelis 16 kbit/s; this is not includedin thetotal
bearer channel rates becauseit is transported entirely within the overhead dedicated to synchronization
capacity.

3 544 kbit/s obtained when both optional duplex bearers are included.

 
 

  uired for FEC |s not shownin this table. 4 The overheadreq
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5.4.1. Aggregate bit rates for transporting ATM cells

The aggregate transmitted bit rate when an ATM data stream is transported depends on the
transport class and allocation of channels to interleaved and non-interleaved data buffers (see
6.2). Components of the aggregate transmitted bit rate are summarizedin table 12.

Table 12 — Determination of aggregate bit rate for ATM transport
(n X 1,536 Mbit/s x 53/47 optional bearer channels)

|Transportclass|1CU2
Total assigned
downstream simplex 6.944 Mbit/s 5.216 Mbit/s 3.488 Mbit/s 1.760 Mbit/s
bearer capacit

Duplex Bearers

Capaci see note 1
128 - 160 128 - 160 128 - 160 128 — 160

table 9, see note 2 kbit/s kbit/s kbit/s kbit/s

Aggregate Rate Range|7.136 to 7.168|5.408to5.440|3.680103.712|1.888 to 1.920
Mbit/s Mbit/s Mbit/s

NOTES

1 The duplex C channelis not includedin total bearer channel rate for Transport Class4;it is included in
the overhead.

2 Maximum overheadis 160 kbit/s for all transport classes because only one downstream simplex channel
is allowed.

 
5.5 Classification by ATU options

Subclause 15.1 describes a further classification, which ties together transport payload and loop
range based upon whetherornot certain options available for the ATU transceivers are used.
Category | describes loop ranges and transport payloads using a basic transceiver with no
options required. Category I! describes loop ranges and transport payloads using options for
trellis coding, power boost, and echo cancellation.
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6 ATU-C functional characteristics

6.1 ATU-C input and output V interfaces

The functional data interfaces at the ATU-C are shownin figure 4. Input interfaces for the high-
speed downstream simplex bearer channels are designated ASO through AS3; input/output
intertaces for the duplex bearer channels are designated LSO through LS2. There may also be a
duplexinterface for operations, maintenance and control of the ADSL system.

The data rates of the input and output datainterfaces at the ATU-C for the default configurations
are specified in this clause. The data rate at a given Interface shall matchthe rate of the bearer
channel configured to that interface.

Thetotal net bearer capacity that can be transmitted in the downstream direction correspondsto
the transport class as described in 5.3; the mix of data rates at the downstream simplex input
interfaces shall be limited to a combination whosenetbit rate does not exceed the net
downstream simplex bearer capacity for the given transport class. Similarly, the rate of the
duplex bearerat the LSOinterface and the availability of the LS1 and LS2 options shall
correspondto the transport class as discussedin 5.3.

(Ngx 1.536 Mb/s)

(7X 1.536 Mb/s)

(ngx 1.536 Mb/s)

(n3x 1.536 Mb/s) 
 

twisted pair
Digital se

network ("C"; 16 or 64 kb/s)

LS1 (160 kb/s)

Operations, maintenance,
and control

NOTE- — — — — Optional duplex channels
(LS1 and LS2)

Figure 4 - ATU-C V interfaces (rates for default configuration)

6.1.1. Downstream simplex channels — transmit bit rates

There are four input interfaces at the ATU-C for the high-speed downstream simplex channels
based on multiples of 1.536 Mbit/s: ASO, AS1, AS2 and AS3 (ASX in general). The data rates at
theseInterfaces shall be as defined in table 1.

Similarly, there are three interfaces for the optional high-speed downstream simplex channels
based on multiples of 2.048 Mbit/s: ASO, AS1, and AS2 (ASX in general). The data rates at these
interfaces are definedin table 2.
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6.1.2 Transmit and receive bit rates for the duplex channels

Both input and output data Interfaces shall be supplied at the ATU-C for the duplex bearers
supported by the ADSL system.

NOTE — Twoof the duplex channels are optional, as describedin 5.2.2; the rate of the third duplex
channel dependsonthe transport class, as defined in 5.2.1.

Table 13 showsthe data rates that shall be supported by both the input and outputinterfacesat
the ATU-C for the duplex channels for the default configurations.

Table 13 - Interface data rates for duplex channels (default configurations)

Duplex channel Data rate

LSO (see note 1 16 or 64 kbit/s

LS1 (see note 2 160 kbit/s
LS2 384 kbit/s or 576 kbit/s
Operations, maintenance, and control vendorspecific

NOTES

1 LSO is also knownas the "C” or control channel. It carries the signaling associated with the ASX data
streams andit may also carry someorall of the signating associated with the other duplex data streams.
WhenLS1 transports SDN BRA,the signaling for LS1 is contained within the ISDN BRA D channel. ff
LS1 Is used to transport a non-ISDN BRAdata stream,then Its signaling will also be contained in the C
channel.

2 LS1 may be usedto carry ISDN BRA. Refer to 6.2.3 for a description of the frame format used within
LS1 whenit carries this service.

 
'6.1.3 Payload transfer delay

' The one-waytransfer delay for payloadbits in all bearers (simplex and duplex) from the V
. feference point to the T., reference point for channels assigned to the fast buffer shall be no

more than 2 ms, and for channels assigned to the interleave bufferit shall default to no more than
; 20 ms, The same requirementapplies in the opposite direction, from the T.,, reference pointto
the V reference point.

6.2 Framing

This subclause specifies framing of the downstream signal (ATU-C transmitter). The upstream
framing (ATU-R transmitter) is specified in 7.2.

6.2.1 Data symbols

Figure 2 showsa functional block diagram of the ATU-C transmitter with reference points for data
framing. Up to four downstream simplex data channels and up to three duplex data channels
shall be synchronized to the 4 kHz ADSL DMT symbolrate, and multiplexed into two separate
data buffers (fast and interleaved). A cyclic redundancy check(crc), scrambling, and forward
error correction (FEC) coding shall be applied to the contents of each buffer separately, and the
data from the interleaved buffer shall then be passed through aninterleaving function. The two
data streamsshall then be tone ordered as defined in 6.5, and combined into a data symbol that
is input to the constellation encoder. After constellation encoding, the data shall be modulated to
produce an analog signal for transmission across the customerloop.

23éitialar Order Number: W1806785diately inn
Provldmal hy IHS under license with ANSI Sold to:MIGHAEL J NEWTON (029940100001) - MIKE NEWTON@ALSTON.COM,
No reproduction or nelworking permitted withoul licanse from IHS. Not for Resale,2016-02-12 18:06:08 UTC

Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 39



ANSI T1.413 95 .. 0724150 0526127 261 .. 

ANSI T1.413-1995 

A bit-level framing pattern shall not be inserted into the data symbols of the frame or superframe 
structure. DMT symbol, or frame, boundaries are delineated by the cyclic prefix Inserted by the 
modulator (see 6.1 0). Superframe boundaries are determined by the synchronization symbol, 
which shall also be Inserted by the modulator, and which carries no user data (see 6.9.3). 

Because of the addition of FEC redundancy bytes and data interleaving, the data symbols (i.e., 
bit-level data prior to constellation encoding) have different structural appearance at the three 
reference points through the transmitter. As shown in figure 2, the reference points for which 
data framing will be described in the following subclauses are 

- A (Mux data frame): the multiplexed, synchronized data after the ere has been inserted 
(synchronization is described In 6.2.2, ere is specified In 6.2.1.3). Mux data frames 
shall be generated at a nominal 4kHz rate (i.e., each 250 ~sec). 

- B (FEC output data frame): the data frame generated at the output of the FEC encoder 
at the DMT symbol rate, where an FEC block may span more than one DMT symbol 
period. 

- C (constellation encoder input data frame): the data frame presented to the 
constellation coder. 

6.2.1.1 Superframe structure 

ADSL uses the superframe structure shown in figure 5. Each superframe is composed of 68 
ADSL data frames, numbered from 0 to 67, which shall be encoded and modulated Into DMT 
symbols, followed by a synchronization symbol, which carries no user or overhead bit-level data 
and is inserted by the modulator (see 6.9.3) only to establish superframe boundaries. From the 
bit-level and user data perspective, the DMT symbol rate is 4000 baud (period .. 250 ~sec), but in 
order to allow for the insertion of the sync symbol the transmitted DMT symbol rate shall be 89/68 
x 4000 baud. Each data frame within the superframe contains data from the fast buffer and the 
interleaved buffer. The size of each buffer depends on the assignment of bearer channels made 
during Initialization (see 6.2.1 and 12.8.4 ). (On-line reassignment of bearer channels is for 
further study.) 

superframe 
(17 msec) 

I~~ rrare ~ ~ ~ I rr;rel r~e l 
~~I I ~~ 
crc0-7 !.b.'s o- 1 1 l.b.'s Lb.'s 

in 7 1 1 8·15 16-23 
faSt, tn fas'- • • - _ _ In In fast 

., - - - - (Qs! byte synch ;~ byte- -

No user or 
bit-level data 

(Note: i.b. = indicator bit) 
bytes ;' -------

= ~ / ~- - ~--, -~~ 
~ ~-~ 

~ -,1 
~"""'==~-----------fframe (68/69 X 250 f.lSec)-----------.~ 

Fast data buffer In terleaved data buffer 

i ~-F~ __ b_yw __ ~I _F_~_td_a_w~~~). ____ ~r~oo~~~nd~~~··Y-r---Q~n_re_r_Ie_av_e_d_d_ata~) __ __.~------~ 
~1~ k ~ I 
I byte 1 I : 
K )rl %sf I t 
1 -....... K1 bytes • bytes 1 
I ~ > ,1 
1 (Mux data frame, point (A)) i' Ns; bytes 

1 !(Constellation encoder Input data frame, point (C)) 
I I 
lot( Nf bytes -----~ 1 

(FEC output or constellation encoder input 
daw frame, points (B),(C)) 

Figure 5 - ADSL superframe structure - ATU·C transmitter 
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Eight bits per ADSL superframe shall be reservedfor the crc on the fast data buffer (crcO-crc7),
and 24indicatorbits (ib0-ib23) shall be assigned for OAM functions. As shownin figures 5 and 6,
the "fast" byte of the fast data buffer carries the crc checkbits in frame O andthe fixed overhead
bit assignments in frames 1, 34, and 35. The “fastbyte in other framesis assignedin even-/odd-
framepairs to either the eoc or to synchronization control of the bearer channels assigned to the
fast buffer.

EVEN NUMBERED FRAMES ; ODD NUMBERED FRAMES
(immediately follow even-numbered

frame to the left)

Frames0,1 en?[avs|os[uotorsTowa[oct [oxo] [mr[is[as[os[ia[eo[a[x0|

Frameso4as [ibis|w1éTonia [err[outTaro[oo[as] [aes[iter[isos [eo[on[oisTarr [ais

woo [eetJeoes_[eoos Joes[oo2Joo[a[1] [fects [oowt2ettcto[eas[ouslox[|
Frames

: Synch
96-67 controt Levlss[sslex[ss[elerlo] [ela[slmlalelalo

<__8 bts ————_—_>
Figure 6 - "Fast" byte format — ATU-C transmitter — fast data buffer

Theindicator bits are defined in table 14.

Table 14 - Definition of indicator bits, ATU-C transmitter
(fast data buffer, downstream direction)

Definition

reserved for future use
   
 

Indicator bit  

  
 NOTE — Seeclause 11 for definitions of the bits and their use.

If bit 0 of the "fast" byte in an even-numbered frame(other than frames 0 and 34) is "1", then the
“fast" byte of that frame and the odd-numbered frame that immediately follows is used to carry a
13-bit “eoc frame", whichis defined in table 15, and on additionalbit, r1, which is reserved for
future use (set to 1 until assigned otherwise).
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Table 15 — eoc frame structure

 
 

  
 

 
Bit designation eoc bit allocation

Address (11 = ATU-C, 00 = ATU-R, 01 and 10 reserved

Data/messageIndicatorbit:
0" = information field contains op code for ADSL eoc

message,
"1" = information field contains binary or ASCII data.

— Odd ("1") / Even ("0") byte indicator for multibyte
 

 

 
 

transmission in data read or write mode

Autonomous ATU-R messageindicator bit (see note):
“QO” = autonomous ATU-R message,
“1° = ATU-R responseto current eoc protocol state.

Informationfield.

 
eoc6 — e0c13

NOTE - The only autonomous message currently defined for the ATU-Ris the “dying
gasp" (11.1.4.4). Other uses of the eocd bit are for further study.

The eoc protocol and message formats are described in 11.1.

Bit 0 of the "fast" byte in an even-numbered frame (other than frames 0 and 34) shall be set to
"0", to indicate that the fast” bytes of that frame and the odd-numbered frame that immediately
follows are used for synchronization control within thelr respective frames(the "fast" byte format
for synch control is described in 6.2.2.1).

Eight bits per ADSL superframe shall be used for the cre on the interleaved data buffer (ercO —
crc7). As shownin figures 6 and 7, the "synch" byte of the interleaved data buffer carries the cre
checkbits for the previous superframein frame0.In all other frames (1 through 67), the “synch"
byte shall be used for synchronization control of the bearer channels assigned to the interleaved
data buffer, or to carry an ADSL overhead control (aoc) channel. When any bearer data streams
appearin the interleave buffer, then the aoc data shall be carried in the LEX byte, and the “synch"
byte shall designate when the LEX byte contains aoc data and whenit contains data bytes from
the bearer data streams. When no bearerdata streamsare allocated to the interleave data

buffer, l.e., all B, (ASX) = B,(LSX) = 0, then the "synch" byte shall carry the aoc data directly (AEX
and LEX bytes, described in 6.2.1.2, do not exist in the interleave buffer in this case). The format
of the "synch" byte is described in 6.2.2.2.

Frame 0|cro?|ore6|orcs|orca|orcs|cree|crct|orc0|

Synch
allocated to. contror (867|806|06]sca|se3|soz|sot|800|
interleave buffer

rnosignas ete ao; [avo]2005]aoc8]aood]aoc]oct|a00t|aocd
interleave buffer

Frames 1-67

Figure 7 — "Synch" byte format — ATU-C transmitter — interleaved data buffer
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6.2.1.2 Frame structure

Each frame of data shall be encodedinto a multicarrier symbol, as described in 6.3 through 6.6.
As is shownin figure 2, each frame is composedof a fast data buffer and an inteneaved data
buffer, and the frame structure has a different appearance at each of the reference points (A, B,
and CG). The bytes of the fast buffer shall be clocked into the constellation encoderfirst, followed
by the bytes of the Interleaved data buffer. Bytes are clockedleast significantbit first.

Each userdata stream shall be assignedto either the fast or the interleaved buffer during
initialization (see 12.6.1), and a pair of bytes, [8,,8,], shall be transmitted for each data stream,
where B, and 8, designate the numberof bytesallocated to the fast andinterleaved buffers,
respectively.

The seven possible [8,,B,) pairs to specify the downstream bearer channel rates are
- B-(ASX), B(ASX) for X = 0, 1, 2 and 3,for the downstream simplex channels;
~— B-(LSX), B(LSX) for X = 0, 1 and 2, for the (downstream transport of the) duplex
channels.

Therulesfor allocation are:

— for any data stream, X, except the 16 kbit/s C channel option,either B,(X) = the data
rate (in kbit/s) of the fast buffer and B, (X) = 0, or B,(X) = 0 and B,(X) = the data rate (in
kbit/s) of the interleaved buffer;

— for the 16 kbit/s C channel option, B.-(LS0) = 255 (binary 11111111) and 8(LSO) =0,or
B,(LSO) = 0 and B,(LSO) = 255.

Configurations(i.e., sets of [B,, B, }) for the four possible transport classes are givenin table 16
for the default configuration (bearers based on 1.536 Mbit/s), and in table 17 for the three
possible transport classes for the bearer channel optional rates based on 2.048 Mbit/s.

On-line reconfiguration (e.g., changing the mix of data channelrates or re-allocation of user data
streams betweenfast and interleaved data buffers, or both) is for further study.

Table 16 — Default fast and interleaved data buffer allocations for ATU-C transmitter -—

Configurations for bearers based on multiples of 1.536 Mbit/s

Signal|8, (Interleaved data buffer) 8B, (fast data buffer)

Transport |Transport [Transport|Transport Transport |Transport|Transport

a1 eo2 a3 a4 Ca1 —e2 oo3 eo4

NOTE -— Forloop transport class 4, B,(LSO) = 255 or B(LS0) = 255 indicates a 16 kbit/s C channel, which
is carried entirely within the synchronization control overhead (LEX byte) as described in 6.2.2; thus, the
LSO sub-channel does not appear as a separate byte within the ADSL frame.
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Table 17 — Default fast and interleaved data buffer allocations for ATU-C transmitter -
Optional configurations for bearers based on multiples of 2.048 Mbit/s

B (Interleaved data buffer) B,(fast data buffer)

class 2M-1 earseh2M-2 —2-3 a2M-1 =e2M-2 sass232M-3
  

 
  NOTE- Fortransport class 2M-3, B,(LS0) = 255 or 8(LS0) = 255 indicates a 16 kbit/s C channel, which is

carried entirely within the synchronization control overhead (LEX byte) as described in 6.2.2; thus, the LSO
sub-channel does not appear as a separate byte within the ADSLframe.

6.2.1.2.1 Fast data buffer

The framestructure of the fast data buffer shall be as shownin figure 8 for the three reference
points that are definedin figure 2.
  Nebytes \

(FEC Output or Constellation Encoder Input Data Frame, Reference Points (B), (C)) |
K.rp byte I(Mux Data Fame, Reference Point (A) ) |

(raneLalLas|aso)|asaty[uso)isi)use)|ape|usdpe
— By70 B.aspB(ASD B,BASS) Cc,Caso) B,3as) B,(LS2) Ay Ly Rasp Bytes

Byte Bytes Bytes Bytes Bytes Bytes Bytes Bytes Bytes Bytes

  

Cp(LS0) = Oif Bp(LSO) =255 (Binary 1111111),
= Bp(LSO) otherwise.

N= Ke + Rast,

where Rdg f=number of FEC Redundancy Bytes.
2

and Kp=1+¥ BRAS) + Ap+ EBpULS)) + Lp,
3

where AR = 0 if2Bp(AS)) =0,
1 otherwise,

3 2
= OifEBp(AS;) =¥ BLS) =

Lp 0ifX Bp(AS)) % FILS)=0,
1 otherwise

(Note: Lp =1 when BXLS0)= 255)

Figure 8 — Fast data buffer — ATU-C transmitter

At reference point A (Mux data frame) in figure 2, the fast buffer shall always contain at least the
"fast" byte. This is followed by B-(ASO) bytes of channel ASO, then B,(AS1) bytes of channel
AS1, B-(AS2) bytes of channel AS2 and B,(AS3) bytes of channel AS3. Next comethe bytesfor
any duplex (LSX) channels allocated to the fast buffer. If any B.(ASX) is non-zero, then both an
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AEX and an LEXbytefollow the bytes of the last LSX channel, and if any 8-(LSX)is non-zero, the
LEX byte shall be included.

Note that when 8,(LSO) = 255, no bytes are included for the LSO channel. Instead, the 16 kbit/s
C channel shall be transported in every other LEX byte on average, using the synch byte to
denote when to add the LEX byte to the LSO data stream.

Figg FEC redundancy bytes shall be added to the mux data frame (reference point A) to produce
the FEC output data frame (reference point B), where A,is given in the RATES1 options used
duringinitialization. For the default configurations given in tables 16 and 17 Ayy= 4; for other
configuration options, the value shall be given to the ATU-C in some manner(for example, via a
host control port). When no data streamsare allocated to the fast buffer R,.= 0 (no FEC
redundancy bytes are added). Because the data from the fast buffer is not interleaved, the
constellation encoderinput data frame (reference point C) is identical to the FEC output data
frame (reference point B).

6.2,1.2.2 Interleaved data buffer

The frame structure of the interleaved data buffer is shownin figure 9 for reference points A and
B, which are definedin figure 2.

Mux Data Frame (Reference Point (A)) |

eeveemi bytes 

SasoFan “Fes“Tasty <e,Ga0(LSO) B,Fash Wasa(LS2) Pen “Cahl ;
be—_—_
'

I Byte Bytes Bytes Bytes Bytes Bytes Bytes Bytes Byte Byte |
i

nee1
eee
Pga ee ee Rasi

|< N_ bytes —>! <— N,, ; bytes —S> \<— N=e——a—
<__ N,; bytes ———>|I~q-———__ N,, bytes ———| wo——— N,; bytes —

FEC Output Fame #0 "FEC Output Fame#/  ‘ FEC Output Frame S-/)
(Ref Pt(B)) (Ref Pt(B)) (Ref Pt(B))

Ci(LSO) = 0 if Bj(LSO) = 255 (Binary 11111111),

= By(LSO) otherwise.
3 2

Nmj=it 2BAS) Faeas) +L,
3

where A; =O f 2 B)(AS)) =0,

= 1 otherwBe,
3 2

and ,=0f %By(ASj) =% ByLS;) = 0,
= | otherwise.

(Note: Lj = 1 when B,(LSO) = 255)

and Ns i=Nmni +Rdsi/S,
where Rq.j= number of FEC Redundarcy Bytes,
and S = number of DMT symbols per FEC codeword.

Figure 9 — Interleaved data buffer, ATU-C transmitter
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At reference point A, the mux data frame,the interleaved data buffer shal! always contain at least
the "synch" byte. The rest of the buffer shall be built in the same mannerasthe fastbuffer,
substituting 8, in place of B;. The length of each mux data frameis N,,,bytes, as defined in
figure 9.

The FEC codershall take in S mux data frames and append A,,, FEC redundancybytesto
produce the FEC codeword of length Npe, ; = S x N+ Fy, bytes. The FEC output data frames
shall contain N,;= Neec, / S bytes, where N,,is an integer. When S > 1, then for the S framesin
an FEC codeword, the FEC output data frame (reference point B) shall partially overlap two mux
data framesfor all except the last frame, which shall contain the A,,, FEC redundancybytes.

The FEC output data framesare interleaved to a specified interleave depth. The interleaving
process (see 6.4.2) delays each byte of a given FEC output data framea different amount, so
that the constellation encoder input data frames will contain bytes from many different FEC data
frames. At reference point A in the transmitter, mux data frame 0 of the interleaved data bufferis
aligned with the ADSL superframe and mux data frame 0 of the fast data buffer (this is not true at
reference point C). At the receiver, the interleaved data bufferwill be delayed by S x interleave
depth x 250 msec (16 msecfor the defaults given in tables 18 and 19) with respect to the fast
data buffer, and frame 0 (containing the crc bits for the interleaved data buffer) will appear a fixed
numberof frames after the beginning of the receiver superframe.

The FEC coding overhead, the number of symbols per FEC codeword,andthe Interleave depth
are listed in tables 18 and 19 for the default configurations(i.e., for all ASX signals plus LSO
allocated to the interleave buffer) in tables 16 and 17. These defaults correspond to the default
data rates. For other rates and configurations, the coding parameters shall be given to the ATU-
C in some manner(for example, via a host control port).

Table 18 — Default FEC coding parameters and interleave depth for ATU-C transmitter —
Default configurations for bearers based on multiples of 1.536 Mbit/s

Rest Ss interleave depth
Transport class|(FEC redundancy bytes)|(symbols per codeword) (FEC codewords)

1

  
 

 
 
  

 

 

 

 
 

3

Transport class
4

Synchbyte onl

2

16

16  
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Table 19- Default FEC coding parameters and interleave depth for ATU-C
transmitter — Optional configurations for bearers based on multiples of 2.048 Mbit/s

Transport class Pes Ss Interleave depth
FEC redundancy bytes)|(symbols per codeword) (FEC codewords)

12M-1

po a

Po 32

6.2.1.3 Cyclic redundancy check(crc)

Two cyclic redundancy checks(cres) — one for the fast data buffer and one forthe interleaved
data buffer — are generated for each superframe and transmitted in the first frame of the following
superframe. Eight bits per buffer type (fast or interleaved) per superframe are allocated to the crc
checkbits. These bits are computed from the k messagebits using the equation:

crc(D) = MD) D8 modulo G(D),

where:

MD) =mD1 © m,DK2 @ .... ® m,,D @ m,,, is the message polynomial
G(D) = D8 @ D* @ D3 @ D2 @ 1, is the generating polynomial,
erc(D) = gD’ © ¢,D6@..... © gD @ c,is the checkpolynomial,
® indicates modulo-2 addition (exclusive-or)

and D is the delay operator.

Thatis, cre is the remainder when MD) D8is divided by G.

The crc checkbits are transported in the "fast byte" (8 bits) of frame 0 in the fast data buffer, and
the "synch byte"
(8 bits) of frame 0 in the interleaved data buffer.

The bits covered by the cre include
— fast data buffer:

— frame 0: ASX bytes (X= 0, 1, 2, 3), LSX bytes (X= 0, 1, 2),
followed by any AEX and LEX bytes.

— all other frames: “fast" byte, followed by ASX bytes (X = 0, 1, 2,3),
LSX bytes (X= 0, 1, 2), and any AEX and LEX bytes.

— interleaved data buffer:

— frame 0: ASX bytes (X = 0, 1, 2, 3), LSX bytes (X = 0, 1, 2),
followed by any AEX and LEX bytes.

- all other frames: "synch" byte, followed by ASX bytes (X = 0, 1, 2, 3),
LSX bytes (X= 0, 1, 2), and any AEX and LEX bytes.

Eachbyte shall be clockedinto the cre least significantbitfirst.

The crc field length will vary with the allocation of bytes to the fast and interleaved data buffers
(the numbers of bytes in ASX and LSX vary according to the [8,,8,] pairs; AEX is present in a
given buffer only If at least one ASX is allocated to that buffer; LEX is present in a given buffer
only if at least one ASX or one LSXis allocated to that buffer).

Becauseof the flexibility in assignment of bearer channels to the fast and interleaved data
buffers, cre field lengths over an ADSL superframewill vary from approximately 530 bits to
approximately 119,000 bits.
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6.2.2 Synchronization

Theinput data streams are synchronized to the ADSLclock using the synchronization control
byte and the AEX and LEX bytes. Forward-error-correction coding shall always be applied to the
synchronization contro! byte(s).

6.2.2.1 Synchronization for the fast data buffer

Synchronization controlfor the fast data buffer can occur in frames 2 through 33 and 36 through
67 of an ADSL superframe as described in 6.2.1.1, where the “fast” byte may be used as the
synchronization control byte.

The format of the "fast" byte when used as synchronization control for the fast data buffer is given
in table 20.

Table 20 — Fast byte format

ASX channeldesignator : channel ASO
"01": channel AS1

"10": channel AS2
: channel ASS

  
  
  
 

 
 
  
   
 

  
   
 

 
  
   

  
 

 
 Synchronization control for : do nothing

the designated ASX "01": add AEX byte to designated ASX channel
channel "41": add AEX and LEX bytes to ASX channel

"10": delete last byte from designated ASX
channel

  : channel LSO
"01": channel LS1
"10": channel LS2

“11"; no synchronization action; if sc5, sc4 is not
equal to "11", LEX may carry LS2 "start of
frame"verification pointer (see 6.2.4)

LSX channel designator

Synchronization controlfor : add LEX byte to designated LSX channel
the designated LSX : delete last byte from designated LSX
channel channel

 Synch/eoc designator : perform synchronization control as indicated
in sc7-sct

"1": this byte of current (even-numbered) frame
and of frame that immediately follows is an
eoc frame

No synchronization action shall be taken for those frames for which the "fast" byte is used for cre,
fixed indicatorbits, or eoc.

NOTES

1 ADSL deptoyments may needto interwork with DS1 (1.544 Mbit/s) or DS1C (3.152 Mbit/s) rates,
The synchronization control option that allows adding up to two bytes to an ASX bearer channelprovides
sufficient overhead capacity to transport combinations of DS1 or DS1C channels transparently (without
interpreting or stripping and regenerating the framing embedded within the DS1 or DS1C). The
synchronization control algorithm shall, however, guarantee that the fast byte in some minimum numberof
frames is available to carry eoc frames, so that a minimum eoc rate (4 kbit/s) may be maintained.

2 Whenthe data rate of the C channelis 16 kbit/s, the LSO sub-channelIs transported in the LEX
byte, using the "add LEX byte to designated LSX channel", with LSO as the designated channel, every
other frame on average.
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6.2.2.2 Synchronization for the interleaved data buffer

Synchronization control for the interleaved data buffer can occur in frames 1 through 67 of an
ADSL superframe as describedin 6.2.1.1, where the “synch” byte may be used as the
synchronization control byte.

The format of the "synch" byte when used as synchronization control for the interleaved data
buffer shall be as given in table 21. In the case where no signals are allocated to the interleaved
data buffer, the "synch" byte shall carry the aoc data directly, as shownin figure 17 in 6.2.1.1.

Table 21 — Synch byte format - Interleaved data buffer

|Bits|Designation=|Codes—C—CSCisS
sc7, ASX channel designator "00" : channel ASO

"01" : channel AS1

"10": channel AS2
: channel AS3

   
 
  
 
 
 
 

 
 
 

  
  
  
 

  

 
 

Synchronization control for
the designated ASX
channe!

"00": do nothing
"01": add AEX byte to designated ASX channel
"11": add AEX and LEX bytes to ASX channel
"10"; delete last byte from designated ASX

channel

 

 
  
  

 
 
 

LSX channel designator "00": channel LSO
“O1": channel LS1
"10": channel LS2

"11": do nothing to any LSX channel

 
 

Synchronization control for
the designated LSX
channel

: add LEX byte to designated LSX channel
"0": delete last byte from designated LSX

channel
 
 

  
  
  
  

 Synch/aoc designator  : perform synchronization control as indicated
in sc7-sc1

"1": LEX byte carries ADSL overhead control
channeldata; synchronization control may
be allowed for "add AEX” or “delete” as
indicated in sc7-sc1

No synchronization action shall be taken during frame 0, where the “synch" byte is used forcre,
and the LEX byte carries the aoc.

NOTES

1 ADSLdeployments may need to interwork with DS1 (1.544 Mbit/s) or DS1C (3.152 Mbit/s) rates.
The synchronization control option that allows adding up to two bytes to an ASX bearer channelprovides
sufficient overhead capacity to transport combinations of DS1 or DS1C channels transparently (without
interpreting or stripping and regenerating the framing embedded within the DS1 or DS1C).

2 Whenthe data rate of the C channelis 16 kbit/s, the LSO sub-channelis transported in the LEX
byte, using the "add LEX byte to designated LSX channel”, with LSO as the designated channel, every
other frame on average.
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6.2.3. Frame format of ISDN basic access over LS1

Whenthe LS1 channeltransports ISDN Basic Access,the framingfor this channel shall be a
binary equivalent of the frame structure specified for information flow across the ISDN Basic
AccessInterface point, as specified in ANSI 71.601.

This frame structure within the LS1 channel maybe fixed In state SL3 for the downstream
direction, and in state SN3 for the upstream direction. During states where the network, or NT1 is
not ready, (as generally conveyed by the act bit set to 0), the 2B+Dfields shall be set to all ones
before scrambling.If the ATU is unable to provide SN3 or SL3, then the LS1 channel bytes shall
be filled with all ones. State definitions for SN3, SL3, and the act bit are specified in ANS!
T1.601.

The ISDN Basic Access maintenance definitions and positions, as prescribed by ANSI T1.601,
shall retain their definitions across the LS1 channel.

6.2.4 Framing for 384 / 576 kbit/s applications over LS2 (optional)

When the LS2 channeltransports 384 or 576kbit/s applications that require frame integrity, and
the LS2 channel is allocated to the non-interleaved data buffer, the ADSL system may, as an
option, provide byte and frameintegrity of the bearer service channel.

If this option {s provided, the ADSL system shall provide byte integrity by mapping the bearer
service channel's bytes into ADSL sub-channel LS2 bytes(i.e., mapping bytes across the V- and
T-interfaces),

The ADSL system shall provide frameintegrity by
— transmitting a non-zero valuefor the |.S2 frame-size parameterduring initialization to
indicate to the receiver that the LS2 channel should provide frame integrity;
- locally generating framing indication at the receiver, and passingthis framing along
with the LS2 data stream to the service module at the Cl orto the network at the network
side of the ADSLlink;
— transmitting a frame verification pointer when certain conditions allow across the "U"
Interface;
— statistically verifying the bearer service channelframing to the locally-generated
framing indication at the receiver.

The LS2 frame-size parameter, FS(LS2), shall be in bytes per (bearer service) frame. For
example, for 384 kbit/s service:

- B,(LS2) = 384 kbit/s / (32 kbit/s/byte/ADSL frame) = 12 bytes per ADSLframe;

— FS(LS2) = 384 kbit/s / (64 kbit/s/byte/bearerservice frame) = 6 bytes per bearer
service frame.

FS(LS2) shall be set to zero (0) to indicate that framing is not required for the service transported
by ADSL sub-channel LS2,orthat the transmitter does not provide this option. In either case, no
frame verification pointers will be sent by the transmitter.

The ATU-C transmitter may transmit a frameverification pointer when all of the following
conditions are satisfied:

a) LS2is allocated to the fast data buffer;
b) the LS2 frame size is non-zero;
c) no synchronization action is required on any of the ADSL LSX sub-channelsin the

current frame;
d) the LEX byte is not used for “add 2" synchronization for any of the ADSL ASX sub-

channelsin the current frame;
e) the transmitter has a valid verification pointer value available for the current frame.
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NOTES

1 Condition (c) is satisfled when bits sc3, sc2 (table 21) in the fast byte of frames 2 through 33 or 36
through 67 are "11" and bit sc0 is “O", or the fast byte of the current frame carries cre orindicatorbits (.e.,
frame numbers 0, 1, 34, and 35),

2 Condition (d) is satisfied when bits sc5, sc4 in the fast byte of frames 2 through 33 or 37 through 67 are
"00", "01", or “10" and bit scO is “O".

3 The transmitter is not required to transmit a verification pointerin all frames that satisfy conditions (c)
and (d).

The frame verification pointer, when transmitted, shall be placed in the LEX byte and shall contain
the numberof the byte within the current frame's LS2 sub-channel!thatis the first byte of a bearer
service frame, with thefirst byte of the LS2 sub-channel being byte numberzero (0).

When conditions (a) through (d) aboveare satisfied but the transmitter does not have a
verification pointer value to insert, the LEX byte shall be filled with binary 1's to indicate thatit
does not contain a verification pointer. The receiver shall use the verification pointer only whenit
falls within a valid range for the configured LS2rate (i.e., 0 through [B,(LS2)-1]).

6.3 Scramblers

The binary data streams output from the fast and interleaved buffers shall be scrambled
separately using the following algorithm for both:

d, = d, ® drag B Anen'

where d, is the n-th output from the fast or interleaved buffer (i.e., input to the scrambler), and d,,
is the n-th output from the corresponding scrambler.

These scramblers shall be applied to the serial data streams without reference to any framing or
symbol synchronization. Descrambling in receivers can likewise be performed independentof
symbol synchronization.

6.4 Forward error correction

6.4.1. Reed-Solomon coding

Ri(i.6., Ryg OF Agg)) redundant check bytes Cy , C,,...Cp.o, Cg, shall be appended to K message
bytes 7%, ™,,.., Mo, M4 to form a Reed-Solomon code word of size N = K + A bytes. The
check bytes are computed from the message byte using the equation:

C{D) = MD) DF modulo G(D)
where:

MD) = m DK-1 © m, DK? © ...@ m,,D® mis the message polynomial,
C{D) = a DF! © c, DF2 @... ® o,,D Ga, is the check polynomial,

and G(D) = 1] (D ® al ) is the generator polynomial of the Reed-Solomon code, where the index
of the product runs from /=0 to A-1. That is, C(D) is the remainder obtained from dividing MD)
DF by G(D). The arithmetic is performedin the Galois Field GF(256), where a is a primitive
elementthatsatisfies the primitive binary polynomial x8 @ x* @ x9 @ 2 @ 1. A data byte (d,, de,
1 Oy, Aq) is identified with the Galois Field element d,a? @ d,a® ®... @ d,a ® dy

The numberof check bytes A, and the codeword size N vary, as explained in 6.2 .
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6.4.2 Interleaving

The Reed-Solomon codewordsin the interleave buffer shall be convolutionally interleaved. The
interleaving depth varies, as explained in 6.2, butit shall always be a power of 2. Convolutional
interleaving Is defined by the rule:

Each of the Nbytes Bp, B,, .... By, ina Reed-Solomon codewordis delayed by an
amountthatvarieslinearly with the byte Index. More precisely, byte B; (with indexi) is
delayed by (D-1) * i bytes, where D is the interleave depth.

An example for N= 5, D= 2 is shownin table 22, where Bi, denotes the +th byte of the /-th
codeword.

Table 22 — Convolutional interleaving example for N= 5, D=2

 
With the above-defined rule, and the chosen interleaving depths (powersof 2), the output bytes
from the interleaver always occupy distinct time slots when Nis odd. When Nis even, a dummy
byte shall be added at the beginning of the codeword at the input to the interleaver. The resultant
odd-length codeword is then convolutionally interleaved, and the dummybyte then removed from
the output of the interleaver,

65 Tone ordering

A DMTtime-domain signal has a high peak-to-averageratio (its amplitude distribution is almost
Gaussian), and large values maybeclipped by the digital-to-analog converter. The error signal
caused byclipping can be considered as an additive negative impulse for the time samplethat
wasclipped. The clipping error poweris almost equally distributed across all tones in the symbol
in which clipping occurs. Clipping is therefore mostlikely to cause errors on those tonesthat, in
anticipation of higher received SNRs, have been assignedthe largest numberof bits (and
therefore have the densestconstellations). These occasional errors can be reliably corrected by
the FEC codingif the tones with the largest numberof bits have been assignedto the interleave
buffer.

The numbers ofbits and the relative gains to be used for every tone are calculated in the ATU-R
receiver, and sent back to the ATU-C according to a defined protocol (see 12.9.8). The pairs of
numbersare typically stored, in ascending orderof frequency or tone number/, in a bit and gain
table.

The “tone-ordered" encoding shall assignthe first B. bytes (88,bits) from the symbol buffer (see
6.2) to the tones with the smallest numberof bits assigned to them, and the remaining 8, bytes
(8 B, bits) to the remaining tones.

The ordered bit table b’ shall be based on theoriginal bit table b, as follows:

Fork =0 to 15

From thebit table, find the set of all / with the numberof bits per tone b,=k
Assign b;to the ordered bit allocation table in ascending orderof /
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A complementary de-ordering procedure should be performedin the ATU-R receiver. It is not
necessary, however, to send the results of the ordering process to the receiver becausethebit
table was originally generated in the ATU-R, and therefore that table hasall the information
necessary to perform the de-ordering.

6.6 Constellation encoder — with trellis coding

Block processing of Wei's 16-state 4-dimensionaltrellis code is optional to improve system
performance. An algorithmic constellation encoder shall be used to construct constellations with
a maximum numberof bits equal to Niowamax (S 15).

6.6.1 Bit extraction

Data bytes from the DMT symbolbuffer shall be extracted according to a re-orderedbit allocation
table b/, least significantbit first. Because of the 4-dimensional nature of the code, the extraction
is based on pairs of consecutive bj, rather than on individual ones,as in the non-trellis-coded
case. Furthermore, due to the constellation expansion associated with coding,the bit allocation
table specifies b, , the numberof coded bits per tone, which can be anyinteger from 2 to 15.
Given a pair (x,y) of consecutive b’, x+y-1 bits (reflacting a constellation expansion of 1 bit per 4
dimensions, or one half bit per tone) are extracted from the DMT symbol buffer. These z = x+y-1
bits (t,, t,.,,..,¢,) are used to form the binary word u as shownin table 23. The tone ordering
procedure ensures x <y. Single-bit constellations are not allowed because they can be replaced
by 2-bit constellations with the same average energy. Refer to 6.6.2 for the reason behind the
special form of the word u for the case x=0, y>1.

Table 23 — Forming the binary word u

|Condition—_—si{Binary word/ comment
= (te tat at)
Condition not allowed

= (ty tay vnty, tO)
Bit extraction not necessary, no
message bits being sent

 
The last two 4-dimensional symbols in the DMT symbol shall be chosento force the constellation
state to the zero state. For each of these symbols, the 2 LSBs of u are pre-determined,and only
x+y-3 bits are extracted from the DMT symbolbuffer.

6.6.2 Bit conversion

The binary word u =(u,, Uy, ,..., U; } determines two binary words v = (Vo. y seo Y) and w=( Wy.
jrMm), which are usedto look up two constellation points in the encoder constellation table.
For the usual case of x >1 and y>1, 2 =z=x+y-1, and v and wcontain x and y bits
respectively. For the special case of x= 0 and y>0, Z= 242 = yt1, v=(Vj,%) =O and w=(w,
jrWo). The bits (u,U,,U,) determine (v,,v,) and (w,,™%) according to figure 10.
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Figure 10 - Conversion of uto v and w

The convolutional encoder shownin figure 10 is a systematic encoder( |.e. u, and u, are passed
through unchanged) as shownIn figure 11. The states (S,, S,, S,, S,) are used to label the
states of thetrellis shownin figure 12. At the beginning of a DMT symbol period the states are
initialized to (0, 0, 0, 0).

The remaining bits of v and ware obtained from the lesssignificant and more significant parts of
(Uy Uys U4), respectively, When x >1 and y> 1, v=(Uzy.o »Upyyys ror Ugs Vy» Vo) and w= (U;,
Ung yon Uzyigs Wy, Wo). The bit extraction and conversion algorithms have been judiciously
designed so that when x=0, vy, = Y= 0.
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Figure 11 — Finite state machine for Weil's encoder

In orderto force the final state to the zero state (0,0,0,0), the 2 LSBs u, and u,of the final two 4-
dimensional symbolin the DMT symbolare constrained to u, = S,= S, , and u,= S,.
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6.6.3 Cosetpartition andtrellis diagram

In a trellis code modulation system, the expanded constellation is labeled and partitioned into
subsets ("cosets") using a technique called mapping by set-partitioning. The four-dimensional
cosets in Wei's code can eachbewritten as the union of two Cartesian products of two 2-
dimensional cosets. For example, C,° =(€,9 x G,1)U(G,2 x G,3). The four constituent 2-
dimensional cosets, denoted by G9, G1, G2, C3, are shownin figure 13.

 
Figure 13 — Constituent 2-dimensional cosets for Wei's code

The encoding algorithm ensures that the2 leastsignificant bits of a constellation point comprise
the index /of the 2-dimensional coset C,'in which the constellation point lies. The bits (Vy, Vo)
and (W,, W)) are in fact the binary representations of this index.

Thethree bits (u,,u,,Up) are used to select one of the 8 possible four-dimensional cosets. The 8
cosets are labeled C,! where/is the integer with binary representation (U,U,,U)- The additional
bit U (see figure 10) determines which oneof the two Cartesian products of 2-dimensional
cosets in the 4-dimensional coset is chosen. Therelationship is shown in table 24. Thebits
(¥4,%) and (W,,6) are computed from (u5,U2,U,,Up) using the linear equations given in
figure 10.
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Table 24 — Relation between 4-dimensional and 2-dilmensional cosets
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Figure 12 showsthetrellis diagram based on thefinite state machine in figure 11, and the one-to-
one correspondence between(u,,U,,U9) and the 4-dimensional cosets. In the figures, S =
(S3,S,,8,5) represents the current state, while T = (73, 75, 7;, 7) represents the next state in the
finite state machine. S is connected to Tin the constellation diagram by a branch determined by
the values of u, and u,. The branchis labeled with the 4-dimensional coset specified by the
values Of Up, U, (and Up = Sy , see figure 11). To make the constellation diagram more readable,
the indices of the 4-dimensional coset labels are listed next to the starting and end points of the
branches, rather than on the branches themselves. Theleftmost label correspondsto the
uppermost branch for each state. The constellation diagram is used when decodingthetrellis
code by the Viterbi algorithm.

6.6.4 Constellation encoder

For a given sub-channel, the encodershall select an odd-integer point (X, Y) from the square-grid
constellation based on the b bits {V,,,V,0, ++. V4, Yo}. For convenience of description, these b bits
are identified with an integer label whose binary representation is (V,_,.Ypo. +1 V4.%)- For
example, for b=2,the four constellation points are labeled 0,1,2,3 corresponding to (v,,%) = (0,0),
(0,1), (1,0), (1,1), respectively.

6.6.4.1 Even values of b

For even values of b, the integer values X and Y of the constellation point (X, Y) shall be
determined from the b bits (V,4, Vyo, +: V4, Vo} aS follows. X and Y are the odd integers with
twos-complementbinary representations (V,1, Vogr-0. Ys 1) ANd (Vy9, Va4s-1M, 1), respectively.
The mostsignificant bits (MSBs), v,, and v,, are the sign bits for X and Y, respectively. Figure
14 shows example constellations for b = 2 and b= 4,

 
Figure 14 — Constellation labels for b=2 and b=4

The 4-bit constellation can be obtained from the 2-bit constellation by replacing each label n by
the 2 x 2 block oflabels:

4nt1 —4n+3
An 4n+2

The same procedure can be usedto construct the larger even-bit constellations recursively.

The constellations obtained for even values of D are square in shape. Theleast significant bits
{V,,%} represent the coset labeling of the constituent 2-dimensional cosets used in the 4-
dimensional Weitrellis code.

6.6.4.2 Odd values of b, b=3

Figure 15 showsthe constellation for the case b = 3.
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Figure 15 — Constellation labels for b = 3

6.6.4.3 Odd values of b, b>3

if 6 is odd and greater than 3, the 2 MSBs of X andthe 2 MSBs of Y are determined by the 5
MSBsof the b bits. Let c = (b+1)/2, then X and Y have the twos-complementbinary
representations (XXo4 Vp. sVogr +2 VgrYye1) AND (YG Vor Mpg s Mp7 Mpa0-+1 Yor Moe), where X,and Y,
are the sign bits of X and Y respectively. The relationship between X, X,4, Yo Yo7 aNd Vy4, Vo,
«+ Vpg is shownin the table 25.

Table 25 — Determining the top 2 bits of X and Y
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Figure 16 showsthe constellation for the case b = 5.

 
Figure 16 — Constellation labels for b=5

The 7-bit constellation shall be be obtained from the 5-bit constellation by replacing each label n
by the 2 x 2 block of labels:

4n+1 4n+3
An 4n+2

The sameprocedure shall then be used to construct the larger odd-bit constellations recursively.
Note also that the least significant bits { v,,v)} represent the cosetlabeling of the constituent 2-
dimensional cosets used in the 4-dimensional Weitrellis code.

6.7 Constellation encoder — withouttrellis coding

An algorithmic constellation encoder shall be used to construct constellations with a maximum
numberof bits equal to Naownmax (S 15). The constellation encodershall not usetrellis coding with
this option.

6.7.1 Bit extraction

Data bytes from the DMT symbolbuffer shall be extracted according to a re-orderedbit allocation
table b', least significant bit first. The numberof bits per tone, b',, can take any non-negative
integer values not exceeding Nyownamax» With the exception of b'; = 1. Fora given tone b',= 6 bits
are extracted from the DMT symbolbuffer, and thesebits form a binary word {V,,Vpo, -¥j:Vo}-

6.7.2 Constellation encoder

The constellation encoder shall be as specified in 6.6.4.

6.8 Gain scaling

A gain adjuster, g, is usedto effect a frequency-variable transmit power spectral density (PSD).it
may have twofactors:

— agross gain adjustmentof either 1.414 or 2.0 (i.e., 3 or 6 dB), which may be required
for sub-carriers #51 and above (see 12.9.8);
— afine gain adjustment with a range of approximately 0.8 to 1.2 (i.e., 0 +1.5 dB), which
may be used to equalize the expectederror rates for all the sub-channels.

Eachpoint, (X,Y), or complex number, Z, = X;+ /Y;, output from the encoderis multiplied by g,;
Z'= 94
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NOTE — The g; define a scaling of the root mean square (rms) sub-carrier levels relative to those used
in C-MEDLEY(see 12.6.6). They are independent of any methods that manufacturers may use to
simplify implementation (e.g., constellation nesting).

6.9 Modulation

6.9.1 Sub-carrilers

The frequency spacing, Af, between sub-carriers shall be 4.3125 kHz,with a tolerance of + 50
ppm.

6.9.1.1 Data sub-carriers

The channelanalysis signal defined in 12.6.6 allows for a maximum of 255 carriers (at
frequencies ndf, n= 1 to 255) to be used. If echo cancelling (EC) is used to separate
downstream and upstream signals, then the lowerlimit on n is determined by the ADSL/POTS
splitting filters; if frequency division multiplexing (FDM)is used the lower limit is set by the down —
up splitting filters. The cut-off frequencies of thesefilters are completely at the discretion of the
manufacturer because,in either case, the range of usable n is determined during the channel
estimation.

6.9.1.2 Pilot

Carrier #64 (f = 276 kHz) shall be reservedfora pilot; that is b,, = 0 and g,,=1. The data
modulated onto the pilot sub-carrier shall be a constant {0,0}. Use of this pilot allows resolution of
sample timing in a receiver modulo-8 samples. Therefore a gross timing error that Is an integer
multiple of 8 samples couldstill persist after a micro-interruption (e.g., a temporary short-circuit,
opencircuit or severeline hit); correction of such timing errors is made possible by the use of the
synchronization symbol defined in 6.9.3.

6.9.1.3 Nyquist frequency

Thecarrier at the Nyquist frequency (#256) shall not be used for data; other possible uses are for
further study.

6.9.2 Modulation by the inverse discrete Fourier transform (IDFT)

The modulating transform defines the relationship between the 512 real values x, and the 2;
Si

_ JTki -x, = ert wag) 2 fork =0 to S11
The encoderand scaler generate only 255 complex values of Z,' (plus zero at dc, and onereal
valueif the Nyquist frequency is used). In order to generate real values of x, these values shall be
augmented so that the vector Z has Hermitian symmetry. Thatis,

Z,' =conj(Zs5,0;') for / = 257 to 511

6.9.3. Synchronization symbol

The synchronization symbol permits recovery of the frame boundary after micro-interruptions that
might otherwise force retraining.

The symbolrate, fsymb = 4 kHz, the carrier separation, Af = 4.3125 kHz, and the IDFT size, N=
512, are such that a cyclic prefix of 40 samples could be used, Thatis,

(512 + 40) x 4.0 = 512 x 4.3125 = 2208

The cyclic prefix shall, however, be shortened to 32 samples, and a synchronization symbol(with
a nominal length of 544 samples) inserted after every 68 data symbols. Thatis,
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(512 + 32) x 69 = (512 + 40) x68

The data pattern used in the synchronization symbol shall be the pseudo-random sequence PRD,
(d,, for n = 1 to 512) defined by

d,=1 forn=1to9
d, =Gn4 > Ano for n=10 to 512

Thefirst pair of bits (d, and d,) shall be used for the dc and Nyquist sub-carriers (the power
assigned to them is, of course, zero, so thebits are effectively ignored); the first and secondbits
of subsequentpairs are then used to define the X, and Y,. for / = 1 to 255 asfollows:

ais Fai Xn Yp
0 (0 + +

0 (1 -

1 =#0 - +

1 #1 - -

NOTES

1 The period of the PRDIs only 511 bits, so 515 = dj.
2 The d, — dy are re-initiallzed for each symbol, so each symbol of C-REVERB1uses the samedata.

Bits 129 and 130, which modulatethe pilot carrier (i = 64), shall be overwritten by {0,0}:
generating the {+,+} constellation.

The minimum set of sub-carriers to be used is the set used for data transmission (i.e., those for
which b, > 0); sub-carriers for which b, = 0 may be used at a reduced PSDas defined in 6.13.4.
The data modulated onto each sub-carrier shall be as defined above;it shall not depend on which
sub-carriers are used.

6.10 Cyclic prefix

The last 32 samplesof the output of the IDFT (x, for k = 480 to 511) shall be prepended to the
block of 512 samples and read out to the digital-to-analog converter (DAC) in sequence. Thatis,
the subscripts, k, of the DAC samples in sequence are 480.....511,0........511.

Thecyclic prefix shall be used for data and synchronization symbols beginning with the R-
RATES1 segmentofthe initialization sequence, as defined in 12.7.4.
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6.11 Transmitter dynamic range

The transmitter includes all analog transmitter functions: the D/A converter, the anti-aliasingfilter,
the hybrid circultry, and the POTSsplitter. The transmitted signal shall conform to the frequency
requirements as described in 6.9.1 for frequency spacing.

6.11.1 Maximum clipping rate

The maximum output signal of the transmitter shall be such that the probability of the signal being
clipped is no greater than 10°7.

6.11.2 Noise/Distortion floor

The Signal to Noise plus Distortion (SINAD)ratio of the transmitted signal in a given sub-carrieris
defined as the ratio of the rms value of the full-amplitude tone in that sub-carrier to the rms sum of
all the non-tone signals in the 4.3125 kHz frequency band centered on the sub-carrier frequency.
The SINADis characterized for each sub-carrier usedfor transmission: SINAD, represents the
signal to noise plus distortion available on the transmitted signal in the ith sub-carrier.

Overthe transmission frequency band, the SINADof the transmitter in any sub-carrier shall be no
less than (3 Nyown + 20) dB, where Nj... iS defined as the size of the constellation (in bits) to be
used on sub-carrier /, The minimum transmitter SINAD shall be at least 38dB (corresponding to
An Ngown Of 6) for any sub-carrier.

6.12 Transmitter spectral response

Figure 17 shows a representative spectral response mask for the transmitted signal. The pass
bandis defined as the frequency range over which the modem transmits. The low frequency stop
bandis defined as the POTS band;the high frequency stop band is defined as frequencies
greater than 2.208 Mhz.

PSD
dBnVvHz

Passbandripple + 3dB
-40

24 dB

50 dB

PpTO
3.4 30 1104 2208 11040 kHz

Lower Downstream pass band Upper stop-band
stop-band
(MTS)

Figure 17 — ATU-C transmitter PSD mask
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6.12.1 Pass band response

The pass band ripple shall be no greater than 3 dB, and the group delay variation over the pass
band shall not exceed 50 psec.

6.12.2 Low frequency stop bandrejection

The spectral characteristics of the output in the POTS band shall conform to the specifications in
10.7.

6.12.3 High frequency stop bandrejection

The PSDin the band above 2.208 MHz shall be at least 24 dB below the spectral density of the
pass-band mask. (see 12.4.3) . The PSD in the band above 11.04 MHz shall be at least 50 dB
below the spectral density of the pass-band mask.

6.13 Transmit power spectral density and aggregate powerlevel

There are three different PSD masks for the ATU-C transmit signal, depending on the type of
signal sent. In all cases the powerin the voice-bandthatis delivered to the Public Switched
Telephone Network (PSTN) interface shall conform to the specification given in 10.7

6.13.1 All initialization signals (except C-ECT) starting with C-REVERB1

The PSD in the band from 25 to 1100 kHz, shall not exceed —40 dBm/Hzfor a total powerof not
greater than 20 dBm. The powerIn the voice band delivered to the PSTNinterface shall conform
to the requirements of 10.7. If measurement of the upstream power Indicates that power cut-back
is necessary, then the PSD should be set at -42, -44, -46, -48, -50, or -52 dBnVHz (see
12.4.3).

6.13.2 C-ECT

Because C-ECTis a vendor defined signal (see 12.4.5), the PSD specification shall be
interpreted only as a maximum. This maximum level is —40 dBm/Hzfor the band from 18 to
1100 kHz. Sub-carriers 1 - 5 may be used, but the powerin the voice-band that is delivered to
the PSTNinterface shall conform to the specification given in 10.7.

6.13.3 Steady-state data signal

The PSDin the band from 25 to 1100 kHz shall normally (i.e., without powercut-back or power
boost) be —40 dBm/Hz with a maximum of —37 dBm/Hz;levels lower than -—40 dBm/Hz on some
carriers are discretionary. The normal aggregate powerlevel shall not exceed (—4 +10
log( ncdown)) dBm, where nedown is the numberof sub-carriers used (20.4 dBmif all sub-carriers
are used). The PSD and aggregate power may, however, be changedin anyof the following
circumstances:

a) Powercut-back:in this case the PSD and the aggregate power level will be reduced
by n multiples of 2 dB (n = 0 to 5) sothat they are as follows

-PSDmax = -37-2ndBm/Hz

- Total power = -4- 27+ 10log(ncdown) dBm

b) the bits and gains table (see R-B&G in 12.9.8) from ATU-R duringinitialization may
eliminate some of the sub-carriers, and finely adjust (i.e., within + 3 dB range) the level
of others in order to equalize expected error rates on each of the sub-channels;
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c) a powerboost: the PSD and aggregate powershall not exceed the following
-~PSDmax = —-37 dBm/Hzfor 0 < /< 50; that is, frequency below 220 kHz

-31 dBm/Hz for 51 < /< 256; that is frequency above 220 kHz.
- Total power = the sum of the powers (-4 + 10 log(ncdown7)) and (2 +

10log(ncdown2)),

where ncdown? and nedown2 are the numberof sub-carriers used in the sub-bands / =0

to 50, and / = 51 to 255, respectively

These specifications are shownin figure 18, where the possible powercut-back in multiples of 2
dBm and powerboost of 6 dBm above 220 kHzareillustrated .

 

dBm/rz:

SIAN eee

SALA etc
-37-2n = of

-~43-2n

4 Boosted PSD:n=0to 5 nominal —34 + 3dBm/Hz
Typical PSD:
nominal —40 + 3 dBm/Hz

mt comme eee meee: em iS {tniet| ‘oem es oes) =

0 3.4 | 200 f
fox

Sate Frequency (kHz)

Figure 18 — ATU-C transmitter PSD mask: pass-band detail

6.13.4 Synchronization symbol

The PSDof those sub-carriers for which b, > 0 or b, = 0 and g, > 0 shall be the sameasforthe
initialization signal C-REVERB1; that is, nominally —-40 dBm/Hz. The PSDfor those sub-carriers
for which 6, = 0 and g, = 0 shall be no higher than —48 dBnvHz.

The PSDof a synchroniazation symbolthus differs from that of the data signals surroundingit by
the g, which are applied only to the data carriers. These g, were calculated for the multipoint
constellations in order to equalize the expected error rate on all sub-channels, and are therefore
irrelevant for most of the 4QAM signals of the synchronization symbol.
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7 ATU-R functional characteristics

7.1 ATU-R Input and outputdata interfaces

The functional data interfaces at the ATU-R are shownin figure 19 . Outputinterfaces for the
high-speed downstream simplex bearer channels are designated ASO through AS3; input -
outputinterfaces for the duplex bearer channels are designated LSO through LS2. There may
also be a functionalinterface to transport maintenanceindicators from the SMs (service modules)
to the ATU-R; this interface may physically be combined with the LSO upstream interface.

The datarates of the input and output data interfaces at the ATU-Rfor the default configurations
are specified in this clause.

Thetotal net bearer capacity that can be transmitted in the upstream direction depends on the
loop characteristics. The rate of the duplex bearerat the LSO interface and the availability of the
LS1 and LS2 options correspondto the transport class as discussedin 5.3, for the default
configurations.

  
 

AS2_ (2x 1.536 Mb/s)

  

  
Service

Twisted pair AS3 (Ngx 1.536 Mb/s) | modules /
! cl

LSO ("C"; 16 or 64 kb/s) | equipment

|

_USt (160 kbs) _ ay
LS2 (384 0r576kb/s) |

>

—

NOTE- <@— — — — }> indicates optional duplex
channels (LS1 and LS2).

Figure 19 - ATU-R data interfaces

7.1.1. Downstream simplex channels — Transcelverbit rates

The simplex channels are transported in the downstream direction only; therefore their data
interfaces at the ATU-R operate only as outputs. The rates are the same asthose for the ATU-C
transmitter, as specified in 6.1.1.

Order Number: W1806785 51Sold fo:MICHAEL J NEWTON (029940100001) - MIKE NEWTON@ALSTON COM,
Nolfor Rasale,2016-02-12 18:06:09 UTC

Copyright American Nallona! Standards Inslilute
Provided by IHS underlicense wilh ANSI
No reproduction or networking permilled withoul license from IHS

- Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 67



Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 68

ANSI 71-413 95 MM O724150 OSceb155 lech

ANSI T1.413-1995

7.1.2 Duplex channels ~ Transceiverbit rates

The duplex channels are transported in both directions, so the ATU-R shall provide both input
and output data interfaces. The rates are the sameas for the ATU-C,as specified in 6.1.2.

72 Framing

Framing of the upstream signal (ATU-R transmitter) is specified in this subclause;it closely
follows the downstream framing (ATU-C transmitter), which is specified in 6.2, but with the
following exceptions:

— there are no ASX channels or an AEX byte;
— a maximumofthree channels exist, so that only three B,, 8, pairs are specified;
- the default FEC coding parameters and interleave depthdiffer (see table 26);
— fourbits of the “fast* and “synch" bytes are unused (correspondingto thebit positions
used by the ATU-C transmitter to specify synchronization control for the ASX channels)
(see tables 27 and 28);
- If the LS2 frame integrity option is installed, condition (d) in 6.2.4 does not apply for the
insertion of an LS2 frame verification pointer.

7.2.1 Data symbols

The ATU-R transmitteris functionally similar to the ATU-C transmitter, as specified in 6.2.1, with
the exception that up to three duplex data channels are synchronized to the 4 kHz ADSL DMT
symbolrate (insteadof up to four simplex and three duplex channels asis the case for the ATU-
C) and multiplexed into the two separate buffers (fast and Interleaved). The ATU-R transmitter
andits associated reference points for data framing are identical to the structure shownin figure
2, with the exception that the ASO..AS3 channels do not appearat the input of the Mux/Synch
Control.

7.2.1.1 Superframe structure

The superframestructure of the ATU-Rtransmitter shall be identical to that of the ATU-C
transmitter, as specified in 6.2.1.1.

7.2.1.2 Frame structure

Each frame of data shall be encodedinto a multicarrier symbol, as describedin 7.3 through 7.6.
As specified for the ATU-C and shownin figure 2, each frame is composedof a fast data buffer
and aninterleaved data buffer, and the frame structure has a different appearance at eachof the
reference points (A, B, and C). The bytes of the fast buffer shail be clocked into the constellation
encoder first, followed by the bytes of the interleaved data buffer. Bytes are clocked least
significant bitfirst.

The assignmentof user data streamsto the fast and interleaved buffers shall be configured
duringinitialization (see 12.6) with the exchangeof a (8,,8,) pair for each data stream, where B,
designates the numberof bytes of a given data stream to allocate to the fast buffer, and B,

- designates the numberof bytes allocated to the interleaved data buffer.

‘The three possible (B,, 8, pairs are B-(LSX), B,(LSX) for X = 0, 1 and 2,for the duplex channels;
they are specified as for the ATU-C in 6.2.1.2.

The three values of the (8,,8,) pairs for the default configurations shall be as specified for the
ATU-C in table 16.
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7.2.1.2.1 Fast data buffer

The framestructure of the fast data buffer is shownIn figure 20 for the three reference points that
are definedin figure 2. This structure is the same as that specified for the ATU-C with the
following exceptions:

— ASX bytes do not appear;
— the AEX byte does not appear;
— Py; FEC redundancybytes are used (as contrasted with Fy).

|

, ————___—_—————__Nf bytes
(FEC output or constellation encoderinput data frame, reference points (B), (C))

|

Se armyKybytesl

rioData Frame,Reference Point4)|rape
1 Cr(LS0) Br(LS1) Bp (LS2) 0 or I rye.

Byte Bytes Bytes Bytes Byte

2

Kp=1+ = BR(LS;) +Lp Cp(LSO) = {>0, B ,(LSO) = 255,J 5 B ,(LSO)otherwise.

where Lp = { 0, % BR(LS)) ==0, Ne =Kp + Rycp1 otherwise
where R,,o¢ = ‘# FEC Redundancy

NOTE -Lp= 1 when B(LS0) = 255, nes
Figure 20 — Fast data buffer — ATU-R transmitter

At referencepoint A in figure 2, the mux data frame,the fast buffer always contains at least the
“fast" byte. This is followed by B,(LSO) bytes of channel LSO, then B,(LS1) bytes of channel LS1,
and B,(LS2) bytes of channel LS2, andif any B-(LSX) is non-zero, an LEXbyte.

When 8,(LSO) = 255 (Binary 11111111), no separate bytes are included for the LSO channel.
Instead, the 16 kbit/s C channelis transported in every other LEX byte on average,using the
synch byte to denote whento add the LEX byte to the LSO data stream.

Fi, FEC redundancy bytes are added to the mux data frame (reference point A) to produce the
FEC outputdata frame(reference point B), where A.,,,, is given in the C-RATES1 signal options
received from the ATU-C duringinitialization (see clause 12). Ai. is equalto 4 for the default
configurations specified in 6.2.1.2. When no data streamsare allocated to the fast buffer, A.,,;= 0
(no FEC redundancy bytes are added). Becausethe data from the fast buffer is not interleaved,
the constellation encoderinput data frame (reference point C)is identical to the FEC output data
frame (reference point B).

7.2.1.2.2 Interleaved data buffer

The frame structure of the interleaved data buffer is shownin figure 21 for the three reference
points that are definedin figure 2. This structure is the same asthat specified for the ATU-C,with
the following exceptions:

— ASX bytes do not appear;
— the AEX byte does not appear;
— RF, FEC redundancybytes are used (contrasted with Aggy).
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Mux Data Fame (Reference Point (A)) \
Np, j DYtS>,

—_—_————————
'

t !

[pwararn[isoSTusrTissFTex]
Se

1
<——>>
i C,(LS0) By CSI) By CS2) or!

; Byte Bytes Bytes Bytes Byte !I

l _ I
i Cee rer
1 c77 Rusi
lq W,, ;bytes —>! <— Ny,bytes —>| | <— Nyy bytes lac bys >!

I 1
r<— N,; bytes ——>!~<—E—— Ny,, bytes ———>!e——— N,; bytes ———>1

FEC Output Frame #09' FEC OutputFrame#) ' FEC Output Fame S-!)
(Ref Pt(B) Ref Pt(B)) (Ref Pt (B))

2

Nmj=} +2 ByLS)) +Ly C(LSO) = 0, By(LS0) = 255(Binary 11111111),
Bj(LSO) otherwise.

where Ly 1 0, x By(LS)) =0,jo

1 otherwise, Ngj =(S *Nni +Ryg)/ 5,

(Note: Lj= 1 when Bj(LS80) = 255) where Rygi = #FEC RedundancyBytes,
and S =#DMTsymbols per

FEC codeword.

Figure 21 — Interleaved data buffer — ATU-R transmitter

The FEC coding overhead, the number of symbols per FEG codeword, and the interleave depth
are given in the C-RATES1 options received from the ATU-C duringinitialization (see clause 12).
Forthe default configurations specified In 6.2.1.2, the coding parameters are given in table 26 .

Table 26 — Default FEC coding parameters and interleave depth — ATU-R transmitter

Riss S$ interleave depth
(FEC (symbols per (FEC codewords)
redundancy codeword)
bytes

Transport classes 1, 2M-1

Transport classes 2, 3, 2M-
2

Transport classes 4, 2M-3

|Synchbyteonly
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7.2.1.3 Cyclic redundancy check(crc)

Two cyclic redundancy checks(cres) — one for the fast data buffer and one for the interleaved
data buffer — are generated for each superframe andtransmittedin the first frame of the following
superframe. Eight bits per buffer type (fast or interleaved) per superframeare allocated to the
cre checkbits.

Thecre bits are transported In the “fast byte" (8 bits) of frame 0 in the fast data buffer, and the
“synch byte"(8 bits) of frame 0 in the interleaved data buffer.

The bits covered by the cre include;
- for the fast data buffer.

— frame 0: LSX bytes (X = 0, 1, 2), followed by the LEX byte;
- all other frames: "fast" byte, followed by LSX bytes (X = 0, 1, 2), and LEX byte.

— for the interleaved data buffer:

— frame 0: LSX bytes (X= 0, 1, 2), followed by the LEX byte;
- all other frames: "synch" byte, followed by LSX bytes (X= 0, 1, 2), and LEX

byte.

Each byte shall be clockedinto the crc least significantbitfirst.

The crc-generating polynomial, and the method of generating the crc byte are the same asfor the
downstream data; these are specified in 6.2.1.3.

7.2.2 Synchronization

The input data streams shall be synchronized to the ADSLclock using the synchronization contro!
byte and the LEX byte. Forward-error-correction coding is always applied to the synchronization
control byte(s).
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7.2.2.1 Synchronization for the fast data buffer

Synchronization control for the fast data buffer can occur in frames 2 through 33 and 36 through
67 of an ADSL superframe as described in 7.2.1.1, where the “fast" byte may be used as the
synchronization control byte.

The format of the "fast" byte when used as synchronization controlfor the fast data buffer shall be
as given in table 27.

In the case where nosignals are allocated to the interleaved data buffer, the “synch” byte shall
carry the aoc data directly as showninfigure 7.

Table 27 - Fast byte format for synchronization — Fast data buffer

|Bit_|Application_—s—CdSpecificusage
sc7-sc4 set to "0" until specified otherwise

LSX channel designator : channel LSO
; channel LS1
: channel LS2

: do nothing to any LSX channel

channel channel

Synch/eoc designator : perform synchronization control as indicated
in sc7-sct

: this byte of current (even-numbered) frame
and of frame that immediately follows is an
eoc frame

 Synchronization control for : add LEX byte to designated LSX channel
the designated LSX : delete last byte fram designated LSX

No synchronization action shall be taken for those framesin which the “fast" byte is used for cre,
fixed indicatorbits, or eoc.

Whenthe data rate of the C channelis 16 kbit/s, the LSO sub-channelshall be transported in the
LEX byte, using the "add LEX byte to designated LSX channel", with LSO as the designated
channel, every other frame on average.

7.2.2.2 Synchronization for the interleaved data buffer

Synchronization control for the interleaved data buffer can occur in frames 1 through 67 of an
ADSLsuperframe as described in 7.2.1.1, where the “synch” byte may be used as the
synchronization control byte.

The format of the "synch" byte when used as synchronization control for the interleaved data
bufferis given in table 28.
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Table 28 ~ Synch byte format for synchronization — Interleaved data buffer

|Bit___|ApplicationsdSpecificusage C‘CsC‘idz
|sc7-sc4|notused==——_|set to "O" until specified otherwise

LSX channel designator "00": channel LSO
"O01": channel LS1
"10": channel LS2

"11": do nothing to any LSX channel

Synchronization controlfor : add LEX byte to designated LSX channel
the designated LSX : delete last byte from designated LSX
channel channel

Synch/aoc designator : perform synchronization control as indicated
in sc3-se1

: LEX byte carries ADSL overhead control
channel!data; a delete synchronization
control may be allowedas indicated in sc3-
scl

 
No synchronization action shall be taken during frame 0, where the "synch" byte is usedfor crc,
and the LEX byte carries aoc.

Whenthe data rate of the C channelis 16 kbit/s, the LSO sub-channelshall be transported in the
LEX byte, using the "add LEX byte to designated LSX channel", with LSO as the designated
channel, every other frame on average.

7.3 Scramblers

Thebinary data streams output from the fast and interleaved buffers shall be scrambled
separately using the same algorithm as for the downstream signal, specified in 6.3

7.4 Forward error correction

The upstream data are Reed-Solomon coded and interleaved using the samealgorithm asfor the
downstream data, specified in 6.4.

7.5 Tone ordering

The tone ordering algorithm shall be the same as for the downstream data, specified in 6.5.

7.6 Constellation encoder — with trellis coding

Block processing of Wei's 16-state 4-dimensionaltrellis code to improve system performanceis
optional. If it is implemented, an algorithmic constellation encoder shall be used to construct
constellations with a maximum numberof bits equal 10 Nyomax: WHEFE Nyomax S 15.

The encoding algorithm is the same as that used for downstream data (with the substitution of the
constellation limit Of Nyomax fOr Naownmax): Specified in 6.6.

7.7 Constellation encoder — withouttrellis coding

An algorithmic constellation encoder shall be used to construct constellations with a maximum

numberof bits equal to Nyomax , where 15 2 Noma, 28. The encoding algorithm is the same as
that used for downstream data (with the substitution of the constellation limit of Nuomax for
Noownmax): Which is specified in 6.7. The constellation encoder doesnotusetrellis coding with this
option.
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7.8 Gain scaling

Eachpoint (X,, Y,) or complex number, Z, = X;+ jY,, Output from the encoderis multiplied by the
fine gain adjuster, g;:

Z'= 92;

The g, define a scaling of the rms sub-carrier levels relative tothose used In R-MEDLEY(see
12.7.8). They are independent of any methods that manufacturers may use to simplify
implementation (e.g., constellation nesting).

7.9 Modulation

The frequency spacing, Af, between sub-carriers shall be 4.3125 kHz with a tolerance of + 50
ppm.

7.9.1 Sub-carriers

7.9.1.1 Data sub-carriers

The channel analysis signal, defined in 11.5.2, allows for a maximum of 31 carriers (at
frequencies ndf, n=1 to 31) to be used. The lowerlimit on n is determined by the ADSL-POTS
splitting filters; if FDM is used to separate the upstream and downstream signals, the upperlimit
on nis set by the down-upsplitting filters. The cut-off frequencies of thesefilters are completely at
the discretion of the manufacturer becausein either case the range of usable n is determined
during the channel estimation.

7.9.1.2 Pllot

Carrier #16 (f = 69.0 kHz) shall be reservedfora pilot; that is by), = 0 and gj, = 1. The data
modulated onto thepilot sub-carrier shall be a constant {0,0}. Use of this pilot allows resolution in
a receiver of sample timing modulo-8 samples. Therefore a gross timing error that is an integer
multiple of 8 samples, could still persist after a micro-interruption (e.g., a temporary short-circuit,
opencircuit or severeline hit); correction of these is made possible by the use of the
synchronization symbol defined in 7.7.4.

7.9.1.3 Nyquist frequency

The carrier at the Nyquist frequency (#32) shall not be used for data; other possible uses are for
further study.

7.9.2 Modulation by the inverse discrete fourier transform

The modulating transform definesthe relationship betweenthe 64 real values x, and the 2;
63

xX, = L exp(jn ki/32) Z,'
ko

The encoderand scaler generate only 31 complex values of Z,' (plus zero at de and onereal
value if the Nyquist frequencyis used). In order to generate real values of x, these values shall be
augmented sothat the vector Z has Hermitian symmetry. Thatis,

Z,' = conj[Z,,'] fori =33 to 63

58
Copyright American National SlandardsInstilule Order Number: W1806786
Provided by IHS undarlicense wilh ANSI Sold to:MICHAEL J NEWTON [029940106001] - MIKE.NEWTON@ALSTON.COM,CcNo reproduction or networking parmitled wilhoul license from IHS Nol for Resale,2016-02-12 18:06:09 UT!

Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 74



Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 75

ANST T1-413 95 MM 0724150 OS2@blbe 3bb om

ANSI T1.413-1995

7.9.3 Synchronization symbol

The synchronization symbol permits recovery of the frame boundary after micro-interruptions that
might otherwise force retraining.

The symbolrate, f,,,,, = 4 kHz, the sub-carrler separation, Af = 4.3125 kHz, and the IDFT size,
N = 64, are suchthat a cyclic prefix of 5 samples couid be used. Thatis,

(64 +5) x 4.0 = 64 x 4.9125 = 276

The cyclic prefix, however, is shortened to 4 samples, and a synchronization symbol (with a
nominal length of 68 samples)is inserted after every 68 data symbols. Thatis,

(64 + 4) x 69 = (64 +5) x68

The data pattern used in the synchronization symbolis the pseudo-random sequence PRU (d,,
forn = 1 to 64), defined by

d,=1 forn=1to6
0, = Ing = Ing for n = 7 to 64

Thebits shall be used asfollows:thefirst pair of bits (d, and d,) is used for the de and Nyquist
sub-cartiers (the power assigned to them is, of course, zero, so thebits are effectively ignored);
then thefirst and secondbits of subsequentpairs are used to define the X, and Y,. for’ = 1 to 31
as follows:

Dons Gono Xp Vp

0 =6~O + +

Oo. 61 + =

1 #O - +

1 1 - -

NOTES

1 The period of PRU Is only 63 bits, so d,, = dj.

2 The d, — d, are re-initlalized for each symbol, so each symbol of C-REVERB1 uses the samedata.

Bits 33 and 34, which modulatethe pilot carrier (i=16) are overwritten by {0,0}, generating the
{+,+} constellation.

The minimum set of sub-carriers to be usedis the set used for data transmission (i.e., those for
which b, > 0); sub-carriers for which b, = 0 may be used at a reduced PSDasdefinedin 7.13.4.
The data modulated onto each sub-carrier shall be as defined above;it shall not depend on which
sub-carriers are used.

7.10 Cyclic prefix

The cyclic prefix shall be used for data and synchronization symbols beginning with segment R-
RATES1of the initialization sequence, as defined in 12.7.2.1
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Thelast 4 samples of the output of the IDFT (x, for k= 61 to 63) shall be prepended to the block
of 64 samples and read out to the DAC In sequence.Thatis, the subscripts, k, of the DAC
samples In sequenceare 60...63,0...63.

7.11 Transmitter dynamic range

Thetransmitter includesall analog transmitter functions: the D/A converter, the anti-aliasingfilter,
the hybrid circuitry, and the POTSsplitter. The transmitted signal shall conform to the frequency
requirements describedin 7.9.1 for frequency spacing.

7.11.1 Maximum clipping rate

The maximum output signal of the transmitter shall be such that the probability of the signal being
clipped Is no greater than 1077.

7.11.2 Noise/Distortion floor

The Signal to Noise plus Distortion (SINAD)ratio of the transmitted signal in a given sub-carrieris
defined as the ratio of the rms value of the full-amplitude tone in that sub-carrier to the ms sum of
all the non-tone signals in the 4.3125 kHz frequency band centered on the tone frequency. The
SINADis characterized for each sub-carrier used for transmission: SINADi represents the signal
to noise plus distortion available on the transmitted signal in the / th sub-carrier.

Over the transmission frequency band, the SINADof the transmitter in any sub-carrier (or DMT
tone) shall be no less than (3N,,, + 20) dB, where N,,,, is defined as the size of the constellation
(in bits) to be used in sub-carrier /. The minimum transmitter SINAD shall be at least 38 dB
(corresponding to an N,,,, of 6) for any sub-carrier.
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7.12 Transmitter spectral response

PSD
dBm/Hz

Passband ripple +3 dB

 
approx

3.4 30 138 181 224 kHz

Lower Upstream pass band Upper stop-band
stop-band
(POTS)

Figure 22 — ATU-R transmitter PSD mask

Figure 22 shows a representative spectral response maskfor the transmitted signal. For
purposesof this discussion, the pass band is defined as the frequency range over which the
modem transmits. The low frequency stop bandis defined as the POTS band. Thehigh
frequency stop bandis defined as frequencies greater than 181 kHz, which is approximately 10A/f
above the maximum pass band frequency (138 kHz).

7.12.1 Pass band response

The pass bandripple shall be no greater than + 3 dB, and the group delay variation over the pass
band shall not exceed 50 ps.

7.12.2 Low frequency stop bandrejection

The spectral characteristics of the output in the POTS band shall conform to the specificationsin
10.3.

7.12.3 High frequency stop band rejection

The PSDin the band above 181 kHz shall be at least 24 dB below the spectral density of the
pass-band mask. (see 12.4.3) The PSDin the band above 224 kHz (138 kHz+ 86 kHz) shall be
at least 48 dB below the spectral density of the pass-band mask.
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7.13 Transmit power spectral density and aggregate powerlevel

There are three different PSD masksfor the ATU-R transmit signal, depending on the type of
signal sent. In all cases the powerin the voice-bandthat is delivered to the POTSinterface shall
conform to the specification given in 10.2.

7.13.1 All initialization signals (except R-ECT) starting with R-REVERB1

The PSDin the band from 25 to 138 kHz, shall not exceed —38 dBm/Hzfor a total powerof not
greater than 13 dBm. The powerin the voice band delivered to the POTSinterface shall conform
to the requirements of 10.4.

7.13.2 R-ECT

Because R-ECTis a vendor-defined signal (see 12.5.4), the PSD specification shall be
interpreted only as a maximum. This maximum level is -38 dBm/Hz for the band from 18 — 138
kHz. Sub-carriers 1 ~ 4 may be used, but the powerin the voice-band that is delivered to the
POTSinterface shali conform to the specification given in 10.4.

7.13.3 Steady-state data signal

The transmit PSDin the frequency region from 25 — 138 kHz shall normally be -38 dBm/Hz with
a maximum of —35 dBm/Hz;levels lower than -—38 dBm/Hz on some sub-carriers are
discretionary. The aggregate powerlevel shall not exceed (-2 + 10 log ncup) dBm, where ncup
is the numberof sub-carriers used (13 dBmif all sub-carriers are used). The bits and gains table
(see C-B&G in 12.8.7), calculated by, and sent from the ATU-C duringinitialization, may eliminate
some of the sub-carriers, andfinely adjust(i.e., within a + 3 dB range)the levelof others in order
to equalize expected error rates on each of the sub-channels.

7.13.4. Synchronization symbol

The PSD of those sub-carriers for which b, > 0 or b; = 0 and g,> 0 shall be the same asforthe
initialization signal R-REVERB1; that is, nominally —38 dBm/Hz. The PSDfor those sub-carriers
for which b; =0 and g,=0shall be no higher than —48 dBm/Hz.

The PSD of a synchroniazation symbolthus differs from that of the data signals surroundingit by
the g,, which are applled only to the data carriers. These g, are calculated for the multipoint
constellations in order to equalize the expected error rate on all sub-channels, and are therefore
irrelevant for most of the 4QAM signals of the synchronization symbol.
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8 ADSL - POTSsplitter functional characteristics

When ADSLis provided with POTS on the sametwisted pair an ADSL — POTSsplitting function
shall be performed at each endoftheline.

At the ATU-Rthe splitting functions are

— combining the POTS and the ATU-R transmit signals towards the U-R;

— separating the POTS and ADSLsignals received from the U-R;

— protecting the POTS from voice-band interference from signals generated by both the
ATU-R and ATU-C;

— protecting both ATU-R and ATU-Creceivers from all POTS-related signals, particularly
dial pulses, ringing andring trip.

Protection of the ADSL receivers from those components of POTS-related signals thatfall in the
voice-band may bepartially performed by the receivers themselves,

Thesefunctions shall be performed while meeting all requirements for POTS performance, such
as echo and singing return loss, as specified in 10.1. Furthermore, these functions shall be
performed in such a waythatif either ATU is tumedoff, or if poweris lost, continuity through the
voice-band path is maintained, and telephone service is not interrupted.

The combination and separation of POTS and ADSLsignals is achieved by low-pass and high-
passfiltering. The POTS signal occupies the band up to 3.4 kHz; the bands occupled by the
ADSL upsteam and downstream signals are vendoroptions, but leakage of the signals into the
volce-band shall be constrained as defined in 10.4.

The functional! characteristics of the ADSL — POTS splitter at the ATU-C are the same as those at
the ATU-R,but the performance requirements may be different because of the different relative
levels of signals and interferences.

Copyrigh| American Nalional StandardsInsillute Order Number: W1806785 63Provided by IHS under license with ANSI Sold to:MICHAEL J NEWTON[029840100001] - MIKE NEWTON@ALSTON COM,
No reproduction or networking permilted withoullicense from IHS Not for Resale,2016-02-12 16:06:09 UTC

Petitioner Sirius XM Radio Inc.- Ex. 1004, p. 79



Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 80

ANST T1-413 95 MM 0724150 0526167 946

ANSI T1.413-1995

9 ATU-R to service module (T,,,) interface requirements

Twodistinctive T-interfaces are defined, see figure 23. The T, interface preserves the ADSL
channelization and the entire payload. The TTL-type signals at the T, interface with separate
clocks for each channelare intended for connection of the ADSLtransceiver to other elements

that sre located within a few centimeters. The T, interface is intended to provide a simple point-
to-point connection of the ATU-R to a service module, which may be 50 meters distant (greater
distancesare for further study). Both interfaces are optional and not necessary for compliance
with the standard. An additional composite, single-channel T interface is for further study.

Functionally, the T ,-interface preserves ADSL channelization and the entire payload, and the T,-
interface is designed as a simple point-to-point interface between the ADSL entrance unit and the
service module. Future issues of this standard may update this interface or specify a multipoint
ATU-R to SM interface. In particular, an additional composite, single channel T-interface is for
further study, and the T, -interface may or may not be includedin future issues of the standard.

9.1 T,-interface definitions

The T,-interface consists of a DATA and a clock (CLK)line for each of the four simplex ASX
channels and for each direction of each of the three duplex LSX channels. The CLKs emanating
from the ATU-R will not necessarily be smooth nor synchronous to one another. Any clock
smoothingwill be performed at the ATU-R to SM interface card.

The routing of proper ASX and LSX channels shall be performed by the ATU-Rto SM interface
card, An optional C-channel processoris specified for a multiple interface card configuration.
The LSO DATA and CLK from the ATU-R are passed to the C-channel processor before passing
to the individual interface cards. The demultiplexing process of the LSO channel can be
performedbyeither the C-channel processoror by the individual SM's. Inversely, the upstream
LSO DATAand CLKfrom each interlace card are collected and formatted at the C-channel

processor, whichin turn outputs a single upstream LSO DATA and CLKto the ATU-Rfor
transmission back to the ATU-C. DATAs and CLKsto and from the C-channel processorwill be
at standard logic levels, as specified in 9.1.1.

T,-interface signals and timing are defined asfollows:

— ASX Channels:

— Signal Levels: Standard TTLlogic levels;
— Data: NRZ;
— Clock: Standard logic levels, 50% (415%) duty cycle;
— Clock polarity: Data changes onrising clock edge;
— Nominal clock frequency: 1.536 MHz, 1.544 MHz, 3.072 MHz, 4.608 MHz,or 6.144
MHz, depending on configuration (2.048 MHz optional).

— LSX Channels:

— Signal levels: Standard TTLlogic levels;
- Data: NRZ;
— Glock: Standard logic levels, 50% (+15%) duty cycle;
- Glock polarity: Data changes onrising clock edge;
— Nominal clock frequency: 16 kHz, 64 kHz, 160 kHz, 384 kHz, or 576 kHz,
depending on configuration.
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92 T,-interface definitions

The T,-interface allows a point-to-point connection thatis at most 50 meters from the ADSL
entrance unit to the SM; greater distancesare for further study. The T,-interfaceis located at the
output of the ATU-R to SMinterface card and consists of three separate simplex channels:

— adownstream ASX channelto the SM;
-— adownstream LSO channelto the SM;
- anupstream LSO channel from the SM.

The optional LS1 (ISDN-BRA) channel and LS2 (HO) channelinterfaces may also be provided at
the T ,-interface.

Tg-interface signals andtiming are defined as follows:

— ASX channel:

— Wire type: Transformer-balanced,twisted-pair wire;
- Coding: B8&ZS;
~ Bit rates: 1.544, 1.536, 3.072, 4.608, or 6.144 Mbit/s depending on configuration
(2.048 Mbit/s optional with G.703 Interface);
— Maximum transmit level: 3 volts peak.

— LSO channel:

— Wire type: Transformer-balanced, twisted-pair wire;
— Coding: Biphase (Manchester);
— Bit Rates: 16 or 64 kbit/s depending on configuration;
- Interface: EIA RS-422.

~ LS1 Channel(optional) interface: ISDN-BRA U or S/T interface.

— LS2 channel(optional) interface: Partially filled T1 with same specifications as the ASX
channel above.

Order Number: W1806785
Sald to:MICHAEL J NEWTON [029940100001]«MIKE NEWTON@ALSTON COM,
Nolfor Resale,2016-02-12 18:06:09 UTC

Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 81

Copyright American National StandardsInstilule
Provided by IHS under license wilh ANSI
No reproduction or networking parmilted withoutlicanse from IHS



Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 82

ANSI 71-413 95 MM 0724150 O5eb169 710

ANSI T1.413-1995

Ta interface T B interface

 
 
 

  
 
 

ATU-R

 
  
  
   
 
 

 
 
 

 

DMT ASI ATU-R
transceiver to

service

Outside eee
loop interfacecard

POTS

Splitter

| Optional
for

C-Channel mulat
processor | interface

J card
- configuration

Other interface cards

Figure 23 — ADSLentranceunit block diagram
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10 Electrical characteristics

10.1. de characteristics

All requirements of this standard shall be metin the presenceof all POTS loop currents from 0
mA to 100 mA. Splitters shall pass POTStip-to-ring de voltages of 0 V to 105 V andringing
signals of 40 V to 150 V msat any frequency from 15.3 Hz to 68 Hz with a de componentin the
range from 0 V to 105 V.

The de resistance from tip-to-ring at the PSTNinterface with the U-C interface shorted,or at the
POTSinterface with the U-R interface shorted, shall be less than or equal to 25 ohms. The de
resistance from tip to ground and from ring to ground at the PSTNinterface with the U-C interface
open, or at the POTSinterface with the U-Rinterface open shall be greater than or equal to 5
megohms.

10.2 Voice-band characteristics

10.2.1 Metallic (differential mode)

A commontest setup shall be used for measurementof the voice-band insertion loss, attenuation
distortion, delay distortion, return loss, and noise and distortion. All measurements shall be
performed between the PSTN and POTSinterfaces of the ATU-C and ATU-R, respectively, with a
variety of reference loops between the U-C and U-R reference points. The following loops shall

, be used:

— anull loop;
— ANSI T1.601 resistance-designed loops 7, 9, and 13;
— Committee T1 TR 28 CSAloops4, 6, 7, and 8;
— 26 AWGwire pairs of lengths 0.5 kft, 2.0 kft, and 5.0 kft.

Figure 24 defines the test configuration and the value of the test componentsforall electrical
characteristics defined in this clause unless otherwise specified; not all equipment will be required
for all tests.

 
PSTN UC U-R POTS

Where:

ZTC  =900 ohmsin series with 2.16 uF for return loss measurements.
= 900 ohmsfor loss and noise measurements.

ZTR==600o0hms.

ZNL-C = 800 ohmsin parallel with the series connection of a 100 ohm
resistor and a 50 nF capacitor.

ZNL-R_ =1330 ohmsin parallel with the series connection of a 348 ohm
resistor and a 100 nF capacitor (provisional values).

Figure 24 — Test setup for transmission and impedance measurements
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10.2.1.1 Insertion loss

Foreach ofthe test loops specified in 10.1.2, and using the test set-up shownin figure 24, the
insertion loss from the PSTNinterface to the POTSinterface shall be measured with and without
the ATU-C and ATU-R connectedto the test loop. The impedanceof the test equipmentat the
PSTNinterface shall be 900 ohms,and the impedanceat the POTSInterface shall be 600 ohms.

Theincreasein insertion loss at 1004 Hz on anyof the test loops, due to the addition of the
splitters shall be < 1.0 dB,

10.2.1.2 Attenuation distortion

Thevariation of insertion loss with frequency of the combination of both POTSsplitters shall be
measured using the test setup shownin figure 24. The impedanceof the test equipmentat the
PSTNinterface shall be 900 ohms, and the impedanceof the test equipmentat the POTS
interface shall be 600 ohms. The added attenuationdistortion of the combined POTSsplitters
relative to loss at 1 KHz measured using eachofthe test loops identified above shall be not more
than + 1.0 dB at any frequency between 0.2 kHz and 3.4 kHz.

10.2.1.3 Delay distortion

The delay distortion of the POTSsplitters shall be measured using the test setupof figure 24.
The increase in envelope delaydistortion between 0.6 kHz and 3,2 kHz caused by the two POTS
splitters in each of the test loops shall be less than 200 nS.

10.2.1.4 Return loss

The ERL, SRL-low and SRL-high shall be measured at the PSTN and POTSinterfaces, for each of the 10
loops (except the null loop), under the following conditions:

— at the PSTNinterface with both the ATU-C and ATU-Rsplitters installed and the ATU-R
terminated in ZTR;
— at the PSTNinterface with the ATU-C splitter installed and the ATU-R terminated in ZTR;
— at the POTSinterface with both splitters installed and the ATU-C terminated in ZTC;
— at the POTSinterface with the ATU-R splitter installed and the ATU-C terminated in ZTC.

The ERL, SRL-low and SRL-high for each of these conditions shall exceed the values contained in table
29 for each loop.

Table 29 —- Minimum voice-band return losses at PSTN and POTSinterfaces

location splitter splitter dB dB dB

PSTNeeeeee 5
PSTN Pt{__§5.___|

PinSe
|Cot|

  

 
  

 
 
  

pe
pe

JpTS
POTSJ6 

Furthermore,it is desirable that the mean values of the ERL, SRL-low and SRL-high over the full suite of
10 loops be degraded aslittle as possible from the mean values with no splitters present. The
permissible amount of degradation is for further study.

10.2.1.5 Noise and distortion

The distortion contributed by the two POTSsplitters shall be measured using the test
configuration of figure 24 and the null loop.
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With an applied holding tone at —9 dBm,the Signal-to-C-notched noise ratio shall exceed 42 dB,
and the second- andthird-order intermodulation distortion products shall be at least 57 dB and 60
dB, respectively, below the received signal level.

NOTE —- While these measurements are often madewith a holding tone level of -13 dBm, a level of -9
dBm is specified for this application because It represents the maximum allowed signal powerfrom a
voice-band modem onto a POTSline.

10.2.2 Longitudinal (common mode)

10.2.2.1 Longitudinal output voltage

The ATU-C shail present to the U-C interface, and similarly the ATU-R shall present to the U-R
interface, a longitudinal component whose rms voltage in any 4 kHz band averagedin any 1
second period, is less than —50 dBv overthe frequency range 100 Hz to 1 MHz.

Figure 25 defines a measurement methodfor longitudinal output voltage. For direct use ofthis
test configuration, the ATU shall be able to generate a signal in the absenceof a received signal.
The ground reference for these measurements shall be the building or green wire ground at the
ATU.

 

 
67.5Q

(See note)

Spectrum

See me Soe 1 analyzer
NOTE— Theseresistors shall be matched to better than 0.1% tolerance.

Figure 25 — Measurement method for longitudinal output voltage

10.2.2.2 Longitudinal balance

Longitudinal balance at the PSTN and POTSinterfaces shall be > 58 dB from 0.2 kHz to 1 kHz
and >53 dB at 3 KHz, measuredin accordance with IEEE Standard 455,

10.3 ADSL band

10.3.1 Return loss

At the U-C and U-Rreference points the nominal impedance in the ADSL band shall be 100
ohms. The return loss relative to 100 ohmsin the frequency range from 30 — 1100 kHz shall be
210 dB.
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10.3.2 Longitudinal balance

Longitudinal balance at the U-C and U-R interfaces shall be > 40 dB overthe frequency range 20
kHz to 1100 kHz with the PSTN and POTSinterfaces terminated with ZTC and ZTR respectively.
Longitudinal balance is given by the equation

dBLBal = 20 log =
e  m

where:

@,= the applied longitudinal voltage (referencedto the building or green wire groundof
the ATU);

€,, = the resultant metallic voltage appearing across a terminating resistor.

Figure 26 defines a measurement methodfor longitudinal balance in the ADSL band. Fordirect
use of this test configuration, measurements shall be performed with the ATU powered up but
inactive, driving 0 Volts.

 
 
 

 502

(see note) 
 502

(see note)

 
 

Longitudinal
signal
generator

 
 
  
 

Measuring set
(well balanced) 
 

NOTE — Theseresistors to be matched to better than 0.03% tolerance

Figure 26 — Measurement methodfor longitudinal balance above 25 kHz

10.4 ADSLnoiseinterference into the POTScircuit

10.4.1 Steady state noise

The idle channel noise on the POTScircuit shall not exceed 18 dBrnC at elther the POTS orthe

PSTNinterfaces with the ADSL system installed whether operating or not operating.

The powerat any single frequency less than 15 kHz as measured by test equipmentwith a
bandwidth of 30 Hz shall not exceed the greater of 0 dBrn or 10 dB below the measuredidle
channelnoise.

10.4.2 Impulse noise

Duringinitialization and operation of the ADSL system, with no holding tone applied to the circuit
undertest, there shall be no more thanfifteen countsin fifteen minutes at a threshold of 47
dBmCOat either the PSTN or the POTSinterface.

70Copyright Amencen National Standards trattute Order Number: W1806785
Provided by IHS under license wilh ANSI Sold to:MICHAEL J NEWTON (029940100001] - MIKE.NEWTON@ALSTON.COM,
No reproduction or networking parmitted withoutlicense from IHS Nolfor Resale,2016-02-12 18:06:09 UTC

PetitionerSirius XM Radiotnc.= Ex. 1004, p. 86



Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 87

ANSI T1-413 95 MM 0724150 OS5eb174 086 MM

ANSI T1.413-1995

During initialization and operation of the ADSL system, with a —13 dBm0 holding tone at 1004 Hz
applied to the circuit undertest, there shall be no more thanfifteen countsin fifteen minutes at a
threshold of 65 dBmCOat either the PSTN or the POTSinterface.

These impulse noise requirements shall be met with each of the test loops specified in 10.2.1 with
the ADSL system forcedto re-initialize once per minute during the test interval.

1 Operations and maintenance

11.1 Embedded operations channel (eoc) requirements

An embedded operations channel for communication between the ATU-C and ATU-Rshall be
usedfor in-service and out-of-service maintenance,andfortheretrievalof a limited amountof
ATU-Rstatus information and ADSL performance monitoring parameters. The eoc may also be
usedin the future to extend maintenance and performance monitoring to the service module(s)at
the customer premises. The eoc channel is shared with user channel synchronization controlof
the fast data buffer. This clause describes the eoc functions, protocol, and commands. Insertion
of eoc frameswithin the ADSL data framesis described in 6.2 and 7.2.

11.1.1 eoc organization and protocol

The ADSLeocis organized into eoc frames, which are transmitted within the synchronization
control overhead of the fast data buffer, to allow the ATU-C (acting as master of the link) to
invoke commands and the ATU-R (acting as slave) to respond to the commands.

Whenit is not required for synchronization control, cre, or fixed indicatorbits, the "fast" byte of
two successive ADSL frames, beginning with an even-numberedframe as described in 6.2 and
7.2, shall be used to transmit one eoc frame, consisting of 13 bits. For the allowable user data
configurations (see 5,3), up to 32 eoc frames can be transmitted per ADSL superframe. The eoc
channelrate will vary from some minimum rate thatwill be dependent on the vendor's
synchronization control algorithm (to implement the synchronization control described in 6.2) to
about 23.7 kbit/s.

The ATU-C, as master, determines the eoc rate of the ADSLlink; therefore only one eoc frame
shall be Insertedin the upstream direction (by the ATU-R)for each received eoc frame. One
exceptionto this is for the "dying gasp" message, which is the only autonomous message
currently allowed from the ATU-Rand Is inserted as soon as upstream “fast” bytes are available.

The 13 bits of the eoc frame are defined in table 30. The assignmentof these bits to positions
within the "fast byte" is defined in 6.2 and 7.2. The eoc protocol states are defined in 11.1.4.

Table 30 ~ eoc bit functions

Description Notes
position

112 ——=—+|2__| Addressfield Can address4 locations
'3.~=———s—~S«*dS:sdYSssDatta (0) or opcode(1) field Data used for read/write

foByte parity field Multibyte transmissionOdd (1) or aven (0

Unspecified for ATU-C (set to|Reservedfor future use at
1) (see note) ATU-C
Autonomous ATU-R message|Used by ATU-R to send
(0) oraR response to ecc|“dying gasp"

6-18=©6[8 SEfield 58 opcodes,8 bits data
NOTE — The only autonomous messagecurrently defined for the ATU-Ris the “dying gasp"
11.1.4.4). Other uses of the eoc5 bit are for further study.
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11.1.2 eoc frame structure

The eoc frame shail contain 5 fields, defined in the following subclauses,

11.1.2.1 Address field

The twobits of the addressfield can address up to four locations. Only two locations are
presently defined:

— 11 forthe ATU-C;
— 00 for the ATU-R.

10 and 01 are reserved for future use.

11.1.2.2 Data or opcodefield

A 1 in thisfield indicates that the information field of the current eoc frame contains data; a 0 that
it contains an operation code for an ADSL eoc message.

11.1.2.3 Byte parity fleld

For the first byte of data that is to be either read or written, this bit shall be set to 1 to indicate
“odd" byte. For the next byte,it is set to 0 to indicate "even" byte and so on, alternately. This bit
helps to speed up multi-byte reads and writes of data by eliminating the need for intermediate
opcodesto indicate to the far end that the previous byte was successfully received.

11.1.2.4 Unspecified bit (ATU-C) / ATU-R autonomous messagefield

At the ATU-C, this field is reserved for future use, and until specified otherwise shall be set to 1 in
all eoc frames transmitted by the ATU-C. At the ATU-R,a 1 in this field shall designate that the
current eoc frame is an eoc protocol response (slave) message; a 0 thatit is an autonomous
message that does not disturb the current state of the eoc protocol at either the ATU-C or the
ATU-R. The only autonomous message currently defined for the ATU-R is the "dying gasp"
(11.1.4.4).

11.1.2.5 Informationfield

Up to 58different messagesor8 bits of binary or ASCII data may be encodedin the information
field.

The messagesetis restricted to codes that provide a minimum Hammingdistance of 2 between
all opcodes, and a minimum distance of 3 betweencertain critical codes and all other codes.

11.1.3 eoc message sets

The ATU-C sends commandsto the ATU-R to perform certain functions. Some of these
functions require the ATU-R to activate changesin the circuitry (e.g., to send cre bits that are
corrupt). Other functions that can be invokedare to read from and write into data registers
located at the ATU-R. The data registers are used for reading status- or performance-monitoring
parameters from the ATU-R,orfor limited maintenance extensions to the Cl wiring distribution
network or service modules.

Someof these commandsare "latching", meaning that a subsequent commandshall be required
to release the ATU-R from that state. Thus, multiple ADSL eoc-initiated actions can bein effect
simultaneously. A separate command,“Return To Normal", shall be used to uniatchall latched
states. This commandis also used to bring the ADSL system to a knownstate,theidle state,
when no commandsare active in the ATU-R location. To maintain the latched state, the
command "Hold State" shall be continually sent.

The ATU-C always issues the commands, and the ATU-R responds by acknowledgingto the
ATU-C that the message was received correctly.
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11.1.3.1 eoc message set requirements

Messages that may be sent by the ATU-R and ATU-C in responseto correctly received
messagesare:

— Hold State: This messageshall be sent by the ATU-C to the ATU-R to maintain the
ATU-R eoc processorand any active ADSL eoc-controlled operations (such as latching
commands)in their presentstate;

- Return to Normal(Idle Code): This messagereleasesall outstanding eoc-controlled
operations (latched conditions) at the ATU-R and returns the ADSLeocprocessortoits
initial state. This code Is also the message sentduring idle states:

— Unable to Comply Acknowledgment: The ATU-Rshall send this message whenit
receives an ADSL eoc messagethatit cannot perform either becauseit does not
recognize or implement the command or because the commandis unexpected, given the
current state of the ADSLeocinterface. An example of an unexpected commandis one
that Indicates that the information field contains data, but that was not preceded by a
"Write Data‘ command:

— Request Corrupt crc: This message requests the ATU-Rto send corrupt crcsto the
ATU-C until canceled by the "Request End of Corrupt ere” or “Return to Normal"
message.In order to allow multiple ADSL eoc-initiated actionsto be in effect
simultaneously, the "Request corrupt crc" commandshall be latching;

— Request End of Corrupt crc: This message requests the ATU-R to stop sending corrupt
crcs toward the ATU-C;

— Notify Corrupted crc: This messagenotifies the ATU-R thatintentionally corrupted
ercs will be sent from the ATU-C until cancellation is indicated by "Notify End of
Corrupted cre" or “Return to Normal";

- Notify End of Corrupted cre: This message notifies the ATU-R that the ATU-C has
stopped sending corrupted crcs;

— Perform Seif Test: This message requests the ATU-R to performaself test. The
result of the self test is stored in a register at the ATU-R. After the ATU-R selftest, the
ATU-C readsthetest results from the ATU-R register;

— Write Data (Register #): This message directs the ATU-R to enter the Data Write
Protocolstate and receive data in the register specified by the Opcode;

—- Read Data (Register #): This messagedirects the ATU-R to enter the Data Read
Protocolstate to transmit data to the ATU-C from the register specified by the Opcode;

— Next Byte: This messageis sent by the ATU-C in data read or data write modeafter
the ATU-R has acknowledgedthe previously sent read or write data command. This
messageis continually sent by the ATU-C whenit is in the data read or data write mode,
toggling bit four for multi-byte data, until all data have been read;

- End of Data: This message is sent by the ATU-Cafterit has sentall bytes of data to
the ATU-R. This messageis also sent by the ATU-R in response to a "Next Byte”
message from the ATU-Cthatis received after all bytes have been read or written from
the currently addressed ATU-R register;

~- Vendor Proprietary Opcodes: Four opcodes have been reserved for vendor
proprietary use. The ATU-C shall readthe ID (identification) code register of the ATU-R
to ensure compatibility between the ATUs before using proprietary opcodes;

— Undefined Command Codes: All command codes not defined are reserved for future
use, and shall not be used for any purpose.
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11.1.3.2 eoc opcode messages

Table 31 — eoc opcode messages

 
 

 [(HEX)|Opcodemeaning—Sss—s—s'|Notes
PO1.-t~t~—C*dCHState,=SSSCSCS~C~CS.TOCONtNUeSSONdingcorruptcrcs

PTtstesesienre[Aversaiernormal

|02 ———_—i| Perform "self test"

|07___~~~—~—_-'|Requestcorruptcrc(seenote)||Ss——C—C—C—C—sY
(08_———S*d|Requestendofcorruptere—|(iC
(0B——*|Notifycorruptcrc(seenote)| ——C—C—C
[OD———S——*dNottifyendofcoruptere==——|—“‘“‘“‘(CS*S*C*CSC*C™C™CS
POE.-—Sr—~—“‘*CUCEPOfatDSSCCC‘

ri0.—S—([Nextbyte—“—s—sdYSS——C‘CNCd
rE7sdéDyingGasp)—C—~—“*‘“SCCN™#C#*NS@ntiwbyATU-Ronilysd

(20,23,25,26) Write data register numbers 0
(29,2A,2C,2F)|through F
(31 ,32,34,37)
38,3B,3D

(40,43,45,46) Read data register numbers 0
(49,4A,4C,4F)|through F
(51,52,54,57)
58,58,5D,5E

pe19,1A,1C,1 Vendorproprietary protocols

NOTE — Latching conditions.   
 

The eoc opcode messagesspecified in table 31 guarantee a minimum Hammingdistance of 2
(by requiring odd parity for all but twocritical codes) betweenall opcodes, a minimum Hamming
distance of 3 betweenthe “Return to Normal"(or “idle") code and all other codes, and a minimum
Hamming distance of 3 between the “Dying Gasp" code andall other codes.

The following hexadecimal codes, whichstill maintain a minimum Hamming distance of 2, shall
not be used unless specified at some future time: 13, 15, 16, 80, 83, 85, 86, 89, BA, &C, SF,
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11.1.3.3 Data registers in the ATU-R

Table 32 summarizes the ATU-R data registers and their applications.

Table 32 — ATU-R data registers

|REG#(HEX)|USE__—i| LENGTH DESCRIPTION

|Read(R)|6bits ID code (ATU-R):

pe

bits 0-3: vendor |Ds 0 through F,

[Sefal# —s—Ciz
|ibyte _———_—_—i,: Self test results

bits 4,5: reserved for future use (set to
0

ReadMrite|Vendor Defined Vendordefined

   
 

  
 
 

  

   
  
  
  
  
  

   
  
 

version number:

bits 0-3: version numbers 0 throughF,
bits 4,5: reserved forfuture use (set to

 
 

 ATU-R Configuration (Note 1) :
one byte each for B-(ASO), B,(ASO),
B,(AS1), B,(AS1), B-(AS2), B,(AS2),
B,(AS3), B,(AS3), B-(LS0), B,(LSO),
B,(LS1), B(LS1), B-(LS2), B,(LS2)
FS(LS2) (downstream), B,(LSO), B,(LSO),
B,(LS1), 8(LS1), B-(LS2), B,(LS2)
FS(LS2) (upstream), Rysp Ay, S, /
(downstream), F4, A, S, / (upstream)
Service module maintenanceindicators

(Note 2):
bit 0: SM downstream sync
bit 1: SM downstream no sync
bit 2: SM upstream sync
bit 3: SM upstream no sync

|SEA-Freserved[reserved

1 ATU configuration parameterset (B{), B(), FS(LS2), Rye Rug: isp Aug: S, ) are defined in 6.2 and 7.2.
2 SM sync — no syncindicators defined in 11.5.

3 Registers A through F are reservedfor future use; ATU-R shall respond UTC (unable to comply) if requested
to read or write one of these registers.

 
 

 

 
 

 
 

  
  
  

 

 

11.1.4 eoc protocol states

The ADSL eoc protocol operatesin a repetitive command and response mode. The ATU-C acts
as the master and issues commands; the ATU-R acts as slave, and responds to the commands
issued by the ATU-C. Three identical properly-addressed consecutive messagesshall be
received before an action is initiated. Only one command and only three or fewer messages,
under the contro! of the ATU-C, shall be outstanding (i.e., unacknowledged) at any onetime.
(This restriction on the number of messages guarantees that an ATU-R with fewer opportunities
to insert eoc frames into the upstream path will be able to acknowledge all eoc messages from
the ATU-C.)
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Three types of responsesare allowed from the ATU-R;therefore three command and response
protocol states are allowed on the ADSL eoc. Thethree states are:

— message/echo-responseprotocol state;
— message/unable-to-Comply-responseprotocol state;
— message/data-responseprotocolstate.

In addition to these three states, one autonomous messageshall be allowed from the ATU-R to
the ATU-Cto indicate "dying gasp". This message does not changethe protocol state, nor does
it count as a response to any ATU-C message; however, other actions (e.g., an automatic reset
at the ATU-C) taken asaresult of receiving this message may lead to a changeofstate(e.g.,
backtoidle).

The eoc protocol shall enter the Message/Echo-response protocol state when the ATUs transition
from theinitialization and training sequenceto steady state transmission. The ATU-C shall
continuously send an appropriately addressed message. In order to cause the desired action in
the addressed location, the ATU-C shall continue to send the message until it receives three
identical consecutive eoc frames from the addressed location. The command and response
protocolfor that message shall be completed before a new message, which mayinduce a
different protocol state in the ATU-R, may be issued.

11.1.4.1. Message / echo-response protocol state

To initiate an action at the ATU-R, the ATU-C shall begin sending eoc messageswith the
Data/opcodeset to 0, and with the appropriate message opcodein the informationfield.

The ATU-R shall initiate action when, and only when,three identical, consecutive, and properly
addressed eoc framesthat contain a message recognized by the ATU-R have beenreceived.
The ATU-R shall respondto all received messages. The responseshall be an echoofthe
received ADSL eoc message. The combination of the ATU-C sending an ADSLeocframe and
the ATU-R echoing the frame back comprises the message/echo-responseprotocolstate.

For the ATU-C to confirm correct reception of the message by the ATU-R, the message / echo-
response ADSLeocprotocol state shall be repeated until the master node receives three
identical and consecutive echoes. This serves as an implicit acknowledgmentto the ATU-Cthat
the ATU-R hascorrectly received the transmitted message andis acting on it. This completes
the Message / Echo-responseprotocol mode.

Because eoc frames are inserted into ADSL frames only whenthe "fast byte” is available, the
amountof time It takes to complete a message undererror-free conditions will depend on the
vendors synchronization control algorithm, on the numberof signals allocated to the fast buffer,
and onthe rates of those signals.

The ATU-C may continuously send the activating message after the receipt of the three valid
echoes,or alternatively, it may switch to sending the “Hold State" message. If the message was
one of the latching commands, then the ATU-R shall maintain the commanded condition until the
ATU-C issues the appropriate commandthat ends the specific latched condition or until the ATU-
C issues the “Return to Normal" command(at which time all latched conditions in the ATU-R shall
be terminated).

11.1.4.2 Message / unabie-to-comply responseprotocol state

Whenthe ATU-R does not support a messagethat it has received three times identically and
consecutively, it shall respond with the Unable-To-Comply (UTC) ADSL eoc response message
with its own addressinlieu of a third Identical and consecutive echo. In this manner the ATU-R
will switch to the message / UTC-responseprotocolstate.
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The transmission by the ATU-R and reception by the ATU-C of three identical, consecutive,
properly-addressed Unable-To-Comply messagesconstitutesnotification to the ATU-C thatthe
ATU-R doesnot support the requested function, at which time the ATU-C may abandonits
attempt.

11.1.4.3 Message / data-responseprotocol state

The ATU-C caneither write data into, or read data from the ATU-R memory.

11.1.4.3.1 Data read protocol

To read data from the ATU-R, the ATU-C shail send an appropriate read opcode messageto the
ATU-R that specifies the register to be read. After receiving three identical and consecutive
acknowledgments, the ATU-C shall requestthefirst byte to be sent from the ATU-R by sending
"Next Byte" messageswithbit four set to 1, indicating a request for an "odd" byte. The ATU-R
shall respond to these “Next Byte" messages by echoing them until it has received three such
messages consecutively and identically. Beginning with the third such reception, the ATU-R shall
respond by sendingthefirst byte of the register in the informationfield of an ADSL eoc frame with
bit four set to 1 to indicate “odd byte" and with bit 3 set to 0 to indicate that the eoc frame is a
data frame (as opposed to a framethat contains an opcodein the informationfield). The ATU-C
continues to send the "Next Byte" messagewith bit four set to "odd byte”, and the ATU-R
continues to respond with a data frame containingthefirst byte of data andbit four equal to "odd
byte", until the ATU-C has received three consecutive and identical data frames with bit four set
to "odd byte".

If there are more data to be read, the ATU-C shall request the second byte of data by sending
"Next Byte" messageswith bit four set to 0 ("even byte"). The ATU-R echoesall messages
received until three such “Next Byte" messages have been received, and on the third consecutive
andidentical "Next Byte" message, the ATU-R starts sending data frames containing the second
byte of the register with bit four set to 0. The ATU-C continues to send the "Next Byte" message
with bit four set to “even byte", and the ATU-R continues to respond with a data frame containing
the identical data frames with bit four set to “even byte".

The process continuesfor the third and all subsequent bytes with the valueof bit four toggling
from “odd byte"to “even byte"or vice versa, on each succeeding byte. Each time bit four is
toggled, the ATU-R shall echofor two correct frames, and starts sending the data frame on the
third reception. The process ends only whenall data in the register have been read.

To continue reading data, once the ATU-Ris in the data read mode, the only messagethat the
ATU-C is allowed to send is the “Next Byte" message with bit four toggling. To end the data read
mode abnormally, the ATU-C shall send either "Hold State" or "Return to Normal", depending on
whetherany latched states are to be retained. If the ATU-R receives any other message three
times consecutively and identically while it is in data read mode, thenit shall go into a UTC mode.

If, after all bytes have been read from the ATU-Rregister, the ATU-C continues to send the "Next
Byte" messagewith bit four toggled, then the ATU-R shall send an "End of Data" message (with
bit three set to 1 indicating opcode).

The data read mode ends either when the ATU-C hasreceived the last requested data byte three
times consecutively and identically, or when the ATU-C has received three consecutive "End of
Data" messageswith bit three set to 7. The ATU-C shall then switch over to a knownstate with
the “Hold State" or "Return to Normal" message, and the ATU-Rshall release the register and
end the data read mode.
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11.1.4.3.2 Data write protocol

To write data to the ATU-R's memory, the ATU-C shall send a "Write Data" opcode message to
the ATU-R that specifies the register to be written. When the ATU-R acknowledgeswith three
consecutive echo messages, the ATU-C shall sendthe first byte of data. The ATU-R shall
acknowledgethe receipt of the byte with an echo of the message. After the ATU-C is satisfied
with three Identical and consecutive correct echo responses,It shall start sending the next byte of
data. Each time the ATU-C receives three identical and consecutive correct data echo

responses,it shall switch to sending the next byte of data. It shall also toggle the “odd/even" bit
accordingly. ("Next Byte” messagesare not used In the Data Write mode). The ATU-C shall end
the write mode with the “End of Data" messageindicating to the ATU-Rto release the register
and end the data write mode.

11.1.4.4 “dying gasp"

Whencircuits in the ATU-R detect that electrical power has been shutoff, the ATU-R shall insert
eoc framesinto the ADSL upstream data to implement a “dying gasp". The "dying gasp" eoc
frames shall have bit 5 set to 0 to indicate autonomous message,bit 3 set to 1 to indicate opcode,
and shall contain the “dying gasp" opcode (see table 31) in the information field. At least six of
these frames are inserted in the next (twelve) available ADSL upstream "fast" bytes beginning
with an even-numbered frame, regardless of the numberof eoc frames received in the
downstream channel.

Sending the “dying gasp" shall not cause the ATU-R to change the eoc protocol state, nor shall
receiving it cause the ATU-C to immediately changestate.

11.2 In-service performance monitoring and surveillance

Thefollowing terminology is used in this standard (see figure 27):

— Near-end: Near-end means performanceof the loop-side received signal at the input of
the ATUs;

— Far-end: Far-end means performance of the downstream loop-side received signal at
the input of the ATU-R, where this performanceis reported to the ATU-C in upstream
overheadindicators (see figure 27). Far-end also means performance of the upstream
loop-side received signal at the input of the ATU-C, where this performanceis reported
to the ATU-R in downstream overheadindicators; this case ts a mirror image of the
above;

— Primitives: Primitives are basic measures of performance, usually obtained from digital
signal line codes and frame formats, or as reported in overhead indicators from the far-
end. Performance primitives are categorized as events, anomalies and defects.
Primitives may also be basic measuresof other quantities (e.g., ac or battery power),
usually obtained from equipmentindicators;

- Events: Events are bit error related primitives that do not affect service performance
(fec and fecc);

- Anomalies: Anomalies are bit error related primitives that affect service performance
(cre and febe);

-~ Defects: Defects are signal or framing related primitives that are more disruptive to
service than anomalies (los,sef, rdi).
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Figure 27 - In-service surveillance of the ADSL link shown from the standpoint of the ATU-C

11.2.1 Digital transmission related primitives

11.2.1.1 Near-end events

Two near-end events are defined:

- Forward error correction (fec)-i: An fec-i event occurs when a received FEC codefor
the interleaved data stream indicates that errors have beencorrected;

- Forward error correction (fec)-ni: An fec-ni event occurs when a received FEC codefor
the non-interleaved data stream indicates that errors have been corrected.

11.2.1.2 Far-end events

Similarly, two far-end events are defined:

— Far-end forward error correction (ffec)-i: ffec-i shall be reported by the fecc-i indicator,
which is coded with oneindicatorbit (1 indicating that no event is present in the previous
superframe; 0 indicating that an event is present) in the overhead, and reported once per
ADSLsuperframe.

- Far-end forward error correction (ffec)-ni: fiec-ni shall be reported by the fecc-ni
indicator, which is coded and reported in the same way asan fecc-i.
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11.2.1.3 Near-end anomalies

Two near-end anomalies are defined:

— Cyclical redundancy check(erc)-i error: A crc-i anomaly occurs when a received CRC-
8 codeforthe interleaved data stream is not identical to the corresponding locally
generated code;

— Cyclical redundancy check(crc)-ni error: A cre-ni anomaly occurs when a received
CRC-8 codefor the non-interleaved data stream is not identical to the corresponding
locally generated code.

11.2.1.4 Far-end anomalies

Similarly, two far-end anomalies are defined:

— Far-end block error (febe)-i: A crc-i anomaly detected at the far-end shall be reported
by the febe-i indicator, which is coded with oneindicatorbit ( 7 indicating that no eventis
present in the previous superframe; 0 indicating that an event is present) in the overhead,
and reported once per ADSL superframe;

— Far-end block error (febe)-ni: A cre-ni anomaly detected at the far-end shall be
reported by the febe-niindicator, which is coded and reported in the same way as an
tebe-i.

11.2.1.5 Near-end defects

Two near-end defects are defined:

— Loss-of-signal (los): A pilot tone reference powershall be established by averaging
the ADSLpilot tone powerfor 0.1 after the start of steady state data transmission(i.e.,
after initialization). An LOS defect then occurs whenthe received ADSLpilot tone power,
averaged over a 0.1 s period, is 6 dB or more below the reference power. An LOSdefect
shall terminate when the received pilot tone power, averaged over a 0.1 s periodis less
than 6 dB below the reference;

- Severely errored frame (sef): An sef defect occurs when the content of two
consecutively received ADSL synchronization symbols does not match the expected
content. An sef defect terminates when the content of two consecutively received ADSL
synchronization symbols matches the expected content.

11.2.1.6 Far-end defects

- Loss-of-signal (los): An LOS defect as detected at the far-end shal! be reported by the
los indicator, which is coded with one indicatorbit (1 indicating that no defect is being
reported; 0 indicating that a defect is being reported) in the overhead, and reportedfor six
consecutive ADSL superframes;

A far-end los defect occurs when 4 or more out of 6 contiguouslos Indicators are
received set to 0. A far-end los defect terminates when 4 or more out of 6 contiguously
received los indicators are set to 1:

- Remote defectindication (rdi): An sef defect is reported by the rdi indicator, whichis
codedwith oneindicatorbit (1 indicating that no event is presentin the previous
superframe; 0 indicating that an eventis present) in the overhead, and reported once per
ADSL superframe. An rdi defect occurs whena received rdi indicator is set to 0. An rdi
defect terminates when a receivedrdiindicatoris set to 1.
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11.2.2 Other primitives

11.2.2.1 Other near-end primitives

Three other near-endprimitives are defined:

— Attenuation (atn): An atn primitive is the difference in dB between the power received
at the near-end and that transmitted from the far-end. Signal power in dBm is the sum of
all active DMT subcarrier powers averaged over a 1s period. An atn primitive is
expressed as an integer numberof dB ranging from a minimum of 0 to a maximum of 60
dB, so as to correspondto a sensible range ofatn;

- Signal-to-Noise ratio (snr) margin: An snr margin primitive represents the amount of
increased noise(in dB)relative to the noise powerthat the system is designed to tolerate
andstill meet the target BER of 10°”, accountingforall coding (e.g., Trellis code, FEC)
gains included in the design. An snr margin primitive is expressed as an integer number
of dB ranging from a minimum of x dB to a max. of y dB, with x and y for further study so
as to correspond to a sensible range of SNR;

— Loss-of-power(Ipr): An \pr primitive occurs when ATU powerdropsto a level equal to
or below the manufacturer-determined minimum powerlevel required to ensure proper
operation of the ATU. An Ipr primitive terminates when the powerlevel exceeds the
manufacturer-determined minimum powerlevel.

11.2.2.2 Other far-end primitives

Similarly, three other far-end primitives are defined:

— Attenuation (atn): An atn primitive as detected at the far-end shall be reported by the
atn indicator. A far end atn primitive occurs when oneatn indicator is received with value
not less than x and not more than y dB, with the values of x and y for further study. The
atn indicator Is reported in an eoc message;

— Signal-to-noise Ratio (snr) margin: An snr margin primitive as detected at the far-end
shall be reported by the snr margin indicator in an eoc message.A far-end snr margin
primitive occurs when one snr margin indicator is received with value not less than x and
not more than y dB, with the values of xandy forfurtherstudy;

— Loss-of-power(fpr): An |pr primitive as detected at the far-end shall be reported by the
Ipr indicator. A far-end Ipr primitive occurs when 4 out of 6 contiguousIpr indicators are
received. A far-end lpr primitive terminatesif the near signal remains present,i.e., if the
received 4 out of 6 contiguousIpr indicators are not followed by any near-end los defects
in the next 0.5 s (see los defect definition in 11.2.1.5);

TheIpr indicator is coded as an 8 bit emergency priority message in the ATU-R to ATU-C
overhead, and is reported in the next 6 available outgoing eoc frames (see the eoc
protocol for "dying gasp” in 11.1.4.4).

11.2.3 Failures and failure count parameters

11.2.3.1 Near-endfailures and failure count parameters

At the ATU-R, near-endfailures shall be manifested as LOS or LOF failure (e.g., red light), no
failures (e.g., green light), and LPR (e.g., no lights); failure count parameters are optional.

Thefollowing near-endfailures andfailure count parameters are required at the ATU-C:

Cepyight American Nalidnal Standards |
Provided ty IHS under license with ANSI

- Loss-of-signal (LOS): An LOSfailure is declared after 2.5 + 0.5 seconds of contiguous
los defect, or, if los defect is present whenthe criteria for LOF failure declaration have
been met (see LOF definition below). An LOSfailure is cleared after 10 + 0.5 secondsof
no los defect. An LOS failure count is the numberof occurrences of an LOSfailure event,
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wherea failure event occurs whenthefailure is declared, and ends whenthefailure
clears;

— Loss-of-frame (LOF): An LOF failure is declared after 2.5 + 0.5 seconds of contiguous
sef defect, except when anlos defectorfailure is present (see LOS definition above). A
LOFfailure is cleared when LOSfailure !s declared,or after 10 + 0.5 secondsof no sef
defect. An LOFfailure count is the numberof occurrences of an LOFfailure event, where
a failure event occurs whenthefailure is declared, and ends when thefailure clears;

- Loss-of-power (LPR): An LPRfailure is declared after the occurrenceof anIpr
primitive, followed by other-to-be determined conditions. This definition is under study.
An LPRfailure count is the number of occurrences of an LPRfailure event, where a
failure event occurs when thefailure is declared, and ends whenthefailure clears.

11.2.3.2 Far-end fallures and failure count parameters

The following far-endfailures and failure count parameters are required at the ATU-C (ATU-Ris
at the far-end), and are optional at the ATU-R (ATU-Cis at the far-end).

— Loss-of-signal (LOS): A far-end LOSfailure is declared after 2.5 + 0.5 secondsof
contiguousfar-end los defect, or,if far-end los defect is present whenthe criteria for LOF
failure declaration have been met (see below). A far-end LOSfallure Is clearedafter
10 + .5 secondsof no far-end los defect. An LOSfailure count is the numberof
occurrences of an LOSfailure event, whereafailure event occurs whenthefailure is
declared, and ends whenthefailure clears;

- Remotefailure indication (RFI): An RFI failure is declared after 2.5 + 0.5 secondsof
contiguousrdi defect, except whena far-end los defect orfailure is present (see above).
A RFIfailure is cleared when far-end LOSfallure is declared, or after 10 + 0.5 secondsof
no rdi defect. An RFI failure count is the numberof occurrences of a RFI failure event,
where a failure event occurs when the failure is declared, and ends whenthefailure
clears;

~ Loss-of-power (LPR): An LPRfailure is declared after receiving a far-end Ipr (dying
gasp-like) primitive followed by 2.5 + 0.5 seconds of contiguous near-end los defect. AN
LPRfailure is cleared after 10 + 0.5 seconds of no near-end los defect. An LPRfailure
count is the numberof occurrences of an LPRfailure event, where a failure event occurs
whenthefailure is declared, and ends whenthefailure clears.

11.2.4 Quality-of-service (QOS) parameter

11.2.4.1 Near-end QOS parameter

The near-end errored-second (ES) parameteris a count of one-secondintervals containing one
or more erc-i or cre-ni anomalies, or one or more los or sef defects.It is required at the ATU-C,
and is optional at the ATU-R.

11.2.4.2 Far-end QOS parameter

The far-end errored-second (ES) parameteris a count of one-secondintervals containing one or
more febe-i or febe-ni anomalies, or one or more far-endlosor rdi defects.It is required at the
ATU-C (ATU-Ris at the far-end), and is optional at the ATU-R (ATU-C is at the far-end).

11.2.5 Test parameters

The attenuation (ATN) and signal-to-noise ratio (SNR) margin test parameters apply to on-
demand test requests; e.g., to check for adequate physical media performance margin at
acceptanceandafter repair verification, or at any other time following the execution of
initialization and training sequence of the ADSL system. ATN and SNR, as measured by the
receivers at both the ATU-C and the ATU-R shall be externally accessible from the ATU-C, but
they are not required to be continuously monitored.
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11.2.5.1 Near-end test parameters

The following near-end test parameters are required at the ATU-C, and are optionalat the
ATU-R.

~ Attenuation (ATN): An atn primitive is the difference in dB between transmitted and
received signal power. Signal powerin dBm is the sum ofall active DMT subcarrier
powers averaged over a { s period. An atn primitive ls expressed as an Integer number
of dB ranging from a min.of x to a max. of y dB, x andy for further study so as to
correspondto a sensible range of atn. An attenuation parameteris an instance of an atn
primitive in response to an on-demand ATNtest request:

- Signal-to-noise ratio (SNR) margin: An instance of an snr primitive (dB), in response to
an on-demand SNR margin test request.

11.2.5.2 Far-end test parameters

The following far-end test parameters are required at the ATU-C (ATU-Risat the far-end), and
are optional at the ATU-R (ATU-Cis at the far-end):

~ Attenuation (ATN): An instance of a far-end atn primitive (dB);

- Signal-to-noise ratio (SNR) margin: An instance of a far-end atn primitive (dB).

11.2.6 Performance monitoring functions

Near-end functions are required at the ATU-C, and are optional at the ATU-R. Far-end functions
are required at the ATU-C (ATU-Ris at the far-end), and are optional at the ATU-R (ATU-Cis at
the far-end).

11.2.6.1 Performance data storage

The following data registers are defined:

- Acurrent 15 minute and a current 1 day register shall be provided for each near-end
and for each far-endfailure count and QOS parameter;
— Aprevious 15 minute and a previous 1 day register shall be provided for each near-
end andfor each far-endfailure count and QOS parameter;
— Acurrent and a previous register shall be provided for each near-end and for each
far-end test parameter;
- Ashared resource of 96 individual 15-minute registers per failure count and QOS
parameter shall be assignable on-demand to a specific ADSLlink. These registers shall
not exceed about 10 % of the total dedicatedfailure count and QOS parameter memory
resource requirements forall links over which this resource is shared.

NOTES

- Register sizes shall either accommodate maximum event counts or values, or have a minimum
size of 16 bits;
- Register operation (e.g., pegging at the maximum value,resetting, setting of Invalid data flag,
etc.) shall comply with clause 9 of ANS! T1.231;
- Register invalid data flags shall be setif the ATUs are powered downduring all or part of the
accumulation interval (15 minutes or one day).
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11.2.6.2 Performance data reporting

Performance data shall be reportable on demand (not scheduled) when queried by an operations
entity.

11.3 Metallic testing

For further study

11.4 OQut-of-service testing

For further study

11.5 Requirements to support OAM of the segment between ATU-R and SM

Requirements are expressed in termsof various indications for each direction of the segment
between ATU-R and SM (downstream ATU-R to SM, and upstream SM to ATU-R). Downstream
Indications are also reported upstream from SMsto the ATU-R.

OAM of the ATU-R/ SM segmentis null for SMsintegrated in the ATU-R. For non-integrated
SMs, requirements are as shownin figure 28,

Report of downstream Sync. Doeneteaea one
and No Sync.status (2 bits) Nee vEue indications

ow Initiate upstream
83 wae" tast signal (if noi upstream continuous

service oridle signal)

(with simple formatin existing return path)
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(each OR'd across all SMs)
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(each OR'd acrossall SMs} sa,
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9oc report of mamory
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NOTE- Visual indicators are shown as an example; notall Implementations may provide them.

Figure 28 —- OAM capabilities for the segment between ATU-R and the service module

11.5.1 SM requirements

The requirements for the service module (SM)are:

a) It shall detect separate downstream sync and no sync conditions. No sync is detected
after 2.5 + 0.5 secondsofpersistentinability to acquire sync. Sync is detected after sync
acquisition followed by 10 + .5 secondsofpersistent retention of sync;

b) It shall provide downstream sync and no syncindications, with corresponding
interpretations. Exemplary interpretations are shownin table 33;
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c) It shall report separate downstream sync and no sync status from SM to ATU-R(2bits)
in a simple format(for further study) on an existing return path (for further study) (@.g.,
control channel). For a single SM, the 2 bits shall have the interpretation specified in table
34. These interpretations are consistent with the indications in SM requirement (b) above;

Table 33 — Sync and no syncinterpretation (downstream)

Interpretation

SM not powered
[Nosync
off

synchronized

fof
fon—sSYS

  
 

 
  

SM synchronized

Invalid
 

 

 

 

[Sync
poff,

fon
fond

Table 34 — Sync and no syncinterpretation for single SM

'Syncbit——S———_—s|No syncbit Interpretation

Tl

 
SM not poweredfOr
SM powered but not
synchronized

fO
‘7

 
 
SM synchronized

Invalid

d) For services with upstream signals to which the ATU-R cannot continuously
synchronize, the SM shall be able to sendeitheran idle signal, or a locally-initiated test
signal to the ATU-Rfora (for further study) (e.g., 5) minute time-out period. The formats
of these signals shall enable the ATU-R to synchronize to them in the same manner as
for upstream service signals;

e) It shall be able to send a control channel (CC) acknowledge (ACK) message to the
network in response to a CC query messagefrom the network. Message formats are for
further study.

11.5.2 ATU-R requirements

The requirements for the ATU-R are:

a) It shall detect separate upstream sync and no sync conditions (see requirement (d)
below). No sync is detected after 2.5 + 0.5 secondsof persistentinability to acquire sync.
Sync is detected after sync acquisition followed by 10 + 0.5 secondsofpersistent
retention of sync. Sync conditions from all SMs shall be logically OR’d into 1 bit, and no
sync conditions from all SMs shall be logically OR'd into anotherbit;

b) It shall store the upstream OR'd sync. and OR'd nosyncstatus(2 bits). For multiple
SMs,the twobits shall have the interpretation specified In table 35;
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Table 35 ~ Sync and no syncinterpretation for multiple SMs

Interpretation

No SMs powered

At least 1 SM powered but not
synchronized \

Some SMssynchronized,
others poweredbut not
synchronized

jOsd

1OoO.-8F-™r—r——CC*#"|At least. 1 SM synchronized 
c) It shall provide upstream OR'd syne and OR'd no syncindications (see requirement
(d) below), consistent with the bit interpretations in ATU-R requirement (b) above. One
exampleis:

Syne No. Syne. Interpretation
off off No SMs powered
off on (e.g., red) At least 1 SM powered but not synchronized
on (e.g., green) off At least 1 SM synchronized
on (e.g., green) on (e.g., red) Some SMs synchronized, others powered

but not synchronized

d) Syne and no syne Indications in ATU-R requirements (a) to (c) in this list apply to
upstream service signals to which the ATU-R can continuously synchronize. Otherwise,
an upstream idle signal, or the test signal in SM requirement(d) of 11.5.1 above shall be
detected. With upstream idle signals, ATU-R detection, storage and indications and
interpretations are as per ATU-R requirements (a) to (c) above. The samels true with
the upstream test signal, during the time thetest signal is being sent;

e) It shall detect separate downstream sync and no sync status reports from SMs, and
logically OR each across all SMs, where OR’ing is as described in ATU-R requirement(a)
in thislist;

f) It shall store the downstream OR'd sync and OR'd no sync status (2 bits). For multiple
SMs,the 2 bits shall have the same interpretation as for the upstream case in ATU-R
requirement(b) in thislist;

g) It shall provide downstream OR'd syne and OR'd no syncindications consistent with
ATU-R requirement(c) in thislist;

h) In response to an eoc request message from the ATU-C, it shall send a single eoc
report of the upstream and downstream OR'd syne and OR'd no syncsiatus to the ATU-
C (4 bits).

11.5.3 ATU-C requirements

As per the ATU-R requirement 11.5.2(h), when requested by the network, the ATU-C shall be
able to send an eoc message to retrieve the upstream and downstream OR'd syne and OR'd no
sync status (4 bits), and to receive the corresponding eoc status report from the ATU-R.
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12 Initialization

12.1 Overview

12.1.1 Basic functionsofinitialization

ADSLtransceiverinitialization is required in order for a physically connected ATU-R and ATU-C
‘ pair to establish a communicationslink. Establishment maybeinitiated by the ATU-C or the
’ ATU-Rasfollows:

- An ATU-C,after power-up or loss of signal, and an optional self-test, may transmit
activation tones (12.2) and await a response from the ATU-R (12.3.3). It shall make no
more than two attempts; if no responseis received it shall wait for an activation request
from the ATU-R (12.3.1) or an instruction from the networkto retry;

— An ATU-R,after power-up and an optional self-test, may repeatedly transmit activate
request (12.3). If, however, the ATU-R receives C-TONEit shall remain silent for
approximately one minute (12.3.2), unlessit detects an activation signal (12.2.2).

In order to maximize the throughput and reliability of this link, ADSL transceivers shall determine
certain relevant attributes of the connecting channel and establish transmission and processing
characteristics suitable to that channel. The timeline of figure 29 provides an overview ofthis
process. In figure 29 each receiver can determine the relevant attributes of the channel through
the transceivertraining and channel analysis procedures. Certain processing and transmission
characteristics can also be established at each receiver during this time. During the exchange
process eachreceiver shares with Its corresponding far-end transmitter certain transmission
settings that it expects to see. Specifically, each receiver communicatesto its far-end transmitter
the numberof bits and relative powerlevels to be used on each DMTsub-carrier, as well as any
messages andfinal data rates information. For highest performancethese settings shall be
based on the results obtained through the transceiver training and channel analysis procedures,

ATU-C

Activation and Transceivertraining|Channel analysis Exchange
acknowledgment
12.2 12.4 12.6 12.8 

ATU-R

Activation and Transceivertraining|Channel analysis Exchange
acknowledgment
12.3 12.5 12.7 12.9

time >

  
Figure 29 — Overview ofinltialization

Determination of channelattribute values and establishmentof transmission characteristics

requires that each transceiver produce, and appropriately respond to, a specific set of precisely-
timed signals. This clause describes theseinitialization signals, along with the rules that
determine the properstarting and ending time for each signat. This description is made through
the definition ofinitialization states in which each transceiverwill reside, and the definition of
initialization signals that each transceiverwill generate.
A state and the signal generated while in that state have the same name, which may sometimes,
for clarity, be prefixed by "state" or "signal".

The sequenceof generated downstream and upstream signals for a successfulinitialization
procedure is shownby the time-lines of figures 30 - 33. The dashedarrow indicates that the
changeof state is caused by a successful reception of a specific signal. For example, in figure 32
ATU-Rshail stay in state R-REVERBSuntilit finishes receiving C-CRC2, at which pointit shall
move to R-SEGUE2after an appropriate delay (see 12.7.2).
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The description of a signalwill consist of three parts:

- Thefirst part is a description of the voltage waveform that the transmitter shall produce
at its output whenin the correspondingstate;

The output voltage waveform of a giveninitialization signal is described using the DMT
transmitter reference model shown In figure 2. Figure 2 is not a requirement or
suggestion for building a DMT transmitter. Rather, it is a modelforfacilitating accurate
and concise DMTsignal waveform descriptions. In figure 2 X, is DMT sub-carrier k
(defined in the frequency domain), and x, is the kth IDFT output sample (defined in the
time domain). The DAC and analog processing block offigure 2 construct the continuous
transmit voltage waveform correspondingto the discrete digital Input samples. More
precise specifications for this analog block arise indirectly from the analog transmit signal
linearity and powerspectral density specifications of 10.1, The use of figure 2 as a
transmitter reference modelallowsall initialization signal waveforms to be described
through the sub-carrier sequence X,,, required to producethat signal. Allowable
differences in the characteristics of different digital to analog and analog processing
blocks will produce somewhatdifferent continuous-time voltage waveforms for the same
initialization signal. However, a complianttransmitterwill produceinitialization signals
whose underlying DMT sub-carrier sequences match exactly those providedin the signal
descriptions of 12.2 to 12.9;

— The secondis a statementof the required duration, expressed in DMT symbolperiods,
of the signal. This signal duration may be a constant or may depend uponthe detected
state of the far end transcelver. The duration of a single DMT symbol period depends on
whetherthe cyclic prefix is being used; someinitialization signals contain a cyclic prefix,
and some do not. ATU-C signals up to and including C-SEGUE1 are transmitted without
a cyclic prefix; those from C-RATES1 onare transmitted with a prefix. Similarly, ATU-R
signals up to and including R-SEGUE1 do not use a prefix; those from R-REVERB3 on
do. The duration of any signal In secondsis therefore the defined number of symbol
periods times the duration of the symbol being used;

— Thethird part of a signal's description is a statement of the rule specifying the next
state.

12.1.2 Transparency to methods of separating upstream and downstream signals.

Manufacturers may choose to implementthis standard using either frequency-division-
multiplexing (FDM) or echo canceling (EC) to separate upstream and downstream signals. The
initialization procedure described here ensures compatibility between these different
Implementations by specifying all upstream and downstream control signals to be in the
appropriate, but narrower, frequency bands that would be used by an FDMtransceiver, and by
defining a time period during which an EC transceivercantrain its echo canceler.

12.1.3 Resetting duringinitialization and data transmission

lf errors or malfunctions are detected or timeoutlimits are exceeded at various points in the
initialization sequence, the ATU-C and ATU-R shall return to theinitial states C-QUIET1 and R-
ACT-REQ,respectively, for retraining. Furthermore, someerrors detected during data
transmission(i.e., after a successful initialization) may also require retraining. An example of an
overall state diagram is shownin annex A, but the specific retralning proceduresareforfurther
study.
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ATU-C

C-IDLE /C-QUIET1 C-ACT1, 2, 3, or 4 C-QUIET2
/C-TONE 

ATU-R

R-ACT-REQ/R-QUIET1 R-ACK1 or R-ACK2

Figure 30 — Timing diagram of activation and acknowledgment(12.2-12.3)

12.2. Activation and acknowledgment — ATU-C

A hostcontroller may be used to monitor the ATU-C activities and keep track of the state of the
ATU-Cif errors or malfunctions occur that require resetting to C-QUIET1, andretraining.

12.2.1 Pre-activate states

There are three mandatory pre-activation states at the ATU-C:

— C-QUIET1;
~ C-IDLE;
~- C-TONE.

The transitions between these and other vendor-optional states are shownin figure A.1, and
described in annex A.

12.2.1.1 C-QUIET1

Upon power-up and after an optional self-test the ATU-C shall enter state C-QUIET1,

NOTE — QUIET and IDLEsignals are defined as zero outputvoltage from the DACoffigure 2.

Whenthe ATU-Cis in C-QUIET1, either a command from the host controller or a successful
detection of R-ACT-REQ (defined as detecting 128 consecutive symbols of active R-ACT-REQ
signal followed by silent symbols) shall cause It to go to state C-ACT (see 12.2.2). To ensurefull
compatibility between FDM and EC systems, the ATU-C transmitter shall remain in state C-
QUIET1 until the ATU-C receiver no longer detects the R-ACT-REQ signal. (|.e., detects thefirst
symbol of R-QUIET1).

Alternatively, the host controller may command the ATU-C to enter C-IDLE.

12.2.1.2 C-IDLE

The ATU-C shall enter C-IDLE from C-QUIET1 in response to a host command. Thedifference
between states C-QUIET1 and C-IDLEis that the ATU-C receiver reacts to R-ACT-REQin C-
QUIET1, but ignoresit in C-IDLE,

lf R-ACT-REQis detected while in C-IDLE state, the host controller may elect to go to state C-
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The ATU-C shall stay in C-IDLE indefinitely until the host controller issues the appropriate
commandto goto elther state C-TONE (12.2.1.3), C-QUIET1 (12.2.1.1), C-ACT (12.2.2), or C-
SELFTEST.

NOTE - C-SELFTESTIs not defined herein;it is a vendor-option that does not affect compatibility.

12.2.1.3 C-TONE

The ATU-C shall transmit C-TONEto instruct the ATU-R not to transmit R-ACT-REQ. C-TONEis

a single frequency sinusoid at fo.toye = 310.5 kHz.

Referring to figure 2, C-TONEis defined as

0,k #72,0S kK S$ 256

Xx 7 Asc-tone** =72
where Ac.tone shall be such that the transmit powerlevel is -4 dBm (approximately —-40 dBnVHz
over 4.3125 kHz) forthe first 64 symbols, and —28 dBm for the second 64 symbols. This signal
shall be transmitted for 128 consecutive symbols, and no cyclic prefix is used. C-IDLE
immediately follows C-TONE.

12.2.2 C-Activate

To allow for inter-operability between FDM and EC systems, and amongdifferent vendors with
different implementation of such systems, four activate signals, C-ACT1 to C-ACT4 are defined.
These shall be used to distinguish different system requirementsfor loop timing and useof a pilot
tone. These four signals are mutually exclusive; any given ATU-C shall transmit one and only
one. Throughout the remainderof this document the generic term C-ACTwill refer to the
appropriate state and signal.

Looptiming is defined as the combination of the slaving of an ADC clockto the received signal
(i.e., to the other transceiver's DAC clock), andtying the local DAC and ADCclocks together.
Only one of the two transceivers can perform loop timing.

12.2.2.1 C-ACT1

The ATU-C shall transmit C-ACT1to initiate a communicationlink to the ATU-R when the ATU-C
will perform loop-timing, and the ATU-C cannot accept a pilot during R-QUIET3/R-PILOT1.

C-ACT1is a single frequency sinusoid at fo47, = 207 kHz. Referring to figure 2, C-ACT1 is
defined by

o#48,0<k < 256k Ac-act* = 48

where Ag.act, Shall be such that the transmit powerlevel is —4 dBm (approximately —40
dBm/Hz over 4.3125 kHz) for the first 64 symbols, and —28 dBm for the second 64 symbols. This
signal shall be transmitted for 128 consecutive symbols without a cyclic prefix. C-QUIET2
immediately follows C-ACT1.

12.2.2.2 C-ACT2

The ATU-C shall transmit C-ACT2to initiate a communication link to the ATU-R when the ATU-C

will not perform loop-timing, and the ATU-C cannot accepta pilot during R-QUIET3/R-PILOT1.
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C-ACT2is a single frequency sinusoid at fo_so7> = 189.75 kHz, defined by

0,K #44,0<k < 256X; -| Ae-ncre'* = 44
The level and duration of C-ACT2 shall be the same as those of C-ACT1. C-QUIET2 immediately
follows C-ACT2.

12.2.2.3 C-ACT3

: The ATU-C shall transmit C-ACTSto initiate a communication link to the ATU-R when the ATU-C
: will perform loop-timing , and the ATU-C requestsapilot from the ATU-R during R-QUIET3/R-

PILOT1. The decision whether to transmit R-PILOT1is at the discretion of the vendorof the ATU-
(RR

C-ACTSis a single frequency sinusoid at fo.,o74 = 224.25 kHz, defined by

0,kK # 52,05 k § 256

x Ac-acra'* = 52
The level and duration of C-ACT3 shall be the same as those of C-ACT1.

12.2.2.4 C-ACT4

The ATU-C shall transmit C-ACT4 to Initiate a communication link to the ATU-R when the ATU-C
will not perform loop-timing, and the ATU-C requests a pilot from the ATU-R during R-QUIET3/R-
PILOT1. The decision whetherto transmit R-PILOT1is at the discretion of the vendorof the ATU-R.

C-ACT4is a single frequency sinusoid at fg.act, = 258.75 kHz, defined by

0,k #60,0<k < 256

Xx. Ac-acra'k = 69
The level and duration of C-ACT4 shall be the same as those of C-ACT1.

12.2.3 C-QUIET2

The purpose of C-QUIET2is to allow the detection of R-ACK1 without the need to train the ATU-
C echo canceller. The duration of C-QUIET2 is 128 symbols.

After C-QUIET2, ATU-C shall enter one of three states:

- C-REVEILLE: If the ATU-C detects R-ACK (see 12.3.3) it shall enter the state C-
REVEILLE. Even if the ATU-C detects R-ACKin fewer than 128 symbols,the full
duration of C-QUIET2 shall be maintained;
- C-ACT;If the ATU-C fails to detect R-ACK, and the state C-ACT has not been entered
more than twice the ATU-C shall enter the state C-ACT. (A counter, whichis reset upon
entering C-QUIET1, should keep track of how many times ATU-C goes from C-QUIET2
and back to C-ACT);
— C-QUIETT: If the ATU-C does not detect R-ACKafter returning twice to C-ACTit shall
return to C-QUIET1.
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12.3 Activation and acknowledgment — ATU-R

As in the ATU-C, a host controller may be used to monitor the ATU-R activities, and keeptrackof
the state of the ATU-Rif errors or malfunctions occur that require resetting to R-ACT-REQ.

12.3.1 R-ACT-REQ

R-ACT-REQis used whenit is desirable for the ATU-Rtoinitiate a communicationlink to the
ATU-C. One example is when a customer at ATU-R requests a service. R-ACT-REQis
transmitted after power-up and an optional successful self-test (see annex A). It is a single
sinusoid at fy-act-REq = 34.5 kHz, which,referring to figure 3, is defined by

xX An enka«” |An-act-nea'* =8

where Ap.act-rReg Shall be such that the transmit powerlevel is -2 dBm (approximately —38
dBm/Hz over 4.3125 kHz) forthe first 64 symbols and -22 dBmfor the second 64 symbols, and
An-actneq = 0 for the next 896 symbols. This signalis transmitted for 1024 consecutive symbols.

The ATU-Rshall stay in R-ACT-REQindefinitely (i.e., transmitting the single tone signal for 128
symbols, then shutting the signal off for 896 symbols, and then repeating the process) until either

— a successful detection of C-ACT signal from the ATU-C, in which case the ATU-R shall
enter R-ACKas soonasthe full duration of C-ACT signal has been detected;
— a successful detection of C-TONE signal from the ATU-C,in which case the ATU-R
shall enter R-QUIET1.

12.3.2 R-QUIET1

The duration of R-QUIET1 depends upon whether the ATU-R detects C-ACT:

—- if the ATU-R detects C-ACTit shall immediately enter R-ACK;
— if it does not,it shall remain quiet for 240,000 symbols (approximately 60 seconds) and
then re-enter R-ACT-REQ.

12.3.3 R-Acknowledge

.R-Acknowledgeis transmitted by the ATU-R, as an acknowledgmentof the detection of C-ACT,
in order to continueinitiating a communication link to the ATU-C. Three acknowledge signals are
defined. The uses of R-ACK1 and R-ACK2are defined; the use of R-ACKSis for further study.
Throughoutthe rest of this document the generic term R-ACKwill refer to the appropriate state
and signai.

12.3.3.1 R-ACK1

R-ACK1signifies that the ATU-R cannot accept a pilot during C-QUIET3, C-QUIET4, or C-
QUIETS.It is a single sinusoid at fy.acy, = 43.125 kHz defined by

0,k #10,0<Sk<32cay
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where Apack; Shall be such that the transmit power level is —-2 dBm (approximately -38 dBm/Hz
over 4.3125 kHz) for the first 64 symbols and —22 dBm for the second 64 symbols. This signal
shall be transmitted for 128 consecutive symbols. R-QUIET2 follows immediately after R-ACK1,

12.3.3.2 R-ACK2

R-ACK2 signifies that the ATU-R requires a pilot during C-QUIET3, C-QUIET4, and C-QUIETS.It
ls a single sinusoid at fp.ack, = 34.5 KHz defined by

_ 0,k 412,0<k<32
Xx An-acxe’k = 12
The level and duration of R-ACK2 shall be the same as those of R-ACK1.

12.3.3.3 R-ACK3

R-ACKSis reserved forfuture initialization options.It is a single sinusoid at fpacyg = 60.375 kHz
defined by

x v#14,0¢k<327 Ap-acks’* = 14

The level and duration of R-ACK3 shall be the same as those of R-ACK1.

12.4 Transceiver training - ATU-C

This subclause and 12.5 define the signals transmitted during transceivertraining by the ATU-C
and ATU-R, respectively. Synchronization of the mutual training begins with the transmission of
R-REVERB1 (see 12.5.2), and is maintained throughout training by both transceivers counting
the numberof symbols from that point on. Thus C-REVEILLE always coincides with R-QUIET2,
C-QUIET5 or C-PILOT3 coincides with R-ECT, and so on.

ATU-C

 Cc C- C-QUIETS C-REVERB3
REVEILLE|QUIET3|REVERB1|QUIET4 or

C-PILOT3

R-QUIET2|R-REVERB1 R-QUIETS or R- R-ECT R-REVERB2
PILOT1 

time >

Figure 31 — Timlng diagram of transceivertraining (12.4-12.5)

12.4.1 C-REVEILLE

C-REVEILLEis a single frequency sinusoid at fo.pevenie = 241.5 kHz. Referring to figure 2, C-
REVEILLEis defined by

k wr # 56,05 k $256Ac-revense>* =56
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where Acnevenre shall be such that the transmit powerlevel is —4 dBm for thefirst 64 symbols,
and —28 dBm for the second 64 symbols. C-REVEILLE shall be used as an acknowledgmentof
the detection of R-ACK and asa transition to C-QUIETS3 or C-PILOT1; it shall be transmitted for
128 consecutive symbols without cyclic prefix.

If the R-ACK1 was detected earlier the ATU-C shall enter C-QUIETS; if R-ACK2 was detectedit
shall enter C-PILOT1

12.4.2 C-QUIET3

During C-QUIETS, or C-PILOT1 as appropriate, the ATU-C shall measure the aggregate received
upstream poweron sub-carriers 7 — 18 of R-REVERB1, and thereby calculate a downstream
PSD.

Upondetection of the first symbol of R-REVERB1 the ATU-C shall start a timer: this establishes
synchronization of the subsequenttransitions between states at ATU-C and ATU-R.After 512
symbols the ATU-C shall go to C-REVERB1. Thus the minimum duration of C-QUIETS3 is 512
symbols, butit will exceed this by the round-trip propagation and signal-processing time plus the
amountof time required by ATU-R to detect C-QUIET3 and respond by transmitting R-REVERB1
(see 12.5.2).

C-REVERB1 follows C-QUIETS.

12.4.3 C-PILOT1

C-PILOT1 Is a single frequency sinusoid at fo.p1,97, = 276 kHz, defined by

0,k #64,0Sk 5256

Ac-pnor® = 64

where Ac.pot, Shall be such that the transmit powerlevel is —4 dBm.

Xe

The duration of C-PILOT1 shall be defined in the same wayasthat of C-QUIET3. C-REVERB1
follows C-PILOT1.

12.4.4 C-REVERB1

C-REVERB1is a signalthat allows the ATU-R receiverto adjust its automatic gain control (AGC)
to an appropriate level. The data pattern used in C-REVERB1 shall be the pseudo-random
downstream sequence (PRD), d,, forn = 1 to 512, defined in 6.9.3 and repeated herefor
convenience:

d,=1 forn=1to9
0, =Gn4 OP Ing for n =10 to 512

Thebits shall be used as follows:thefirst pair of bits (¢, and d,) is used for the de and Nyquist
sub-carriers (the power assigned to them is, of course, zero, so the bits are effectively ignored);
thenthefirst and second bits of subsequentpairs are used to define the X; and Y,. for / = 1 to 255
as follows:

Dpii11 Api.0 Xi, Vi.
0 0 + +
0 1 + =
1 0 ~ +
1 1 --

Copyright American Nalional Standards institule Order Number: W1806785
Provided by IHS under license with ANSI Sold to:MICHAEL J NEWTON [029040100001] - MIKE.(NEWTON@ALSTON COM,
No reproduction or networking parmittad withoulliconse from IHS Nolfor Resale,2016-02-12 18:06:09 UTC

Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 110



Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 111

ANSI T1-433 95 MMW 0724150 05261938 S511

ANSI T1.413-1995

NOTES

1 The period of PRDis only 511 bits, so d,,5 = d,.
2 The d, to dy are re-initialized for each symbol, so each symbol of C-REVERB1 uses the samedata.

Bits 129 and 130, which modulate the pilot carrier (= 64), shall be overwritten by {0,0}:
generating the {+,+} constellation.

The nominal transmit PSD for C-REVERB1 Is —40 dBm/Hz. If, however, the total upstream power
measured on sub-carriers 7 — 18 is greater than 3 dBm, then the PSD for C-REVERBi andall
subsequent downstream signals shall be as follows:

Upstream received power <3 4 5 6 7 8 9 dBm
Max downstream PSD ~0 -42 -4 -46 ~-48 -50 -52 dBrnv/Hz

This chosen level shall become the reference level for all subsequent gain calculations.

The duration of C-REVERB1 is 512 (repeating) symbols without cyclic pretix. If the R-ACK1 was
detected earller the ATU-C shall then enter C-QUIET4;if R-ACK2 was detected it shall enter C-
PILOT2.

12.4.5 C-QUIET4

The duration of C-QUIET4 is 3072 symbols. C-ECTfollows C-QUIET4.

12.4.6 C-PILOT2

The C-PILOT2 signal is the same as C-PILOT1; the duration is 3072 symbols.

12.4.7 C-ECT

C-ECTis a vendor-defined signal that is used to train the echo canceller at ATU-C for EC
implementations. Vendors of FDM versions have complete freedom to define their C-ECT signal.
The duration of C-ECT, however,is fixed at 512 symbols. The receiver at ATU-R should ignore
this signal. C-REVERB2follows C-ECT.

NOTE — Thelevel of the ADSLsignalin the frequency band from0to about 10 kHzthat leaks through the
POTSlow-passfilter is tightly limited (see 10.4). Therefore it is recommendedthat sub-carriers 1 - 4 not
be used for C-ECT,or, at least, that they be transmitted at a much lowerlevel.

12.4.8 C-REVERB2

C-REVERB2is a signal that allows the ATU-R receiver to perform synchronization andto train
any receiver equalizer. C-REVERB2is the same as C-REVERB1 (see 12.4.3). The duration of
C-REVERB2Is 1536 (repeating) symbols without cyclic prefix. If the R-ACK1 was detected
earlier the ATU-C shall enter C-QUIETS; if R-ACK2 was detectedit shall enter C-PILOT3

12.4.9 C-QUIETS

The duration of C-QUIETSis 512 symbols. C-REVERBSfollows C-QUIETS.
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12.4.10 C-PILOT3

C-PILOTS is the same as C-PILOT1 (12.4.3).

12.4.11 C-REVERBS

C-REVERBSis a second training signal, which allows the ATU-R receiver to perform or maintain
synchronization andto furthertrain any receiver equalizer. C-REVERBSis the sameas C-
REVERB2 (see 12.4.6). The duration of C-REVERB3is 1024 (repeating) symbols without cyclic
prefix. This is the last segment of transceivertraining. CSSEGUE1follows immediately.

12.5 Transceiver training — ATU-R

12.5.1 R-QUIET2

The minimum duration of R-QUIET2 is 128 DMT symbols. The ATU-R shall progress to R-
REVERBS1only after it has detected the whole of C-REVEILLE and any part of the following C-
QUIET3 or C-PILOT1 that is neededfor reliable detection. The time for detection of these signals
shall not exceed 128 symbols each.If the ATU-R does not detect both signals within 128 symbols
eachit shall reset to R-ACT-REQ.

12.5.2 R-REVERB1

R-REVERB1is used to allow the ATU-C to

~— measure the upstream wideband powerin orderto adjust the ATU-C transmit power
level;
— adjustits receiver galn control;
— synchronizeits receiver andtrain its equalizer.

The data pattern used in R-REVERB1shall be the pseudo-random upstream sequence PRU
defined in 7.9.3 and repeated here for convenience:

d,=1 forn=1to6
d, =d,56 Ody. for n =7 to 64

Thebits are used asfollows: thefirst pair of bits (d, and d,) is used for the de and Nyquist sub-
carriers (the power assigned to them is, of course, zero, so the bits are effectively ignored); then
the first and second bits of subsequentpairs are used to define the X, and Y,. for / = 1 to 31 as
defined for C-REVERB1 in 12.4.4.

NOTES

1 The period of PRDis only 63 bits, so dy, = ay.
2 The d,to dG, are re-initiallzed for each symbol, so each symbo! of R-REVERB1 uses the samedata.

Bits 33 and 34, which modulate the pilot carrier (/= 16), shall be overwritten by {0,0}: generating
the (+ +) constellation.

The nominal transmit PSD for R-REVERB1 andall subsequent upstream signals is —38 dBm/Hz.

R-REVERB‘Tis a periodic signal, without cyclic prefix, that is transmitted consecutively for 4096
symbols. Thefirst 512 symbols coincide with C-QUIET3 or C-PILOT1 signalin time, the second
512 symbols coincide with C-REVERB1, and the last 3072 symbols coincide with C-QUIET4 or
C-PILOT2.
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If C-ACT1 or C-ACT2 was detected earlier the ATU-R shall enter R-QUIET3 immediately after R-
REVERB}; if C-ACT3 or C-ACT4 was detected the ATU-R mayenter R-PILOT1 or R-QUIETS at
the vendor's discretion.

12.5.3 R-QUIET3

The duration of R-QUIETS3 is nominally 2048 symbols, of which the first 512 symbols coincide
with C-ECTin time, and the next 1536 symbols coincide with C-REVERB2.The final symbol of R-
QUIET3 may be shortened by any numberof samplesthat is an integer multiple of four in orderto
accommodate transmitter to receiver frame alignment. R-ECT immediately follows R-QUIETS.

12.5.4 R-PILOT1

R-PILOT1Is a single frequency sinusoid at fp.pi_or, = 69 KHz, defined by

xe0,k #16,0<k < 256

An-ruorr’ k=16

where Agpior, Shall be such that the transmit powerlevel is —2 dBm.

The nominal duration of R-PILOT1 is the same as that of R-QUIETS,but it may be shortened by
any numberof samples that is an integer multiple of four in order to accommodate transmitter to
receiver frame alignment. R-ECT immediately follows R-PILOT1.

12.5.5 R-ECT

R-ECT,similar to C-ECT, is a vendor-defined signal that may be used to train an echo canceller
at ATU-R. Vendors of FDM versions have absolute freedom to define the R-ECT signal. The
duration of R-ECT, however,is fixed at 512 OMT symbols. The receiver at ATU-C should ignore
this signal. R-REVERB2 follows R-ECT.

NOTE -— The levelof the ADSLsignal in the frequency band from 0 to about 10 kHz that leaks through the
POTSlow-pass filter is tightly limited (see 10.4). Thereforeit is recommended that sub-carriers 1 — 4 not
be used for R-ECT,or,at least, that they be transmitted at a much lowerlevel.

12.5.6 R-REVERB2

The signal R-REVERB2is the same as R-REVERB1 (see 12.5.2); it can be used by ATU-C to
perform timing recovery and receiver equalizertraining.

NOTE — Someimplementations of ATU-R transmitters may change the symboltiming between R-
REVERB1 and R-REVERB2(see 12.5.3 and 12.5.4); this would require a corresponding shift of any
receiver timing acquired during R-REVERB1.

The duration of R-REVERB2is 1024 symbols. This signal is the last segment of transceiver
training. ATU-R then begins channelanalysis, and starts transmitting R-SEGUE1.
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ATU-C

 C-RATES1,
C-CRC1, C-MEDLEY C-REVERB4
C-MSGS1, and
C-CRC2

R-RATES1,
R-CRC1,

R-REVERBS R-MSGS1, R-MEDLEY R-REVERB4
and
R-CRC2
 

time >

Figure 32 — Timing diagram of channelanalysis (12.6-12.7)

12.6 Channel analysis (ATU-C)

During channel analysis the synchronization between ATU-C and ATU-R may be broken during
R-REVERB3, which has anindefinite duration; this potential timeout is described in 12.7.2.
Furthermore, if during channel analysis any CRC check sum indicates an error in any of the
control data, this shall trigger a reset to C-QUIET1.

12.6.1 C-SEGUE1

Exceptfor the pilot tone, C-SSEGUE1 is generated from a tone-by-tone 180 degree phasereversal
of C-REVERB1(i.e. + maps to —, and —mapsto +, for each of the 4-QAMsignalconstellation).
The duration of C-SEGUE1is 10 (repeating) symbol periods. Following C-SEGUE1, ATU-C
enters state C-RATES1.

12.6.2 C-RATES1

C-RATES‘1is the first ATU-C signal for which a cyclic prefix (defined in 6.10) Is used. The
purpose of C-RATES1is to transmit four options for data rates and formats to the ATU-R. Each
option consists of three fields:

- B,lists the numberof bytes in the fast buffer for each of ASO, AS1, AS2, AS3, LSO,
LS1, LS2, LSO (upstream), LS1 (upstream), LS2 (upstream) channels, in that order; B,
has a total of 80 (= 10 x 8) bits. Thefirst 8 bits of B, specify the numberof bytes In ASO,
the second8 bits specify the numberof bytes in AS1, and so on. Each byte of B,is
transmitted with least significant bit first;

- B, similarlylists the numberof bytes in the interleaved buffer;

— {ARS,1,FS(LS2)} is a ten-byte quantity comprising
- Rr, the numberof parity bytes per symbolin the fast buffer (downstream),

R, the numberof parity bytes per symbolin the interleave buffer (downstream);
S, the numberof symbols per codeword (downstream);
J, the interleave depth (downstream) in codewordsforthe interleave buffer;

FS(LS?), the frame size (in bytes) of the bearer service transported in the LS2channel;

— the samefive quantities {AR, S,/,-S(LS2)} in the upstream direction (one-byte
each, in that order).
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The four options are transmitted in order of decreasing preference. C-RATES1 is preceded by a
4-byte prefix of (01010101 01010101 01010101 01010101]. Figure 33 summarizes C-RATES1
and R-RATES1 (see 12.7.4).

 

 

 
 

 

 
GRATES!|Prefix|Option?|Oplon2]Option8]Option4]coastPSparyamaafm[mePa[TT[aT

[Numberofbytes|4[io}io[10fiofiof10[iof10]10[10] 10410|

Optioni _|__Option2|Option3[|Option4R-RATES1

Pte[a[AASa,[8 [RAST|a,[5 [ARST|a,|B, [RAST
[Numberofbytes|4[3]3]5[3/3]5[3[3]5[3]/3f[5|

Figure 33 — C-RATES1 and R-RATES1 (12.6.2 and 12.7.4)

 
 

   

 

Only onebit of informationis transmitted in each symbol of C-RATES1: a zerobit is encoded to
one symbol of C-REVERB1 and a onebit is encoded to one symbol of C-SEGUE1. Since there
are a total of 992 bits of C-RATES1 information, the duration of C-RATES1 is 992 symbols. The
992 bits are to be transmitted in the order shownin figure 33, with the least significantbitfirst.
Thatis, the least significant bit of option 1, B,, is to be transmitted during the 33rd symbol of C-
RATES1, after the prefix. Following C-RATES1, the ATU-C shall enter state C-CRC1.

12.6.3 C-CRC1

C-CRC1 is a cyclic redundancy codefor detection of errors in the reception of C-RATES1at the
ATU-R. The CRCbits are computed from the C-RATES1bits using the equation:

¢(D) = a(D) D 16 modulo g(D),
where

a(D) = a,D®9 @ a, DSS. ® aga,
is the message polynomial formed from the 960 bits of C-RATES1, with a, the least significantbit
of the first byte of C-RATES1(i.e., option 1 B,);

g(D)=D'16 apeps e1
is the CRC generator polynomial, and

c(D) = GD@¢,D'4... @c,D Oa,
is the CRC check polynomial.

The 16 bits cy — ¢,, are transmitted (q, first and c,, last) in 16 symbol periods using the method
described In 12.6.2. Following C-CRC1, the ATU-C shall enter state C-MSGS1.

12.6.4 C-MSGS1

C-MSGS1transmits a 48-bit message signal to the ATU-R. This messageincludes vendor
identification, ATU-C transmit powerlevel used, trellis code option, echo canceller option,etc.
The message, m,is defined by:

M= {Mg Mg) vr My, M9}

with m, being transmitted first. The message componentsare definedin the following sub-
clauses, andtheir assigned positions within the composite message, m, are defined in table 36.

A total of 48 symbol periods are used to communicate the 48-bit message, using the encoding
method described In 12.6.2. Following C-MSGS1, the ATU-C shall enter state C-CRC2.
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Table 36 — Assignmentof 48bits of C-MSGS1

meee

47 — 44 reserved for future use
43 — 28 vendorIdentification

26

 
 

 
 
 

 
  
  

 
 

 
 

  
fi6.SSSCdechocaancelingoption=

maximum numbersofbits per sub-carrier
supported

NOTES

1 All bits “reserved forfuture use" shall be set to 0 untildefined.

2 Within the separate fields the least significant bits have the lowest subscripts.

 

12.6.4.1 Vendoridentification — Bits 43 — 28

The vendorID is binarily coded. Thirty-seven codes have so far been assigned; they are defined
in annex D. Bits 47 — 44, the most significant bits (MSBs), may be usedto identify more vendors
in the future.

12.6.4.2 Version number — Bits 25 — 18

To facilitate upgradesin the future, six bits are reserved to allow any vendorto include a version
numberfor each unit. When an ATU-C connects to an ATU-R with the same vendorID, this may
serve to simplify upgrades, diagnostics, maintenance, etc.

12.6.4.3 Constellation coding option — Bit 17

™,7 = 0 shall indicate notrellis coding capability, m,, = 1 shall indicatetrellis coding capability.

12.6.4.4 Echo cancellation option — Bit 16

Mg = 0 shall indicate no echo cancellation, m,, = 1 shall indicate echo cancellation.

12.6.4.5 Maximum possible transmit PSD — Bits 13,12

As defined in 6.13.3, the ATU-C maytransmit, under some circumstances and in some frequency
bands, at a PSD as high as -34 dBrvkz.Theability to do this shall be signaled to the ATU-R so
thatit may calculate the optimum loading. The coding rules for m,,m,, are

Mg Mo Max. PSD
dBrvHiz

oo-- on04 2
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12,6.4.6 Transmit PSD duringinitialization — Bits 8,7,6

The ATU-C shall report the level of C-REVERB1 chosenasa result of the calculation described
in 12.4.3, The encoding rules for m, m, meg are:

Mm mM, M, PSD
dBm/Hz

—40
-42
44
46

-48
-50
52

oooAau- o-=+-002—4 =|]0+-O-O=
12.6.4.7 Maximum numbersof bits per sub-carrier supported — Bits 3 - 0

The Nyownmax (transmit) capability shall be encoded onto {m, ~ m} with a conventionalbinary
representation (e.g., 1101 = 13)

The maximum numberof bits for the upstream data, N,ma,, that the ATU-C receiver can support
need not be signaled to the ATU-R;it will be implicit in thebits and gains message, C-B&G, which
is transmitted after channel analysis.

12.6.5 C-CRC2

C-CRC2is a cyclic redundancy codefor detection of errors in the reception of C-MSGS1at the
ATU-R. The CRC polynomial!is generated in the same way as defined in 12.6.3. These 16 bits
shall be transmitted in 16 symbol periods using the method described in 12.6.2. Following C-
CRC2, the ATU-C shall enter state C-MEDLEY.

12.6.6 C-MEDLEY

C-MEDLEYis a wideband pseudo-random signal used for estimation at the ATU-R of the
downstream SNR. The data to be transmitted shall be derived from the pseudo-random
sequence, PRD, and modulated as defined in 6.9.3 and 12.4.4. In contrast to C-REVERB1,
however, the data sequence continues from one symbolto the next (i.6., d, to dy are not re-
initialized for each symbol); since PRDis of length 511, and 512 bits are used for each symbol,
the sub-carrier vector for C-MEDLEYtherefore changes from one symbolperiod to the next. The
pilot sub-carrier is over-written by the (+,+) signal constellation.

C-MEDLEYshall be transmitted for 16384 symbol periods. Following C-MEDLEY the ATU-C
shall enter the state C-REVERB4.

12.6.7 C-REVERB4

C-REVERB4is similar to C-REVERB2 (see 12.4.6), the only difference being the addition of a
cyclic prefix on every symbol. C-REVERB4 continues into the exchange procedure,and its
duration is not fixed. The timeout features of C-REVERB4 are defined in 12.8.1
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12.7. Channel analysis — ATU-R

During channelanalysis there are two situations where the ATU-Rwill resetitself to R-ACT-REQ:
a timeout and a detected error in the received control data. A timeout occurs if the time in R-
REVERB3 exceedsthelimit of 4000 symbols. Also, if any C-CRC checksum indicates there is an
errorin the received contro! data, then it shall trigger a reset fo R-ACT-REQ.

12.7.1 R-SEGUE1

Exceptfor the pilot tone, R-SSEGUE1 is generated from a tone-by-tone 180 degree phase reversal
of R-REVERB1(i.e. + maps to —, and —mapsto +, for each of the 4-QAMsignalconstellation).
The duration of R-SEGUE1 is 10 symbol periods. Following RSSEGUE1 the ATU-R shall enter
state R-REVERBS.

12.7.2 R-REVERB3

R-REVERB3is similar to R-REVERB1 (see 12.5.2); the only difference is the addition of a cyclic
prefix to every symbol. The duration of R-REVERBS3is notfixed but has a maximum of 4000
symbols. If C-SEGUE1 is not detected within 4000 symbols the ATU-R shall timeout and reset to
R-ACT-REQ.After detection of C-SEGUE1 through C-CRC2, the ATU-R shall continue to send
R-REVERBSfor 20 additional symbols before entering R-SEGUEZ2.

12.7.3 R-SEGUE2

The signal R-SEGUE2is the same as R-SEGUE1(see 12.7.1). The duration of R-SEGUE2is
10 symbol periods. Following R-SEGUE2the ATU-Rshall enter state R-RATES1.

12.7.4 R-RATES1

The purpose of R-RATES1for the upstream channelis the same as that of C-RATES1for the
downstream channel (see 12.6.2). Each option consists of threefields:

- B,lists the numberof bytesin the fast buffer for each of LSO, LS1, LS2,in that order;
8, hasa total of 24 (= 3 x 8) bits. Thefirst 8 bits of B, specify the number of bytes in
LSO, the second8 bits specify the numberof bytes in LS1, and so on. Each byte of B-is
transmitted with least significantbit first;

- B, similarly lists the numberof bytes in the interleaved buffer;

— {Pe RS,1.FS(LS2)}is a five-byte quantity comprising
- R., the numberofparity bytes per symbolin the fast buffer (upstream);
— R, the numberof parity bytes per symbolin the interleave buffer (upstream);
— S, the number of symbols per codeword (upstream);
— |, the interleave depth (upstream) in codewordsfor the interleave buffer;
- FS(LS2), the framesize (in bytes) of the bearer service transported in the LS2

channel.

The four options are transmitted in order of decreasing preference. Figure 33 defines R-RATES1
as well as C-RATES1. For the present issue of the standard, ATU-C has control overall the data
rates, so R-RATES1Is copied from the appropriatefields of C-RATES1.

Only onebit of information shall be transmitted during each symbol period of R-RATES1: a zero
bit is encoded to one symbol of R-REVERB1 and a onebit is encoded to one symbolof R-
SEGUE1. Since there are a total of 384 bits of RATES1 Information, the length of R-RATES1is
384 symbols. The 384 bits are to be transmitted in the order shownin figure 33, with the least
significantbit first. That is, the least significant bit of option 1, 8, (see table 32), is to be
transmitted during the 33rd symbol of R-RATES1, after the prefix. Following R-RATES1, the
ATU-R shall enter state R-CRC1.
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12.7.5 R-CRC1

R-CRC1is a cyclic redundancy code intended for detection of an error in the reception of R-
RATES1at the ATU-C. The CRC polynomial c(D) and generator polynomial g(D) are the same
as for C-CRC1 (see 12.6.3). The 16 bits cy toc,, are transmitted (Cy first and c,, last) in 16
symbol periods using the same method as R-RATES1 (see 12.7.4). Following R-CRC1, the
ATU-Rshall enter state R-MSGS1.

12.7.6 R-MSGS1

R-MSGS1 transmits a 48-bit message signal to the ATU-C. This messageIncludes vendor
identification, trellis code option, echo canceller option, etc. The message, m,is defined by:

M= {My My, 1M, Mo}

with mp, the least significant bit, being transmitted first. The message components are defined in
the following subclauses, and their assigned positions within the composite message, m, are
defined in table 37.

A total of 48 symbol periods shail be used to communicate the 48-bit message, using the
encoding method described in 12.6.2 Following R-MSGS1, the ATU-R shall enter state R-
CRC2.

Table 37 — Assignmentof 48 bits of R-MSGS1

Sutfix(ces) of m,
a7 — 4A

43-28
27 26

25 - 18

Echo cancelling option

15-4 Reserved for future use

Maximum numbers of bits per sub-carrier
supported

NOTES

1 All bits “reserved for future use" shall be set to O until defined.

2 Within the separatefields the least significant bits have the lowest subscripts.

 
12.7.6.1 Vendoridentification — Bits 43 — 28

The vendorID is codedin binary as defined in 12.6.4.1

12.7.6.2 Version number — Bits 25 — 18

The version numberis encoded as defined in 12.6.4.2

12.7.6.3 Trellis coding option — Bit 17

™,7 = 0 shall indicate notrellis coding capability; m,7 = shall 1 indicate trellis coding capability.

12.7.6.4 Echo cancellation option — Bit 16

mM, = 0 shall indicate no echo cancellation; m,, = 1 shall indicate echo cancellation.
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12.7.6.5 Maximum numbers of bits per sub-carrier supported — Bits 3 —0

The Nyomax (transmit) capability shall be encoded onto {m, — m,} with a conventionalbinary
representation (e.g., 1101 = 13)

NOTE - The maximum numberof bits for the downstream data, Nyownmex» that the ATU-R receiver can
support need not be signaled to the ATU-C;it will be implicit in the bits and gains message, R-B&G, which
is transmitted after channel analysis.

12.7.7 R-CRC2

R-CRC2is a cyclic redundancy codefor detection of errors in the reception of R-MSGS1 at the
ATU-C. The CRC polynomial is generated in exactly the same way as described in 12.6.3,
These 16 bits are transmitted in 16 symbol!periods using the method described in 12.7.4,
Following R-CRC2, the ATU-R shall enter state R-MEDLEY.

12.7.8 R-MEDLEY

R-MEDLEYIs a wideband pseudo-random signal used for estimation of the upstream SNRatthe
ATU-C. The data to be transmitted are derived from the pseudo-random sequence PRU defined
in 12.5.2, continuing from one symbol to the next. Because the sequenceis of length 63, and 64
bits are used for each symbol, the sub-carrier vector for R-MEDLEY changes from one symbol
period to the next. The pilot sub-carrier is over-written by the (+,+) signal constellation. R-
MEDLEYis transmitted for 16384 symbol periods, Following R-MEDLEY the ATU-R shall enter
state R-REVERB4.

12.7.9 R-REVERB4

R-REVERB4 is the same as R-REVERBS(see 12.7.2). The duration of R-REVERB4 is 128
symbols, This signal marks the end of channel analysis, and R-SEGUES immediately follows R-
REVERB4.
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ATU-C

C-REVERB4 C-REVERB5 
y | y

R-REVERBS R-B&G |R-REVERB6
R-CRCS5

Figure 34 - Timing diagram of exchange (12.8-12.9)

ATU-R

 R-MSGS2,
R-CRC3,
R-RATES2,
and
R-CRC4

 
     

time >

12.8 Exchange — ATU-C

During exchange there are two events that shall cause the ATU-C to reset to C-QUIET1: timeouts
and error detection by a CRC checksum. The exchange procedureis partly synchronized
between ATU-C and ATU-R, andpartly interactive. During the interactive part (C-REVERB4 and
C-REVERBS)a timeout shall occur whenthe time in that state exceeds 4000 symbols.

12.8.1 C-REVERB4

If the ATU-C does not detect R-SEGUES3within 4000 symbols,it shall timeout and reset to C-
QUIET1. After detection of R-SEGUE3 and R-MSGS2, R-CRC3, R-RATES2, and R-CRC4, the
ATU-C shall continue to transmit C-REVERB4 for another 80 symbols before progressing to state
C-SEGUE2(see 12.8.2).

12.8.2 C-SEGUE2

The signal C-SEGUE2is the same as C-SEGUE1 (see 12.6.1). The duration of C-SEGUE2is
10 symbol periods, Following C-SEGUE2 the ATU-C shall enter state C-MSGS2.

12.8.3 C-MSGS2

C-MSGS2transmits a 32-bit message signal to the ATU-R. This messageincludesthetotal
numberofbits per symbol supported, the estimated upstream loop attenuation, and the
performance margin with the selected rate option. The message, m,is defined by:

M= {M51, Myq) m,, My}

with m, being transmitted first. The message components are definedin the following sub-
clauses,and their assigned positions within the composite message, m, are definedin table 38
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Table 38 — Assignmentof 32 bits of C-MSGS2

Sin)om
131-26|Estimated average loop attenuation
p25-21

Performance margin with selected rate option

fis-9
8-0Fr—“=‘“‘“‘“‘“‘(‘CS™SSC*r

NOTES

 

   
 

Reservedforfuture use

Reservedfor future use
Total numberof bits supported

1 All bits "reserved for future use" shall be set to 0 until defined.
2 Within the separate fields the least significant bits have the lowest subscripts.

A total of 4 symbol periods shall be used to communicate the 32 bit message, with 8 bits
transmitted on each symbol. Twobits are encoded onto each of the sub-carriers numbered 43
through 46 using the 4QAM constellation labeling given in 6.9.3 (for the synchronization symbol)
and 12.4.3 (for C-REVERB1). The sametwobits are also encodedin the same wayonto a setof
backup carriers, namely, sub-carriers 37 through 40. The leastsignificant byte of the messageis
transmitted in the first symbol of C-MSGS2,with the twoleast significant bits of each byte
encoded onto carriers 43 and 37. In addition, the pilot, sub-carrier 64, shall be modulated with
(+,+). Following C-MSGS2, the ATU-C shall enter state C-CRCS3.

12.8.3.1 Estimated average upstream loop attenuation

During channel analysis the ATU-C estimates the upstream channelgain in preparation for
computing the SNRfor each tone;it shall also calculate the average loop attenuation. This
attenuation, roundedto the nearest 0.5 dB,is then encodedinto bits 31 — 26 of C-MSGS2as the
integer binary representation of twice the attenuation (e.g., If the average attenuation is 16.5 dB
then {m,, — MM} = 100001).

12.8.3.2 Performance margin with selected rate option

The ATU-C receiver shall calculate the performance margin for each of the rates options sent
from the ATU-R during R-RATES1, and then select one of the options with a satisfactory margin.
This margin (rounded to the nearest dB) is encoded into bits 20 — 16 of C-MSGS2 using a
conventional binary representation (é.g., if the margin is 9 dB then {rm — m,,} = 01001).

12.8.3.3 Total numberof bits per symbol supported

The ATU-C receiver shall also calculate the maximum numberof bits per symbolthat the
upstream channel can support with a performance margin of 6 dBat an error rate of 10-7. This
numberIs encodedinto bits 8 — 0 using a conventional binary representation (e.g., if the
maximum numberofbits that can be supported is 127 (data rate = 508 kbit/s), {m, — ny} =
001111111).

12.8.4 C-CRC3

C-CRC3is a cyclic redundancy codefor detection of errors in the reception of C-MSGS2at the
ATU-R. The CRC polynomial c(D) and generator polynomial g(D) are the same as for CRC1, as
defined in 12.6.3. These bits are transmitted in 2 symbol periods using the method describedin
12.8.3. Following C-CRC3, the ATU-C shall enter state C-RATES2.

12.8.5 C-RATES2

C-RATES2is the reply to R-RATES1 (see 12.7.4). It combines the downstream rate information
contained in R-RATES2(in the form of one selected option) with the option numberof the highest
upstream data rate that can be supported based on the measured SNRof the upstream channel.
It thus transmits the final decision on the rates that will be used in both directions. The length of
C-RATES2is equalto 8 bits, and thebit pattern for C-RATES2 is shownin table 39. Otherbit
patternsthat are not specified in the table are reserved for future use. If none of the options
requested during C-RATES1 and R-RATES1 can be implemented, ATU-C shail transmit the all-
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options-fall code defined in table 39, and then retum to C-QUIET1 for retraining. One symbol
period is used to transmit these 8 bits using the method described in 12.8.3. Following C-
RATES2, the ATU-C shall enter state C-CRC4.

Table 39 — Bit pattern for C-RATES2

Bit pattern for C-RATES2 (MSBfirst) (note 1

option 1, option 1 00010001
option 1, option 2 00010010

 
  

  
 
 

 
 

 

 

 
 
 

 
NOTES

1 All otherbit patterns that are not shown are reservedfor future use.
2 If it is determined that noneof the four options can be Implemented with the connection the ATU-C shall return
to C-QUIET1 forretraining.

12.8.6 C-CRC4

C-CRC4is a cyclic redundancy codefor detection of errors in the reception of C-RATES2at the
ATU-R.Its relation to C-RATES2 is the same as that of C-CRC3 to C-MSGS2.Following C-
CRC4, the ATU-C shall enter state C-B&G.

12.8.7 C-B&G

C-B&G shall be used to transmit to the ATU-R thebits and gains , (5, 94, Dp, Gor «-- Oa) Gaz
that are to be used on the upstream carriers. b, indicates the numberofbits to be coded by the
ATU-R transmitter onto the /th upstream carrier; g, indicates the scale factor, relative to the gain
that was used forthat carrier during the transmission of R-MEDLEY,that shall be applied to the
ith upstream carrier. Because nobits or energywill be transmitted at dc or one-half the sampling
rate, by, Jp, Dap, ANd Jz are all presumed to be zero and shall not transmitted.

Each b, shall be represented as an unsigned 4-bit integer, with valid 6,s lying in the range of zero
to Nuomax, the maximum numberofbits that the ATU-Ris prepared to modulate onto any sub-
carrier, which is communicated in R-MSGS1.

Each g, shall be represented as an unsigned 12-bit fixed-point quantity, with the binary point
assumedjust to the right of the third most significant bit. For example, a g, with binary
representation (most significant bit listed first) 01000000 0000 would instruct the ATU-R to scale
the constellation for carrier /, by a gain factor of 2, so that the powerin that carrier shall be 6 dB
higher than it was during R-MEDLEY.
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For sub-carriers where no data are transmitted and the receiverwill never allocate bits (e.g., out-
of-band channels), both b, and g, shall be set to zero (0000 and 00000000 000, respectively).
For sub-carriers where no data are currently to be transmitted, but the receiver may allocate bits
later (8.g., as a result of an SNR improvement), the 6, shall be set to zero (0000)and the g; to 1
(00100000 0000).

A total of 62 bytes of bits and gains information is to be transmitted during C-B&G, and a totalof
62 symbol periodsis required, using the method described in 12.8.2. Following C-B&G the ATU-
C enters state C-CRCS5.

12.8.8 C-CRCS

C-CRCS5is a cyclic redundancy codefor detection of errors in the reception of C-B&G at the ATU-
R. Its relation to C-B&G is the same as that of C-CRC3 to C-MSGS2. Following C-CRCS5,the
ATU-C shall enter state C-REVERBS,

12.8.9 C-REVERBS5

C-REVERBSis the same as C-REVERB4(see 12.6.7). The duration of C-REVERBS5 depends
upon the state of the ATU-R andtheinternal processing of the ATU-C. The ATU-C shall transmit
C-REVERBSuntil it has received, checkedthereliability of, and established the downstream bits
and gains information contained in R-B&G. The ATU-C shall enter state C-SEGUESas soonasit
is prepared to transmit according to the conditions specified in R-B&G.

12.8.10 C-SEGUE3

C-SEGUESis used to notify the ATU-R that the ATU-C is about to enter the steady-state state C-
SHOWTIME. Thesignal C-SEGUESis the same as C-SEGUE1 (see 12.6.1). The duration of
C-SEGUE3 is 10 symbolperiods. Following C-SEGUESthe ATU-C has completedinitialization
and enters state C-SHOWTIME.

12.9 Exchange — ATU-R

During exchange there are two cases where the ATU-R shall reset itself: timeouts and error
detection by a CRC checksum. Both shall trigger a reset to R-ACT-REQ. The exchange
procedure is partly synchronized between ATU-C and ATU-R,and partly interactive. During the
interactive parts (R-REVERBS5 and R-REVERB6)a timeout shall occur whenthe timein either
state exceeds 4000 symbols.

12.9.1 R-SEGUE3

The signal R-SEGUESIs the same as R-SEGUE1 (see 12.7.1). The duration of RSSEGUESis
10 symbol periods. Following R-SEGUES3 the ATU-Rshall enter state R-MSGS2.

12.9.2 R-MSGS2

R-MSGS2transmits a 32-bit message signal to the ATU-C. This messageincludesthe total
numberof bits per symbol supported, the estimated upstream loop attenuation, and the
performance margin with the selected rate option. The message, m,is defined by:

M= (My, My, -. Mm, M}

with m, being transmitted first. The message components are defined in the following sub-
clauses, and their assigned positions within the composite message, ™, are defined in table 40.
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Table 40 — Assignmentof 32 bits of R-MSGS2

20-16~=~=—S—CSCSCCSCSPeerrforrmiancemarginwithselectedrateoption_

Total numberof bits supported

NOTES

1 All bits “reservedfor future use" shall be set to O until defined.

2 Within the separateflelds the least significant bits have the lowest subscripts.

 
 

  
  
  
  

 
 

A total of 4 symbol periods shall be used to communicate the 32 bit message,with 8 bits
transmitted on each symbol. Two bits are encoded onto each of the sub-carriers numbered 6
through 9 using the 4QAM constellation labeling given in 6.9.3 (for the synchronization symbol)
and 12.4.3 (for C-REVERB1). The sametwobits are also encodedin the same way onto a set of
backup carriers, namely, sub-carriers 10 through 13. The least significant byte of the messageis
transmitted in the first symbol of R-MSGS2,with the twoleast significant bits of each byte
encodedonto carriers 6 and 10.In addition, the pilot, sub-carrier 16, shall be modulated with
(+,+). Following R-MSGS2, the ATU-R shall enter state R-CRC3.

12.9.2.1 Estimated average (upstream) loop attenuation

During channel analysis the ATU-R receiver estimates the downstream channelgain in
preparation for computing the SNR for each tone;it shall also calculate the average loop
attenuation. This attenuation, rounded to the nearest 0.5 dB, is then encodedinto bits 31-25 of
R-MSGS82asthe integer binary representation of twice the attenuation (e.g., if the average
attenuation is 21.5 dB then {m,,, ... ,}= 0101011).

12.9.2.2 Performance margin with selected rate option

The ATU-Rreceiver shall calculate the performance margin for each of the rates options sent
from the ATU-C during C-RATES1, and then select one of the options with a satisfactory margin.
This margin (rounded to the nearest dB) is encodedinto bits 20-— 16 of R-MSGS2 using a
conventional binary representation (e.g, if the margin is 9 dB then (mp, ... Mg} = 01001).

12.9.2.3 Total numberof bits per symbol supported

The ATU-Rreceiver shall also calculate the maximum numberof bits per symbolthat the
downstream channel can support with a performance margin of 6 dB atan errorrate of 1077.
This numberis encodedinto bits 11-0 using a conventional binary representation (e.g., if the
maximum numberof bits that can be supported is 1724 (data rate = 6896kbit/s), {m,,,... M}=
11010111100).

12.9.3 R-CRC3

R-CRC3is a cyclic redundancy code for detection of errors in the reception of R-MSGS2 at the
ATU-C. The CRC polynomial c(D) and generator polynomial g(D) are as described in 12.6.3.
These bits are transmitted in 2 symbol periods using the method described in 12.9.2. Following
R-CRC3, the ATU-R shall enter state R-RATES2.
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12.9.4 R-RATES2

R-RATES2is the reply to C-RATES1 based onthe results of the downstream channel analysis.
Instead oflisting the B,, 8, as in C-RATES1, the ATU-R sends backonly the option numberof the
highest data rate that can be supported based on the measured SNRof the downstream channel.
As in C-RATES2,4 bits are used for the option number.Atotal of 8 bits are used for R-RATES2,
and the bit patterns are shown In table 41. Other bit patterns that are not specified in the table
are reservedforfuture use. If none of the options requested during C-RATES1 can be
implemented, ATU-R then returns to R-ACT-REQforretraining. One symbol period Is used to
transmit these 8 bits using the method described in 12.9.2. Following R-RATES2, the ATU-R
shall enter state R-CRC4.

Table 41 — Bit pattern for R-RATES2

 

  
  

    

   

 
  

foption2T0010
foptionSOTOH

all optionsfail (note 2

NOTES

1 All otherbit patterns that are not shown are reservedfor future use.

2 If it is determined that none of the four options can be implemented with the connection, the ATU-R shall return
to R-ACT-REQ forretraining.

12.9.5 R-CRC4

R-CRC4is a cyclic redundancy code for detection of errors In the reception of R-RATES2at the
ATU-C. Its relation to R-RATES2is the sameasthat of R-CRC3 to R-MSGS2. Following R-
CRC4, the ATU-R shall enter state R-REVERBS.

12.9.6 R-REVERBS

R-REVEREBSis the same as R-REVERBS(see 12.7.2), The duration of R-REVERB5 depends
uponthe state of the ATU-C and the internal processing of the ATU-R, but has a maximum of
4000 symbols. The ATU-R shall transmit R-REVERBSuntil it has received and checked the
reliability of the upstream bits and gains information contained in C-B&G. After the ATU-R has
received C-CRC5,it shall continue to transmit R-REVERBS5 for another 64 symbols. It shall then
enter R-SEGUE4,If it has not successfully detected all the control signals within 4000 symbolsit
shall timeout and reset to R-ACT-REQ.

12.9.7 R-SEGUE4

The purpose of R-SEGUE4isto notify the ATU-C that the ATU-R is about to enter R-B&G. R-
SEGUE4is the same as R-SEGUES (see 12.9.1). The duration of R-SSEGUE4 is 10 symbol
periods. Following R-SEGUE4the ATU-R enters state R-B&G.

12.9.8 R-B&G

The purpose of R-B&Gis to transmit to the ATU-C the bits and gains information, {6,, 91, Do, Go,
= boss, Joss}, to be used on the downstream sub-carriers. b, indicates the numberof bits to be
coded by the ATU-C transmitter onto the th downstream sub-carrier g, indicates the scale factor
that shall be applied to the /th downstream sub-carrier, relative to the gain that was usedfor that
carrier during the transmission of C-MEDLEY. Because nobits or energy will be transmitted at
DC or one-half the sampling rate, bo, 99, Dosg, ANd Jos, are all presumed to be zero, and are not
transmitted.
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Each b, is represented as an unsigned 4-bit integer, with valid b; lying in the range of zero to
Nuownmax, the maximum numberofbits that the ATU-C is prepared to modulate onto any sub-
carrier, which is communicated in C-MSGS1.

Each g; is represented as an unsigned 12-bit fixed-point quantity, with the binary point assumed
just to the right of the third most significant bit. For example, a g, with binary representation
(mostsignificant bit listed first) 0100 0000 0000 would instruct the ATU-C to scale the
constellation for carrier i by a gain factor of 2, so that the powerin that carrier shall be 6 dB higher
than it was during C-MEDLEY.

For sub-carriers where no data are transmitted and the receiverwill never allocate bits (e.g., out-
of-band channels), both b; and g, will be set to zero (0000 and 00000000 000, respectively). For
sub-carriers where no data are currently to be transmitted, but the receiver may allocate bits later
(e.g., as a result of an SNR improvement), the b; will be set to zero (0000) and the g, to 1
(00100000 0000)

A total of 510 bytes of bits and gains informationIs to be transmitted during R-B&G,so thatatotal
of 510 symbolperiods is required. The transmission format is the same as described in 12.9.2,
Following R-B&G the ATU-R shall enter state R-CRC5.

12.9.9 R-CRC5

R-CRCS5Is a cyclic redundancy codefor detection of errors in the reception of R-B&G at the ATU-
C.Its relation to R-B&G is the same asthat of R-CRC3 to R-MSGS2. Following R-CRCS,the
ATU-R shall enter state R-REVERB6.

12.9.10 R-REVERB6

R-REVERBGis the same as R-REVERBS (see 12.7.2). The duration of R-REVERB6 depends
upon the state of the ATU-C andthe internal processing of the ATU-R, but has a maximum of
4000 symbols. The ATU-R shall transmit R-REVERB6uniil it has detected all ten symbols of C-
SEGUES;it shall then enter R-SEGUES.If it has not successfully detected C-SEGUES3within
4000 symbolsIt shall timeout and reset to R-ACT-REQ.

12.9.11 R-SEGUES

The purpose of R-SEGUESis to notify the ATU-C that the ATU-R is aboutto enter the steady-
state state R-SSHOWTIME. R-SEGUESis identical to RSSEGUE3 (see 12.9.1). The duration of
R-SEGUESis 10 symbol periods. Following R-SEGUES the ATU-R has completedinitialization
and shall enter state R-SSHOWTIME.
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13 On-line adaptation and reconfiguration

13.1. The ADSL overhead control (aoc) channel

Asstated in 6.2 and 7.2, when any bearer data streams appearin the interleave buffer, then the
aoc channeldata is carried in the LEX byte, and the "synch" byte shall designate when the LEX
byte contains aoc channel data and whenit contains a data byte from the bearer data streams.
Whennobearerdata streamsare allocatedto the interleave data buffer (i.e., all B, (ASX) = 0 and
all B, (LSX) = 0 for the downstream caseor all B, (LSX) = 0 for the upstream case, respectively),
then the "synch" byte carries the aoc channel data directly, because the LEX byte does not exist
in the interleave buffer in this case.

13.1.1 aoc message header

The type and length of an aoc messageis determined by a byte-length header. In particular, the
aoc channel sendsall binary zerosin the idle mode, and a valid aoc message always begins with
a non-zero byte. Table 42 summarizes the current valid aoc message headers. For example, in
the case of a bit swap, the aoc header "11111111"will be detected, and the next byte of aoc data
shall determine whether the message |s a bit swap request or a bit swap acknowledge (see 13.2).
In the case when a standardized function, such as a bit swap, is requested but cannot be
performed by either the ATU-C or the ATU-R for whatever the reason, an unable to comply
message ("11110000") is issued. Future aoc headers can be added when new aoc
messages/functions are identified. Also, a block of aoc header values ("1100xxxx") is set aside
for vendor specific aoc messages.

Table 42 — aoc message headers

Interpretation

00000000 Idle mode

000011114 Reconfiguration commands

|T1000|Reservedfor vendorspecificcommands
Unable to compl

Extended bit swap request

41191111 Bit swap commands

 
13.1.2 aoc protocol

All aoc messagesare transmitted 5 consecutive times for extra security. A transceiver unit shall
only act on an aoc messageif it has received three identical messagesin a time period spanning
5 of that particular message. Whenareceiving unit detects an unrecognizable command, no
action shall be taken by the receiving unit. The transmitting unit (the originating unit of the aoc
command)is responsible for any time outs and/or local recovery schemes, when no
acknowledgmentto its request has been detected over a reasonable period of time. Individual
vendors of ADSLtransceivers may implement any recovery scheme(s) of their choice.

13.2. High-level on-line adaptation — Bit swapping

Bit swapping enables an ADSL system to change the numberof bits assigned to a subcarrier, or
change the transmit energy of a subcarrier without interrupting data flow.

Either ATU mayinitiate a bit swap; the swapping proceduresin the upstream and downstream
channels are independent, and may take place simultaneously.
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13.2.1 Bit swap channel

The bit swap process uses the aoc channel, described in 13.1. All bit swap messages shall be
repeated five consecutive times over this channel.

13.2.2 Superframe counting

The transceivers coordinate the bit swaps asfollows:

- The ATU-C and ATU-R transmitters shall start their counters immediately after
transmitting C-SEGUE3 and R-SEGUES, respectively; this marksthe transition between
initialization and steady state operation;
— Each transmitter shall incrementits counter after sending each ADSL superframe (see
6.2);
— Correspondingly, each receiver shall start its counter immediately after receiving C-
SEGUE3 or R-SEGUES, respectively, and then incrementit after receiving each
superframe.

Synchronization of the corresponding transmitter and receiver superframe counters is maintained
using the synch symbolin the ADSLframe structure. Any form of restart that requires a transition
from initialization to steady state shall reset the superframe counter.

13.2.3 Bit swap request

Message Messagefield 1 Messagefield 2 Messagefield 3
header 16 bits 16 bits 16 bits 11111111|Command {Subchannel| Command

(8 bits) (8 bits) index (8 bits)
8bits

Figure 35 — Format of the bit swap request message

The receiver shall initlate a bit swap by sending a bit swap request backto the transmitter via the
aoc channel. This requesttells the transmitter what subcarriers are to be modified. Figure 35
illustrates the format of the bit swap request message, which containsthe following:

— an aoc message headerconsisting of 8 binary ones;

— messagefields 1 -— 4, each of which each consists of an eight bit command followed by
a related eight-bit subchannel index. Valid eight-bit commandsfor the bit swap message
shall be as shownin table 43. The eight-bit subchannel Index is counted from low to high
frequencies with the lowest frequency subcarrier having the numberzero.

Table 43 — Bit swap request commands

Interpretation
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The bit swap request message(i.e., header and messagefields)is transmitted five consecutive
times.

13.2.4 Extended bit swap request

Because a single-bit sub-carrier is not allowed, an extended bit swap request containing 6 fields
shall be used when decreasing the numberof bits on a sub-carrier from 2 to 0, or when
increasing the numberof bits on a sub-carrier from 0 to 2. The formatof this extended bit swap
requestis similar to that of the bit swap request (13.2.3), but the numberof messagefields is
increased to 6, and, as shownin table 44, the message headeris 11111100.

Table 44 — Extended bit swap request

 
   
  

Message |Message|Message|Message|Message|Message|Message
Header Field #1 Field #2 Field #3 Field #4 Field #5 Field #6
8 bits 16 bits 16 bits 16 bits 16 bits 16 bits 16 bits

tinitioo|ofCC

 

  

The extended bit swap requestis transmitted 5 consecutive times

13.2.5 Bit swap acknowledge

Message header Command Bit swap superframe
(8 bits) (8 bits) counter number
11141111 11111111 (8 bits) 

Figure 36 — Formatof the bit swap acknowledge

The transmitter shall act on a bit swap request whenit has received three identical bit swap
request messages. The transmitter shall then send a bit swap acknowledge. Figure 36 shows
the format of the bit swap acknowledge message, which contains the following:

~ an aoc message headercontaining 8 binary ones;

= one messagefield that consists of eight binary ones followed by the eight bit superframe
counter number, which indicates whenthe bit swapis to take place. In particular, the new bit
and/or transmit energy table(s) shall take effect starting from the first frame (frame 0) of an
ADSLsuperframe,after the specified superframe counter number has been reached. In
other words,if the bit swap superframe counter numbercontainedin the bit swap
acknowledge messageis n, then the newtable(s) shall take effect starting from frame 0 of the
(n+1)th ADSL superframe.

The bit swap acknowledgeIs transmitted five consecutive times.

13.2.6 Bit swap — Receiver

The receiver shall act on a bit swap request whenit has received three identical bit swap
acknowledge messages. Thereceiver shalt then wait until the superframe counter equals the
value specified in the bit swap acknowledge. Then, beginning with frame 0 of the next ADSL
superframe the receiver shall

— changethe bit assignmentof the appropriate subcarriers, and perform tone re-ordering
based on the new sub-carrier bit assignment;

— update applicable receiver parameters of the appropriate subcarriers to account for a
changein their transmitted energy
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13.2.7 Bit swap — Transmitter

After transmitting the bit swap acknowledge,the transmitter shall wait until the superframe
counter equals the value specified in the bit swap acknowledge. Then, beginning with frame0 of
the next ADSL superframe,the transmitter shall

— changethebit assignmentof the appropriate subcarriers, and perform tone re-ordering
based on the new sub-carrier bit assignment;

~ changethe transmit energy in the appropriate subcarriers by the desired factor.

13.3. Changesto data rates and reconfiguration

Specification of changes to data rates and reconfiguration on demandIs for further study.

14 Signaling requirements

ADSLsupports both simplex and duplex bearer channels in a variety of configurations (see 5.1).

Bearer service is defined as the Cl to Cl service (e.g., 1.536 Mbit/s unrestricted digital
information) that is selected and is carried over a particular bearer channel on an ADSLsystem.
ADSL bearer channels may support a variety of bearer services.

Two methodsofsignaling protocols for controlling bearer service are recognized for ADSL:

- In-band signaling: This is defined as a signaling protocol controlling a bearer service
carried over an ADSL bearer channel, where the signaling protocolis within the same
ADSL bearer channel as the bearer service. For example, a data protocol stack, such as
TCP/IP or OSI, may employ network layer and higherlayer signaling protocols within a
bearer service transported over ADSL.In-band signaling protocols are carried
transparently, and are neither affected nor interpreted by the ADSL system;

- Out-of-bandsignaling: This is defined as a signaling protocol controlling a bearer -
service carried over an ADSL bearer channel, where the signaling protocolis carried in a
different ADSL bearer channel than the bearer service. In this case, the ADSL C channel
shall be used to carry the signaling protocol.

When the LS1 duplex channelis used to carry an ISDN BRA (2B+D-+overhead) payload, the
ISDN BRA multiplex is carried transparently. For the ISDN bearer services carried on the BRA,
the signaling Is within the BRA D channelandis neither affected nor interpreted by the ADSL
system.
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15 Loop plant, impairments, and testing

The methodsin this clause test ADSL system transmission performance. These laboratory
methods evaluate a system's ability to minimize digital bit errors caused by interference from:

- crosstalk coupling from other systems;
— background noise;
—- impulse noise;
— POTSsignaling.

These potential sources of impairment are simulatedin a laboratory set-up thatincludestest
loops, test sets, and interferenceinjection equipment, as well as the test systemitself. Figure 37
showsthe general arrangementfortesting.

 
 
 

  
 
 

  
Test loop 

plitter| 
Interference

in jection 
 Telephone

Set
COline
circuit

The crosstalk and impulse noiseinterfering signals are simulations that are derived from a
consideration of real loop conditions and measurements. The test procedureis to inject the
interferenceinto the test loops and measurethe effect on system performancebya bit error test
simultaneously run on the system information channels.

Figure 37 — Overview of test setup

Forcrosstalk an initial, or reference, power levelfor the interference represents the expected
worstcase.lf the interference power can be increased without exceeding a specified error
threshold, the system hasa positive performance margin. Performance margin, expressedin dB,
is the difference between the interference level at which the error threshold is reached, and the
reference (or 0 dB)level.

The specified error threshold with crosstalk interference is a BER of 10-7; the minimum
performance margin is 6 dB.

In the case of impulse noise, an increasing interference level is similarly applied up to the error
threshold, and the estimated performance is computed from this information. Because the
impulse noise characteristics of the loop plant are not completely understood, the estimation
method is based on measured data from several sites. The estimated numberof error-causing
impulses is compared to a 0.14 % errored-seconds (ES)criterion. The test procedure makes
separate determinations of crosstalk margins and impulse error thresholds, although a
background crosstalk interference is applied during impulse tests.

The digital channel BER measurementshall be made while including impairments such as POTS
signaling interference and crosstalk from other telephonelines. Tests shall be performed using
signaling and alerting activities done with an electro-mechanical telephone set and either CO
lines or a CO simulator.

Copyright americanWAShai Standards Inslitula Order Number: W1806785Provided by IHS underlicense wilh ANSI Sold lo:MIGHAEL J NEWTON [029940100001] - MIKE. NEWTON@ALSTON.COM,
No reproduction or nalworking parmiliad withoullicansa from IHS Nolfor Resale,2016-02-12 18:06:09 UTC

Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 132



Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 133

ANST 71-413 95 MM 0724150 O52b220 698

ANSI! T1.413-1995

15.1 Testloops

ADSLtransmission at 1.536 Mbit/s is assessedin terms of performance against an objective of
coverage overall copper loops without load coils conforming to Revised Resistance Design
(RRD)rules as defined in Bellcore SR-TSV-002275. For test purposes, the RRDloops are
represented by loops 7, 9 and 13 specified in 4.5.1 and figure 8 of ANSI T1.601. The primary
cable constants are listed in tables G1 ~- G8 of ANSI T1.601. An additional loop (Loop #0) with a
length of less than 10 feet is added to the T1.601 test loops.

ADSLtransmission at 6.144 Mbit/s is assessed in terms of performance against an objective of
coverage over loops that conform to Carrier Serving Area (CSA) design rules (a subset of RRD
loops). For testing purposes, the CSA loopsare represented by loops 4, 6, 7, and 8 shownin
figures 13 and 14 of Committee T1 Technical Report No. 28.

For 10 or 24 disturber NEXTinterference from T1 lines in adjacent binder groups, ADSL
transmission is assessed with a mid-CSA loop.

The ADSL control channel and other duplex channels are evaluated with all test loops.

For convenience the configurations of the test loops are shownin figure 38, and their attenuation
characteristics are given in annex E.

Table 45 describesa classification that ties together transport payload and loop range based on
whether certain options available for the ATU transceivers are used. Category | (basic) describes
loop ranges and transport payloads using basic transceivers with no options required. Category Il
(enhanced) describes loop ranges and transport payloads using options for trellis coding, transmit
powerboost, and echo cancellation.

Table 45 — ATU classification by category

Characteristics Category | Category Il
basic optional

|TrellisoptionFOFfnrequired
JEC/FOMoptionalEC

required capable

NOTES

1 Performanceis defined as loop reach shownasa functionofbit rate in table 46 and crosstalk as
shownin tables 47-52.

2 The specific combinations of loops and rates shownIn table 46, and crosstalk shownin tables 47 —
52 shall be tested for elther category | or category |} ATUs,asindicated.

 
  
  

Table 46 — Loop sets and maximumrates for category | and category Il testing

  

   
  
  
  

 Maximum rate (kbit/s)
catego Simplex Duplex

174.601(7,13)|51HEO
|CSA(4,6,7),Mid-CSA|_||144|4160
|74.601(7,9,13)[|15416+160
|CSA(46,8),Mid-CSA[T614444576   
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15.2. Impairments andtheir simulation in testing

15.2.1 Crosstalk

Crosstalk spectral compatibility is tested using simulations of the interference caused by coupling
from other transmission systems sharing the same cable. Four combinations of white noise and
NEXTfrom the following systems are used:

- DSL;
~ HDSL;
— ADSL;
— T1 line (adjacent binder group).

For each of these the Power Spectral Density (PSD)of the transmitted signal and of the induced
crosstalk is calculated for the appropriate numberof disturbers and crosstalk model. The detailed
analysis of the PSD and the model are provided in annex B.

Theinterferers used for the tests are

- 10 or 24 disturber DSL NEXT;

10 of 20 disturber HDOSL NEXT;

10 or 24 disturber ADSL NEXT and FEXT;

4, 10 or 24 disturber T1 NEXT (adjacent binder group).

The resulting noise power spectra for these interferers are shown in annex B, where the
derivation of the spectrum is described for each of these sources.

15.2.2 Impulse noise

There are two impulse waveforms defined for testing. These are reconstructions of actual
recorded Impulses observedinfield tests, and represent the single most likely waveforms at
specific sites. These waveforms are shownin figures 39 and 40 as approximations only. The two
impulse waveformsfor testing purposes are described in annex C with the amplitudes specified at
160 nanosecondintervals.
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Figure 39 — Test Impulse #1
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Figure 40 — Test impulse #2
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15.3 Test procedures

15.3.1 Test setup

Figure 41 showsthe test setup for measuring performance margins on ADSL systems. Thetest
system consists of a central office transceiver (ATU-C), a remote end transceiver (ATU-R), and
associated POTSsplitters. The two transceivers are connected together by the test loop.
Calibrated simulated crosstalk Is injected through a high impedance network acrossthe tip and
ring of the loop at the input of one of the transceivers. Impulse noise from a waveform generator
is similarly injected. Crosstalk and impulses are injected at the ATU-R for simplex channeltests,
and at both the ATU-C and ATU-R for duplex channeltests.

Pseudo-random binary data from the transmitter of the bit error ratio (BER) test set is presented
at the simplex channel input of the ATU-C, and the received clock and data outputs from the
ATU-R are connectedto the receiver of the same or a similar BER test set. The test set

measures for BER or errored-seconds (ES), as needed, Similar error testing is done in both
directions for the duplex channels at the rates neededfor the particular system under test.

A telephonesetis connectedto the telephonejack of the splitter at the ATU-R end, and a working
telephoneline circuit is connected to the telephonejack on the splitter at the ATU-C end,
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Figure 41 — Laboratory test setup for measuring performance margins

15.3.1.1 Crosstalk noise injection

Simulated crosstalk, XT (NEXT and/or FEXT)is introducedinto the test loop at the ATU-R so as
to achieve the appropriate voltage level without disturbing the impedanceofthe test loop or the
transceiver. This is done with a balanced series feed of high impedance. One method for both
test and calibration is shownin figure 42. The Thevenin impedanceof all noise-couplingcircuits
connectedto the test loop shall be greater than 4000 ohms.

The simulated XT should ideally have the power and spectral density defined by the equations for
Pret OF Prexy in annex B.It is acknowledged, however, that if the method of generating the
simulated XTis similar to that shownin figure 42, then its accuracy will depend on the designof
thefilter used to shape the white noise. Therefore a calculated XT PSD may be defined for which
a tolerance onf, of +2 % is allowed at each null. Then the accuracy of the simulated XT shall be
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within +1 dB of the calculated XT for all frequencies at which the calculated valueis less than 45
dB below the peak value. The total power of the simulated XT shall be within +0.5 dB of the
specified value using the same calibration termination.

The crest factor of the simulated XT shall be equalto or greater than 5.

The simulated XT PSDshail be verified using the calibration termination shown in figure 42 and a
selective voltmeter or true RMS meter with a bandwidth of approximately 3 kHz. For DSL and
HDSL crosstalk the circuit shall be calibrated for 1.3 dB less crosstalk than specified in annex B,
in order to compensate for the use of 100 ohm terminations instead of 135 ohms.

high impedance coupling circuit

 
ee>

bandwidth attenuator
12kH2-2MHz

generator < 15dBm filter <@ To
75 Q unbal 0 to 120 dB _ | hie

0.5 dB steps ring ; ‘OOP
75 Q unbal §.1kQ I
1800 Qbal

2Z=11.2kQ

Calibration termination: R Rree
connectinstead oftest loop 100.Q 100Q

Figure 42 — High impedancecrosstalk injection circuit

The characteristics of the white noise generatorin figure 42 are crucial to the accuracy of the
tests; consideration should be givento the following factors:

- The probability distribution of the peak amplitude: The noise shall be Gaussian within
all frequency bands;

~- Crestfactor: This is an indication of the number of standard deviations to which the

noise follows a Gaussian distribution; the required minimumis for further study, but is
provisionally set at 5;

— The frequency spectrum:If the noise is generated using digital methods the sequence
repetition rate will affect the correlation of the samples, and hence the frequency
spectrum.

15.3.1.2 Impulse nolse Injection

The same couplingcircuit as is used in 15.3.1.1 is used for Impulse noise injection. The amplitude
level of the impulses may be measured with an oscilloscope.

15.3.1.3 Error testing

The error test set(s) shall be capable of testing at all channel rates available in the test system
(see clause5). A test pattern of length 229-1 shall be used.
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15.3.2 Test conditions

15.3.2.1 Crosstalk interference

Tables 47 and 48 show the combinations of test loops, numbersof interferers, and data rates to
be tested for category | and category II ATUs, respectively.

Table 47 — Crosstalk tests for category |

Test loops Maximum|}Maximum
simplex duplex
rate rate

(Mbit/s) (kbit/s)

T1.601 (7,13 16 + 160
CSA (4|6.144|644160|
CSA (6

CSA

Mid-CSAloop

NOTE~ Theindicated interferers for each test are summed together with AWGN with PSD of
dBm/Hz to form a composite power spectral density.

 
Table 48 — Crosstalk tests for category Il

Test loops Maximum|Maximum|Margin Crossialk (note 1)
simplex duplex Ti NEXT
rate rate

(Mbit/s) (kbit/s) binder

rm wre7,9,13

||CSA(4,6,8 64+576|6|10|10|24|
CSA 6 64+576|oOo|-|-|=|4(note2)|
Mid-CSA loop 64+576|6|-|-|10|24|
NOTES

1 Theindicated interferers for each test are summed together with AWGN with PSD of — 140 dBnV/Hzto
form a composite powerspectral density.

2 In this case the higher transmit power option may be used.

 
15.3.2.2 Impulsetest

Tables 49 and 50 show the combinationsof test loops, interferers, and data rates to be tested.
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Table 49 - Test loops, Interferers, and data rates for Impulse tests for category |

Test loops Duplex rate Simplex rate

1 note

Py|71.601 (7.13 1.544 16+160|y|
CSA(4,6,7 64+160|y|y|yy|
Mid-CSA (6 kft 644160|y|y|yy|

NOTE — The type of crosstalk interference applicable for each testIs taken from the corresponding testin
table 47. The total powerof the applied interference shall be fixed at 4 dB below the reference level.
 

Table 50 — Test loops,interferers, and data rates for impulse tests for category Il

 
 

  
 
 
 

Test loops Duplex rate Simplex rate

1 note

(71.601(79,13)ss]1544|64160)COTCyCTCyCTCY
|CSA(4,6,8)|144|4+576|CyCTCyCTC

|Mid-CSA(6Kft)sss|144|S644576|CyCTCyTy 

 
 

NOTE — Thetype of crosstalk interference applicable for eachtest Is taken from the correspondingtest in
table 48, The total powerof the applied interference shall be fixed at 4 dB below the reference level. 
 

15.3.2.3 POTS

The interference due to POTS service on the sameline is generated by use of actual telephones
and central office circuits connected in the normal way to the system undertest. The following
POTSsignaling and alerting activities shall be performed:

call phone at ATU-R andallow to ring 25times;

— pick up ringing phone at ATU-R, 25 times;

perform off-hook and on-hookactivity on phone at ATU-R,25 times;

perform pulse and tonedialing.

Tables 51 and 52 show the combinationsoftest loops, interferers, and data rates to be tested for
categories | and Il.
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Table 51 - Test loops,interferers, and data rates for POTS tests category |

simplex rate duplex rate POTS signaling|Crosstalk (note

kbit/s

kbit/s

kbit/s

NOTE — Thetypeofcrosstalk interlerence applicable for each test is taken from the correspondingtest
in table 46. The total powerof the applied interference shall be fixed 4 dB below the reference or 0 dB
margin level.

  
 

 

 

  
 

 

 
 
  

Table 52 — Test loops,interferers, and data rates for POTStests category Il

Test loops Maximum interferers
simplex rate duplex rate|POTS signaling|Crosstalk (note

kbit/s

kbit/s

   

 

  
 

 
 

 
 
 

kbit/s

Mid-CSA loop 64+576
kbit/s

NOTE — Thetype of crosstalk interference applicable for each test is taken from the correspondingtest
in table 48, The total power of the applied interference shall be at a fixed level of 4 dB down from the
reference or 0 dB margin level.  

15.3.3 Test methods

With the test set-up as shownin figure 42, the test combinations described in 15.3.2 shall be
tested as follows:

15.3.3.1 Crosstalk

Before testing, the ADSL units are trained with the crosstalk interference specified in 15.2.2 and
15.3.2.1 present. The simulated crosstalk poweris injected at the appropriate referencelevel.
The powerlevels given in 15.2.1 for each type of crosstalk are considered the 0 dB margin for
that type and numberof disturbers. For example, the 0 dB margin level for 24-disturber DSL
crosstalk was —52.6 dBm. Margin measurements are made by changing, in whole dB steps, the
powerlevelof the crosstalk injected at the transceiver and monitoring the BER overthetest
loops. A tested system haspositive margin for a given type of crosstalk on a givenloopif the
system was able to operate at a BER < 1E-7 with injected crosstalk powergreater than the 0 dB
margin level.

Thecriteria for margin level determination shall include a check that the ADSL unit can train at
the margin level.

The minimumtesting times to determine BERs with 95% confidence are shownin table 53,
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Table 53 — Minimum test time for crosstalk

[lessthan4.544|20minutes

15.3.3.2 Impulse noise

  
  

Before testing, the ADSL units are trained with the crosstalk interference specified in 15.3.2.2
present. The test procedure consists of injecting the selected impulse waveform at varying
amplitude levels and random phase.At eachlevel the impulseis applied 15 times with a spacing
of at least one second while an error measurement is made on the ADSL channels. The

amplitude (u,) in millivolts at which half the impulses cause an error is determined for each
waveform

Using the above amplitude determinations , the following equation gives the estimated probability
that a secondwill be errored:

E = 0.0037 P(u>u,1) + 0.0208 P( u>u,2)

 

where: P(u>u,) = 2. for 5mVs us 40 mV
Ue

0.625

P(U>u,) = ie tor Ye> 40 mve

u,1 refers to waveform 1
U,2 refers to waveform 2

The resulting value shall be less than the escriterion of 0.14%.

15.3.3.3 POTS interference

Before testing, the ADSLunits are trained with the crosstalk interference specified in 15.3.2.3
present. Signaling disturbances are created through use of the CO line connectedto the splitter
at the ATU-C, and the telephone set connected to the telephonejackof thesplitter at the ATU-R.
During these activities, monitor the ADSL channels while noting any test conditions that cause
errored seconds.
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16 Physical characteristics

16.1. Wiring polarity integrity

ADSL operation shall be independentof the polarity of the pair of wires connecting the ATU-C and
ATU-R.

16.2 Connector

For single mountings, the connection of the POTSsplitter to the existing Cl wiring interface shall
be as specified in table 54 and shownin figure 43 using an 8-pin plug and jack (RJ31X) equipped
with shorting bars. In this configuration the cord connecting the POTS splitter and ATU-R unit
shall be hard wired. The use of a separate POTSsplitter physically separated from the ATU-Ris
not precluded by this standard. The layer 1 requirements for the ATU-R-to-splitter interface may
be defined in a later issue of the standard. For multiple mountings, other connection
arrangements may be appropriate.

Table 54 — Pin assignments for 8-position Jack and plug (RJ31X) at U-A

[Pinno.‘|Assignmentforjack|—==s—s—s—SSdAssignmentforplug
11~——_|Tip or ring to POTSdistribution Tip or ring to POTSsplitter (out
[2~~~~~_'(Noconnecton —Ss——SSSCSC™~CS|Nccnntection
[3~_|Noconnection==~S——CSCSC*d|Noconnection

[6

[8

  
 
 
 

Tip or ring to POTSsplitter(in

Tip or ring to POTSsplitter (out  : To U-R
: interface

*NOTE — Shorts from pins 1
and 5 to 4 and 8, respect-
ively are removed upon
insertion of the plug.  

Splitter

ATU-R

Figure 43 — Interface on the customer premises side of the U-R
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16.3. Wiring requirements for a remotely located POTSsplitter/ATU-R

It is recommended for a remotely located POTSsplitter/ATU-R unit that the plug and jack
arrangement specified in 16.2 be used. The connections between plug 1 and jack 2 are as
specified in table 55, and Illustrated in figure 44. The pin connections for plug 2 shall be as
specified in table 54. |n this configuration the cord connecting the POTSsplitter and ATU-R unit
shall be hard wired.

Table 55 — Pin assignments for &-position Jack and plug at remote location

|Pinno._—s|Assignmentforjack2
‘1Frompiniofplugitopiniofjack2|

(38.—SSSSSSCNoconnection—er—s—“‘CSCSC*C*s‘is*CY

From pin 5 of plug 1 to pin 5 of jack 2

16————__| Noconnection
No connection

 
  
  
  
 

 
 

  
  
  

 
 
18——sd| From pin8of plug 1 to pin 8 of jack 2

Plug and Jack Plug and Jack

Splitter
U-R So eS Es aan
interface out(1,8) ATU-R

POTS Service

Figure 44 ~ Wiring for a remotely located POTS splitter/ATU-R

16.4 Maximum distance for a remotely located unit

The distance betweenplug and jack 1 and the remotely located POTSsplitter and ATU-R unit
shall not exceed (for further study) feet when the two pairs, (4,5) and (1,8), are In a common
sheath.
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17 Environmental conditions

17.1. Protection

Materialreferring to protection may be found in annex F of this standard.

17.2. Electromagnetic compatibility

Material referring to electromagnetic compatibility may be found in annex F of this standard.
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Annex A

(normative)

ATU-C and ATU-Rstate diagrams

A.1 Introduction

This annex provides state diagrams for the ATU-C and ATU-R, some portions of which are mandatory to
guarantee interworking betweendifferent manufacturers’ units, and some portions of which are presented
here as an example only — their functions may be required or desired, but the implementationis left to the
vendor.

A.2 Definitions

The following terms and abbreviations are usedin this annex. Where states or events have been
defined elsewherein this standard, the definitions are referenced here for convenience.

- C-ACT: See 12.2.2,
— C-TONE: See 12.2.1.3.
- R-ACT-REQ: See 12.3.1.
— R-ACK: See 12.3.3,

— lof-rs: Loss of ADSL frame synch/resync event. This event occurs when some
algorithm, which may be vendor-specific, determines that a resync
attempt is required. Notethat this lof-rs event is probably (but not
required to be) related to the sef (severely errored frame) defect defined
for operations and maintenance (11.3).

— LOF: Loss of ADSL frame synchronization declared after sef time-out (near—
end severely errored frame defect, defined in 11.3).

- LOS; Lass of received signal at "U" interface declaredafter los time-out (near—
end loss of received signal defect, defined in 11.3).

— high BER: High bit error rate in received data: detected by thresholding #cre errors
(near-end cre-8i and cre-8ni error anomalies, defined in 11.3) over some
period of time.

host contro! channel: An ATU-C configuration control channel from somehost controller, such
as an ACOT (ADSL Central Office Terminal), which controls one or
more ATU-Cline units. Note that this channel has no relationship or
direct Interworking with the 64 or 16 kbit/s "C" bearer channel, whichis
sometimes also called a control channel.

recontig1: A channelization reconfiguration that can be accomplished without
resetting certain key portions of the data framing, transmitter, or receiver
functions (clauses 6 and 7), and thus can be performed without
disrupting channels that would not change as a result of the
reconfiguration. For example, if four 1.536 Mbit/s simplex channels are
currently active and areall allocated to the interleave data buffer, then a
reconfiguration that requires two of them to remain active, and the other
two to be replaced by a 3.088 Mbit/s channel would qualify as a
reconfig1.

reconfig2: A channelization reconfiguration that requires resetting of some key
portion of the data framing, transmitter, or receiver functions (clauses 6
and 7), and which thus cannot be achieved without loss of some user
data. This reconfiguration request will require a fast retrain. Examples
are:

— achange from the default bearer channel rates to optional rates,
such as a requestfor a reconfiguration from a single 6.144 Mbit/s
simplex bearer to a 6.312 Mbit/s simplex bearer, which requires a
change in aggregate transmitted bit rate, FEC codeword size, and
resetting the interleave/deinterleave functions;
— If four 1.536 Mbit/s simplex channels are currently active and areall
allocated to the interleave data buffer, then a reconfiguration that
requires one or more of them to moveto the fast data buffer would
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require a fast retrain to allocate the extra AEX byte for the fast data
buffer, to change the FEC codeword parametersof the interleaved
data buffer, and to reset the interleave/deinterleave functions.

A.3 State diagrams

State diagramsare givenin figure A.1 for the ATU-C, and In figure A.2 for the ATU-R. States are
indicated by ovals, with the nameof the state given within the oval. The states are defined in
table A.1 for the ATU-C andin table A.2 for the ATU-R. Transitions betweenstates are Indicated
by arrows,with the event causingthetransition listed next to the arrow. For some events, the
sourceof the eventis indicated with letter(s) and a colon preceding the event name;a keyto the
source eventsis provided at the bottom of each figure. Mandatory states and events are
Indicated with boldface type; those states and eventsin normal face type are provided here as
an example, with the form of their implementation left to the vendor.

In the state diagram for the ATU-C, a C-IDLE state would be desired to guarantee a quiet mode,
which may be usefulprior to provisioning,to allow certain tests (e.9., MLT), or to discontinue
service. A selftest function is desirable, but it may be a vendor/customeroption to define when
selftest occurs (6.g., always at power-up or only under CO control), and whichtransition to take
after successfully completing selftest (e.g., enter C-IDLE, or enter C-QUIET1, or enter C- _
Activate/Iniv/Train). .

A variety of “host controller" commands(events preceded by "c:") are shown as non-mandatory in
the ATU-Cstate diagram to provide example eventsandtransitions between states. The wayin
whichthese events are implementedis left to the vendor, since many options are possible (e.g.,
separate host controller port on the ATU-C, switchesor other front-panel controls, fixed options).

A "Retrain" state is shown as non-mandatory in both state diagrams(fastretrainis still under
study). A “Resync" state is shown as non-mandatory in both state diagrams,to beleft as a
vendoroption that may use vendorproprietary algorithms.
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Power On

c:selftest

fall

i

c:idle_
ignore

 

 
 
 

 
  

c:selftest

pass

ciactivate

c:idle_ignore

 
 
 
 
 

  
 

 
 

C-
Activate/
Init/Train

 
 
  

c:idle_monitor LOF or LOS

successful

 
  

 

C-Retrain LOS

 success successN

high_BER

or c:raconfig2 ‘\
Key--Event Sources:

Cc: host controller command

r received from ATU-R

 

 

State Definitions in table A.1

Terms defined in clause A.1

Figure A.1 — State diagram for the ATU-C

Copyrigh| American Bean StandardsInsiltule Order Number: W1 806785.Provided by IHS under license wilh ANSI Sold lo:MICHAEL J NEWTON[029940100001] - MIKE. NEWTON@ALSTON.COM,
No reproduction or networking parmilted withoul licanse from IHS Nolfor Resale,2016-02-12 18:06:09 UTC

Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 148



Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 149

ANST TLe41)3 95 MM 07249350 OSebe3b 155

ANSI T1.413-1995

Power on
~a

  
 
 

R-QUIET1
(monitor

 

  
LOF or .

LOF or fail orLOS

Los LOS timeout  
 

 
  
 

LOF R-Retrain

  
 

success successXN

high_BERor lof-rs
aoc:reconfig2

 
 

eoc:self-test successful

Key -- Event Sources:
r: received from ATU-C

eoc: embedded operations channel command
aoc: ADSLoverhead control channel command

State Definitions in table A.2
Terms defined in clause A.1

Figure A.2 - State diagram for the ATU-R
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Table A.1 — ATU-C state definitions

C-SELFTEST Unit performs selftest. Transmitter and receiver off (quiet at U-C
interface); no responseto host control channel (e.g., ACOT)

C-UNIT-FAIL (selftestfailed)
Monitor host control channel if possible (could allow ATU host
controller to retrieve selftest results)

Transmitter and receiveroff (no response to R-ACT-REQ).
Monitor host control channel

Transmit C-TONEtone andtransition back to C-IDLE

Transmitter off

Receiver on, monitoring for R-ACT-REQ:;if detected,transition to
(idle; monitor ATU-R) C-Activate/Init/Train state

Monitor host control channel

C-Activate/Init/Train Initialize Train_Try_Counter
(Starts with State C-ACT while (--Train_Try_Counter >= 0)
of 12.2; includes 12.2, { Transmit C-ACT (12.2.2)
12.4, 12.6, 12.8) Start timer

If receive R-ACK before timer expires
proceedwith initializationAraining
If successful, transition to C-ACTIVE

}
Transition to C-QUIET1

C-ACTIVE Perform steady state bit pump functions (user data channels active)
(Steady State Data Allow bit swaps and non-intrusive reconfigurations (reconfig1)
Transmission; Monitor host control channel

Monitor alarms, eoc, aoc
If LOS or LOFevent, transition to C-Activate/Init/Train

(State is entered when somealgorithm, possibly based onlossof
(non-mandatory; vendor ADSL synch framing, determines that resync is required)
proprietary) Declare set (defined in 11.3) — user data transmission has been

disrupted
If signal present(i.e., not los)
Attemptto find synch pattern and realign (vendorproprietary)
If successful, remove sef and transition to C-ACTIVE
else time-out on sef, declare LOF event, transition to C-
Activate/Init/Train

else time-out on los, declare LOS event,transition to C-
Activate/Init/Train
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C-Retrain (State can only be entered if received signalIs still present andif
(fast retrain for further ADSL frame synchisstill maintained)
study) Declare sef (defined in 11.3) — user data transmission has been

disrupted
If signal present(i.e., not los)
Channel ID andbit allocation calculation

Reset Data Framing and V-interfacecircuits
If successful, remove sef and return to C-ACTIVE
else time-out on sef, declare LOF event,transition to C-
Activate/Init/Train

else time-out on los, declare LOS event, transition to C-
Activate/Init/Train

 
Table A.2 — ATU-R state definitions

State name Description

R-SELFTEST Unit performs selftest. Transmitter and receiveroff (quiet at U-R
interface)
If selftest passes, transition to R-ACT-REQ
else transition to R-UNIT-FAIL

R-UNIT-FAIL (selftest failed — no exit from this state, except to cycle power)

R-ACT-REQ Receiver on, monitoring for C-ACT or C-TONE
(12.3.1) while (C-ACT not received AND C-TONEnotreceived)

{ Transmit R-ACT-REQ for 128 symbols (see 12.3.1)
No transmission for 896 symbols

If (C-ACT was received) transition to R-tnit/Train
if (C-TONE wasreceived) transition to R-QUIET1

R-QUIET1 Transmitter off;
(12.3.2) Receiver on, monitoring for C-ACT
(Idle; monitor ATU-C) Start timer (60 seconds, see 12,3.2)

At timeout transition to R-ACT-REQ

R-Init/Train (Starts with|Transmit R-ACK
State R-ACKof 12.3; Proceedwith Initialization and Training Sequence
includes 12.3, 12.5, \f successful, transition to R-ACTIVE
12.7, 12.9) else transition to R-ACT-REQ

R-ACTIVE Perform steady state bit pump functions (user data channels active)
(Steady State Data Allow bit swaps and non-intrusive reconfigurations (reconfig1)
Transmission; Monitor alarms, eoc, aoc
7, 11.2, 11.3, 13) If LOS or LOF event, transition to R-ACT-REQ

R-Resync (State is entered when somealgorithm, probably based onloss of
(non-mandatory; vendor ADSLsynchframing, determines that resync is required)
proprietary) Declare sef (defined in 11.3) — user data transmission has been

disrupted
If signal present(i.e., not los)

Attemptto find synch pattern and realign (vendor proprietary)
If successful, remove sef and transition to R-ACTIVE
else time-out on sef, declare LOF event, transition to R-ACT-REQ

else time-out on los, declare LOS event, transition to R-ACT-REQ
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Table A.2 (concluded)

R-Retrain (State can only be entered if received signalis still present andif
(fast retrain for further ADSLframe synchis still maintained)
study) Declare sef (defined in 11.3) — user data transmission has been

disrupted
Reset Data Framing and T-interface circuits
if signal present(i.e., not los)

ChannelID andbit allocation calculation

If successful, remove sef and transition to R-ACTIVE
else time-out on sef, declare LOF event, transition to R-ACT-REQ

else time-out on los, declare LOS event, transition to R-ACT-REQ
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Annex B

(normative)

Powerspectral density of crosstalk disturbers

Crosstalk margin measurements were madeforfourtypes of disturbers, DSLs, HDSLs, T1s and
ADSLlines. DSL, HDSL, and ADSLcrosstalk is from pairs within the same binder group; T1
crosstalk is from palrs In an adjacent binder group.

B.1 Simulated DSL powerspectral density and Induced NEXT

The powerspectral density (PSD) of Basic Access DSLdisturbers is expressed as:

2

sn(|2 to ]

PSD pst.Disturber = KSL X Fo X=—~—5=-X———7 ,_faqp = 80 kHz, OS f<e
fo f3aB

5 Ve
wheref, = 80 kHz, Kpsp =oe Vp =2.50 Volts and R =135 Ohms
This equation gives the single-sided PSD; that is, the integral of PSD, with respect to f, from 0 to
infinity, gives the powerin Watts. PSDpg1-pisturber iS the PSD of an 80 kbaud 2B1Q signal with
random equiprobable levels, with full-baud square-topped pulses and with 2nd order Butterworth
filtering ( fog, = 80 kHz).

The PSD of the DSL NEXT can be expressed as:

3PSDps.-Next =PSP? OS f<,n=1, 10, 24, 49
where X, = 0.882 x 10 —4 x N 2

The integration of PSDp5)pistuber 29d PSDog.nexx OVEr Various frequency rangesofinterest are
presented in table B.1.
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Table B.1 — DSL transmit and Induced NEXT power

Range dBm dBm dBm
10 disturbers 24 disturbers

fo-OfeMHz|136|-549[ -526|
fO-0.92MHz|13.6|549
ax:ee|526
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Figure B.1 — 24-disturber DSL NEXT
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B2 Simulated HDSL powerspectral density and induced NEXT

The PSD of HDSL disturbers is expressed as:
2

7 an(2) ;
PSDups-pisturber = Kups X= - 7 XT

a teto Ssap

y?
wheref, = 392kHz, Kups = > x =z" V, = 2.70 Volts, and R = 135 Ohms

, faap = 196 kHz, O< f <oo

This equation gives the single-sided PSD;that is, the integral of PSD, with respectto f, from 0 to
infinity, gives the powerin Watts. PSDips,-pistuber iS the PSD of a 392 kbaud 2B1Q signalwith
random equiprobable levels, with full-band square-topped pulses and with 4th order Butterworth
filtering ( fag = 196 kHz ).

The PSD of the HDSL NEXT can be expressed as:

3

PSDypsu-next = PSDyns.—pisturber [3 » OSf<ce, n=, 10, 24, 49
where X,, Xo, X,, and x, are defined in B.1

Theintegration of PSDos,-pisturber OVEr Various frequency rangesofinterest is presentedin table
B.2 along with the induced NEXT power.

Table B.2 — HDSLtransmit and Induced NEXT power
NEXT Power NEXT Power

Transit power 10 disturbers 20 disturbers
Frequency range dBm

5 ;

0— 0.196 MHz

0 — 0.392 MHz

— 1.544 MHz

0 — 1.568 MHz

 0-0.784 MHz
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Figure B.2. showsthe theoretical PSD of 10-Disturber HDSL NEXT.
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Figure B.2 — 10-disturber HDSL NEXT
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B.3 Simulated T1 line power spectral density and induced NEXT

The PSD of the T1 line disturber is assumed to be the 50% duty-cycle random Alternate Mark
Inversion (AMI) code at 1.544 Mbit/s. The single-sided PSD hasthe following expression:

2

> sn(2Vp 2 fs +2  af 1 e
PSDr)_ pisturber = X| S| sin X——-Xa: O<f<Dr1— Disturb R, fo (=| (=) i+[ f ) f+ fy,aB? f <0to Jap

Thetotal powerof the transmit T1 signal is computed by:
2

Pr\—toral =+ a
Itis assumed that the transmitted pulse passes through a low-pass shapingfilter. The shaping
filter is chosen as a third order low-pass Butterworth filter with 3 dB point at 3.0 MHz. Thefilter
magnitude squared transfer functionis:

|

1+[ L)Fran

In addition, the coupling transformer is modeled as a high-passfilter with 3 dB point at 40 kHz as:

Flraping (fy) = 
 

—
f? + fap?

Furthermore,it Is assumedthat V, = 3.6 Volts, A, = 100 Ohms,and f, = 1.544 MHz.

ATransformer (f )

The PSD of the T1 NEXT can be expressed as:

3

PSDy_next = PSDaf » OSf<-~, n=4, 10, 24
where X,, Xo, , and X,,, are defined in B.1

The T1 transmit and induced NEXT powers using n-crosstalk models (X,) are presented in table
B.3, and the PSDsof 4, 10, and 24 T1 NEXTdisturbers are showninfigure B.3.

Table B.3 - T1 transmit and induced NEXT powerwith shaping and coupling transformer

Frequency Transmit Power NEXT Power NEXT Power NEXT Power
Range dBm 4 disturbers 10 disturbers 24 disturbers

dBm dBm dBm

0 - 1.544 MHz
0-3 MHz

O-10MHz|146|48.04548S
 

For testing, the T1 NEXT powersin table B.3 and PSD curvesin figure B.3 have been adjusted
downward by a total of 15.5 dB to take accountof (a) the reduced coupling from an adjacent
binder group (10 dB) and (b) an average separation between disturbing T1 transmitter and ADSL
receiver (5.5 dB)
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Figure B.3 - 4 and 20-disturber T1 NEXT
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B4 Simulated ADSL powerspectral density and induced FEXT

The PSD of ADSLdisturbers is expressed as:2

PSDapgu-pistuber = Kavs. X 7 xe2x ILPF(A)I2 x LHPF(NI , Osf<ooO

)
where f, = 2.208 x 10°Hz, Kang, = 0.1104Watts,

This equation givesthe single sided PSD, where Kang,is the total transmitted powerin Watts for
the downstream ADSLtransmitter before shapingfilters, and is set such that the ADSL PSDwill
not exceed the maximum allowed PSD.f, Is the sampling frequency in Hz and

—B

{4}foe

is a fourth order low passfilter with a 3 dB point at 1104 kHz, and

ILPF(f)|’ = 1 fag = 1.104 x 108Hz

f8HPF(f\" =| ( ! f° + fap5 fgg = 20x 10°Hz

is a fourth order high passfilter with a 3 dB point at 20 kHz, separating ADSL from POTS. With
this set of parameters the PSDang is the PSD of a downstream transmitter that uses all the
channels.

The FEXT loss modelis:

[Hex (f YI? = |Agnannes (F 12 x kx 1x FP

where Hyena (f) is the channeltransfer function, k is the coupling constant and is 3.083x10 — 20
for 10, 1% worst-case disturbers, /is the coupling path length in feet and equals 9000 ft for CSA
#6, and fis in Hz. The FEXT noise PSDis therefore:

PSDposi -rext = PSDaps. X| A rexr (fF)?

The integration of PSDyngand PSDangex OVErthe various frequency rangesis shownin
table B.4.

Table B.4 — PSD,pg, and PSD,ns¢¢x, power with shaping and coupling transformer
FEXT Power FEXT power

Transmit power 10 disturbers 24 disturbers
Frequency range dBm dBm dBm

 

 

   
 

   
O- 1.104 MHzJ90|09667.3
0 — 2.204 MHzpo92967.3
0 - 4.416 MHz p92CT9G67.3  
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Figure B.4 showsthe theoretical PSD of 10-disturber downstream ADSL FEXT on CSAloop #6.
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Figure B.4 — Theoretical 10-disturber ADSL FEXT
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B.5 Simulated ADSL-induced NEXTInto the downstream signal

The upstream ADSLsigna! nominally occupies the band from 25 to 138 kHz, but the upper
sidelobes of the pass-band signal beyond 138 kHz may also contribute to the NEXT into the
downstream signal. Their effect will depend on the method of anti-allassing used in the remote
transmitter, which issue is addressed in 7.12.3. The PSD of the upstream ADSL NEXTcan be
expressed as:

3

PSDppsi-next = PSDapstus-pistuber [| » OSf<c
where x,, is defined IN B.1. PSOans)us-aisturbor |S difficult to define precisely because of the
various sidelobes of the passband signals. For simplicity, the transmit PSD maskgiven in 7.12
will be used; i.e., - 38 dBm/Hz from 28 kHz to 138 KHz, — 62 dBm/Hzat 181.125 kHz, and — 86
dBnV/Hzat 224.25 kHz,with a straight-line fit on a logarithmic scale for the transmit PSDs
between 138 kHz and 181.125 kHz, and between 181.125 kHz and 224.25 kHz. This transmit

PSDis multiplied by the (sinc)? term with f, = 276 kHzto get the final PSDgps)usdistuber IN
particular, PSDastus-disturber CAN be expressed as:

PSDapstwus-pisturber = Kmask * > Osf<co

ty

where f, = 276 x 10°Hz,
Kmask = ~ 38 dBm/Hz 28 kHzsfs 138 kHz

f — 138000
— 38 — 24 ————_| dBrvHz_ Ff > 138 kHz

43125

145
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Figure B.5 showsthe theoretical PSD of 10-disturber ADSL NEXT.

 ADSL NEXT (Upstream into Downstream)
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Figure B.5 — Theoretical 10-disturber ADSL NEXT
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Annex C

(normative)

Characteristics of test Impulse waveforms

The two test impulse waveforms specified in clause 15 of the standard are described in tables
C.1 and C.2 with the impulse wave amplitude given in millivolts at 160 nanosecondtimeintervals.
The specific means of generating these waveformsfor test purposesIs left to the implementor.
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Table C.1 — Impulse number1

|_Interval#|Amplitude mV Interval #
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0.1601|__148
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Table C.2 - Impulse number 2

  litude mV|Interval#|Amplitude mV
101

 
Order Number: W1806785 1 49Sold to:MICHAEL J NEWTON [029940100001] - MIKE NEWTON@ALSTON.COM,
Nalfor Resale,20 16-02-12 18:06:09 UTC

Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 165



Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 166

ANSI T1-413 95 MM 0724150 0526253 234

ANSI T1.413-1995

Table C.2 (continued)

 

 
 

 

  
   

     

 
 

 
 
 
 

 
 

  

[interval#|AmplitudemV|interval#|AmplitudemV|interval#|AmplitudemV__|
Piet]1.9212Tot0.8005_||1.2808
Psa|1.9212|02|0.9606||16010
Pisa|2.0819|0]16010||=1.8010
Pisa|2.4015|S2042401S|Ad0g
Pies]soe|TIS55|0.4803
Pie«|S506dTS|28B1B|B

Pisa|1.6010sid]ST1.9212||0.4803
Pisa|S100=~]S|1.1207||0.9606
Pte0d|SCt2i2TtT960680]=1.1207
Pter|=1.92214207114409

Pea[20813ata1.4400|621.2808
Pes|24gaig762S0.1607
Pptea|25616ta24015|02

Pies|2727|tT256165|0.0000
Ppie8{2.2414ate22aig66|=0.4803
Ppte7—|1.2008T2761er|0.4803

Pes]1.2008Tete1.7611|8B]0.4803

P70|=3.041900.9606|27|=0.4803
Ppi7i_i|28818et=0.8005|271|0.1601

P72|25616|S|0.9606720.0000

P74[|1.9212ggg40.1601
Pe|19212|2401S0G
Pie|SSeaidTGT2244|76|0.4803
|ivy«|=25ei6|79212a7|S0.6404

|e«|=27ei7|eT1.4409278|=0.8202
Pio]S566|0.4803eo|0.1601
Pao|=24015230T0000.||BOR
Pet]2.24430.64048]03202
Pee|20813Te6010Ss]0.1601
Pies|teriid]SSTei|83|=0.3202
Pea1.60106010840.4803
Pies|1.767E859212S|0.6404

|ter|~~3.0419S37=do287|01
Ppiaa|3.2020aeT=0.4803||AOA

Ppi90|1.9212240.0000|000.4803
Ppig1|1.2808a0.6404|2010.0000

p19|0.9606Taee010||0.6404
pes]1.t207a2.4015|=0.8404
PioT=2.0813ag19212|4|0.4803
|195[28818a0.9606||0.1601

P96|3.0419a=0.4803|G|4803
P97|27oi7a70601||AOA
Pte=2.720170.1601|8480S
|ia|2.0819edo0.000099S]S844
|=1.4409]250|0.8005|00]04803
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Table C.2 (continued)

   
 

 

 
  
  
  
  
  
  

   

   

  

  
  
  

  
  
  
  

   
  
  

  
  

|_Interval#_|Interval #

eea|302|0.960652TogeC/305[0.8608|353|e010|as—}0
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-—22_}0.4808__{}_s7)_|_.tog__420[0.4808|sat|0.480371010ae800
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|824]080058740.4803ae601
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Table C.2 (concluded)

476|0.0000
ee

fp479_|0.0000
|480|0.0000

 0.
0.

0.
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Annex D

(normative)

Vendoridentification numbers

Sixteen bits (hex coded from 0000 to FFFF) are reserved for vendoridentification; these shall be
used by the ATU-C in C-MSGS1 (see 12.6.4), and by the ATU-R in R-MSGS1 (see 12.7.6). The
numbers (with 0000 and 0001 reserved) were randomly assignedto the thirty-seveninitially
identified companies as follows:

Numerical (hexadecimal) order Alphabetical orderfor the first 37

0002 ~=Westell, Inc. Adtran 0012
0003 ECI Telecom Alcatel Network System, Inc. 0022
0004 Texas Instruments Amati Communications Corp. 0006
0005 Intel Analog Devices 001C
0006 Amati Communcations Corp. ADC Telecommunications 0014
0007 General Data Communications (GDC)Inc. AT&T Network Systems OQ00A
0008 Level One Communications AT&T — Paradyne 0011
0009 Crystal Semiconductor AWA 0021
000A AT&T —Network Systems Aware,Inc. 000B
00OB Aware,Inc. Brooktree 000C
000C _—Brooktree Crystal Semiconductor 0009
000D=NEC DSC 0018

QOOE Samsung ECI Telecom 0003
QOOF Northern Telecom,Inc. Ericsson Systems OO1E
0010=PairGain Technologies Exar Corporation 001A
0011 AT&T —Paradyne Fujitsu Network Trans. Systems 0026
0012=Adtran GDC,Inc. 0007
0013 INC IBM Comp. 0016
0014 ADC Telecommunications INC 0013
0015 Motorola Intel 0005

0016 IBMCom. taltel 0024
0017 Newbridge Networks Corp. Level One Communications 0008
0018 DSC Motorola 0015
0019 Teltrend National Semiconductor 0023

001A Exar Corp. NEC 000D
001B Siemens Stromberg-C arlson Newbridge Networks Corp. 0017
001C Analog Devices Nokia 001D
001D Nokia Northern Telecom,Inc. OOOF
001E Ericsson Systems Orckit Communications,Inc. 0020
OO1F Tellabs Operations,Inc. PairGain Technologies 0010
0020==©Orckit Communications,Inc. Samsung 000E
0021 AWA Siemens Stromberg-Carson 0018
0022=Alcatel Network Systems,Inc. SAT 0025
0023=National Semiconductor Corp. Tellabs Operations, Inc. OO1F
0024 Italtel Teltrend 0019

0025 SAT-Société Anonyme de Télécommunications Texas Instruments 0004
0026=Fujitsu Network Transmission Systems Westell, Inc. 0002
0027. MITEL MITEL 0027

0028 Conklin Instrument Corp. Conklin Instrument Corp. 0028
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Annex E

(informative)

Resistance and insertion loss characteristics of typical telephone cables

The tables E.1, E.2, and E.3 provide the calculated resistance and insertion loss between 100
ohm terminations of the loops shownin figure 38.

NOTE — Theprimary constants of both polyethylene insulated cable (PIC) andpulp insulated cable, at O’F,
70°F, and 120°F, are specifled in annex G of ANSI T1.601.

Table E.1 — Resistance and Insertion loss valuesfor test loops at 70°F

 
   

 

insertion loss
dB

Frequency

 

 

  
  
  

40

/36.7|45.2[52.8[57.3|60.2[67.7|74.8|81.7|93.0|110_|
6 [36.4[52.5|47.5[55.7|62.0|60.3[71.5|72.2|82.7|96.2_|

34.1[47.9[48.3[55.7[61.3|62.2[71.4|74.1|85.3|100_|
|22.0|29.6[39.6[40.1|42.5|49.2|50.2|53.8|55.7|70.7_|
|20.0[24.4[30.1[35.2|38.2|40.2|45.1|49.9|54.4|62.0173.6_|

[17.3|20.9|26.8[39.3|37.8|38.6|43.1|49.9|57.9|60.2|72.7_|
2 [22.8|27.7|34.4|38.3|40.8|46.9|52.4|57.4|65.4|77.8|

13.3 [16.2|20.0[23.4|25.4[26.8|30.1[33.2[36.3141.3|49.1_|

NNN°o a

 
17.a

— oO

 

 
 

  
  
  

 

Insertion loss 

 
 

 

Frequency
kHz

20 |40|100|200|260 {300|400|500|600|780

[30.6[37.9|46.9[54.6|59.1|62.1|69.6|76.6|83.4|95.0[113|
[28.4[37.5[53.4[49.1|57.2|63.1|61.9|72.8|73.6|84.2|98.1_|

[T1.601#13|948|27.4|35.2|49.0|49.9|57.2|62.5|63.7|72.8|75.6|87.0|102__|
[CSA#4|658_—*|18.0|22.6[30.4|40.3|41.0|43.5[50.0|50.9|54.3|56.6171.6_|
[CSA#6|784[20.5|25.2|31.2|36.4|39.4|41.4|46.4|51.1|55.6163.3175.2_|
ICSA#7|586_—*[17.9|21.6|27.7|40.0|38.7[39.5[44.1|50.9|58.8|61.4174.0_|
[CSA#8|657s19.8[23.6|28.7|35.4|39.3|41.8|47.9|53.5|58.6|66.8|79.4|
[Mid-CSA[52313.8[16.7|20.7|24.2|26.2|27.6[30.9|34.0|37.1142.2|50.1_|
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Table E.3 - Resistance andinsertion loss in dB for test loops 120° F

Loop # Insertion loss
dB

Frequency
H

40

[11.601#711250||39.6|49.4|57.4|61.8|64.8|72.3{79.3|86.1|97.91116|
29.5|39.1|54.7|51.5|59.5|65.5|64.1|74.7|75.7|86.4|101__|
|36.8|50.7|52.3|59.5|64.5|66.0|74.9|77.9|89.4|105_|

|CSAH#4|704|18.9|23.8|32.2|41.9|42.8|45.2151.5|52.8|56.0[58.7|74.1_|
|CSA#6|83321.4|26.3|32.8|38.2|41.2|43.2|48.2|52.9|67.4|65.3[77.5_|
|CSA#7|623|18.7|22.6|29.1|41.2|40.0|40.9|45.5152.5|60.2|63.2[76.0_|
[CSA#8|69920.7|24.8|30.2[36.7|40.8|43.3|49.4|55.1|60.4|68.8|81.7
|Mid-CSA_55514.4|17.5|21.8[25.5[27.5|28.8|92.1|35.2[38.3143.5[51.6|

 

Copyright American Nalional StandardsInslilule Order Number: W1806785 1 5 SProvided by IHS under license wilh ANSI Sold to:MICHAEL J NEWTON [029840100001] - MIKE NEWTON@ALSTON.COM,
No reproduction or networking permilled wilhout license from IHS Not for Rasale,2016-02-12 18:06:09 UTC

Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 171



Petitioner Sirius XM Radio Inc. - Ex. 1004, p. 172

ANSI T1413 95 MM O724150 0526259 7Se

ANS! T1.413-1995

Annex F

(informative)

Overvoltage, surge protection, and EMC

This standard describes the electrical characteristics of the ADSL accesssignals appearing at the
NI, and the physical interface between the network and the Cl . Phenomena suchaslightning and
overvoltages due to inductive interference or power crosseslie beyond the scopeof this
standard. However, these and othertopics are discussed in the following readily available
documents.

— ANSI/IEEE C62.42-1986, Guide for the application of gas tube arrester low-voltage surge-
protective devices;

- Technica! reference TR-EOP-000001, Lightning, radio frequency and 60-Hz disturbances at
the Bell operating company networkinterface, \ssue 2, Bellcore, Piscataway, N.J., June 1987.

Both the above documents contain useful information on the application of surge arresters and
the loop electrical environment.

— ANSIVEIA/TIA 571-1991, Environmental considerations for telephone terminalis.
This standard discusses the normal operating environment of the telephone terminal equipment,
fire hazards, and protection.

- ANSI/UL 1459-1992, Standard for telephone equipment. This standard deals with safety
considerationsfor telephone equipment.

— Bodle, D.W. ; Gresh, P.A. Lightning surges in paired telephone cablefacilities. Bell Syst. Tech.
J. 40: 19671 March.

— Gresh, P.A. Physical and transmission characteristics of customer loop plant. Bell Syst. Tech.
J. 48: 1969 December.

— Heirman, Donald N. Time variations and harmonic contentof inductive interference in
urban/suburban andresidential/rural telephone plants. EEE, 1976 Annals No. 51200010.

— Carrol, R. L.; Miller, P. S. Loop transients at the customerstation, Bell Syst. Tech. J. 59(9):
1980 November.

- Carrol, R. L. Loop transients measurements in Cleveland, South Carolina. Bell Syst. Tech. J.
59(9): 1980 November.

— Measurementof transients at the subscriber termination of a telephone loop, CCITT, COM V-
No. 53 (November 1983)

— Batorsky, D. V.; Burke M.E., 1980 Bel/ system noise surveyofthe loop plant. AT&T Bell Lab.
Tech. J. 63(5): 1984 May-June.

— Koga, Hiraki; Motomitsu, Tamio Lightning-induced surgesin paired telephone subscriber cable
in Japan, |\EEE Trans. Electromag. Comp, EMC-27: 1985 August.

— Clarke, Gord; Coleman, Mike. Study shedslight on overvoltage protection. Telephony. 1986
November24.

The power emitted by the ADSLis limited by the requirementsin this standard. Notwithstanding
any information contained or implied in this standard,it is assumed that the ADSL will comply with
applicable FCC requirements on emission of electromagnetic energy. These requirements may
be foundin the Title 47, Code of Federal Regulations, Part 15 and Part 68, and other FCC
documents.
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Annex G

(informative)

Examples of ADSL services and applications

G.1 Services and applications

Figure G.1 presents a basic network architecture for ADSL.

The market for ADSL services and applications can be segmented in various ways. Some
potential application groups include: entertainment, educationa/institutional, telecommuting, small
businesses and gaming.

 
VDT - Video-dialtone
VIP — Video information Provider

Figure G.1 — Basic networkarchitecture for ADSL

ADSLbasedservices can offer users one major new innovation: real-time interactive multimedia
services. In addition, the ability to support other application groups is important given that many
homesarelimited to a single copperpair.

The digital video revolution is opening opportunities for new classesof residential applications.
Someof the potential applications can be grouped into the following categories, with examplesof
each group:

— Entertainment:

— movies on demand: end-userdials into a service provider's network to accessa listed
movie;
— music on demand: end-userdials into a service provider's network to accesslisted
music;
~ interactive TV: end-user can accesslive and/or stored video/graphics, search with the
help of pull-down menus,select a channel or channels of choice, and view more than one
channel.

- Educational/Institutional:

— distant classrooms: end-user can participate in a class remotely andinteractively;
= on-line books and manuals: end-user can access books and manuals on-line with the
capability to turn pages, go to a certain page, search with key words or subjects, highlight
the lines on-line, or make scratch-notes on the side of the book or on a scratchpad;
— medical and health consultation: end-user (hospital, say) can consult with, and transmit
medical imagesto, a doctor at a remotesite.
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— Telecommuting:
- work-at-home: end-user (an employee, say) can access employer's workstations,
printers, facsimlle machines on LANs/WANSsetc.;
— video-conferencing; end-user can participate in a video-conference remotely with video
in downstream and audioin upstream along with the workstation and screen-sharing
access.

— Small businesses:

- video-conferencing: similar characteristics as Telecommuting;
~ credit-card picture/signature verifications: small businesses can access a bank's or
credit-card company's authorization database, which transmits the card-holder's picture
and signature to avoid fraud.

— Games:

- interactive games (user-to-server): end-useris able to play a gameinteractively from a
remote serverwith various controls;
— interactive games (user-to-user): one end-userIs able to play a gameinteractively with
anotherdistant end-user with various controls;
— off-track betting: an individual can bet remotely on a live event from home.

G.2. ADSLapplications characteristics

For the ADSLserviceslisted in G.1, itis assumed that POTSwill always be available with a
contro! channel (C) and asymmetric channel (approximately 1.5, 3 or 6 Mbit/s). User will be able
to subscribe to 2B + D and 384 kbit/s services. Someof the characteristics for the abovelisted
services and applicationsarelisted below for information only:

— Entertainment:
— movies on demand:

— high-quality video (2 1.5 Mbit/s) plus audio (2 64 kbit/s) downstream,
— remote control with pause, forward, reverse capability (approx. 100 bits/s)
upstream;

- music on demand:

— high-quality audio (384 kbit/s compressedor 1.5 Mbit/s with 16 bits PCM)
downstream;
— remote control with pause, forward, reverse capability (approx. 100 bits/s)
upstream;

— interactive TV:

— high-quality video (2 1.5 Mbit/s) plus normal audio (2 64 kbit/s) downstream;
— mouseorjockey control (2 16 kbit/s) upstream;

- Educational/institutional:
: — distant classrooms:

— high-quality video (> 3 Mbit/s) plus audio (384 kbit/s) downstream,
— audio (384 kbit/s) upstream;

— on-line books and manuals:

— high-quality video (> 3 Mbit/s) plus data downstream,
— mouse control for pull-down menus (max.of 64 kbit/s) upstream;

— medical and health consultation:

— high-quality video (> 1.5 Mbit/s) plus voice plus data downstream;
— mouse-like controls to zoom-in and out on the graphical image being
transmitted (2 64 kbit/s) upstream;
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— Telecommuting:
— work-at-home:

— high-quality video (> 1.5 Mbit/s) plus voice plus data downstream;
— audio (384 kbit/s) plus data upstream;

— video-conferencing:
— medium-quality video (2 1.5 Mbit/s) plus graphics plus data plus voice
downstream;
— graphics plus data plus voice (384 kbit/s total) upstream;

~- Small businesses:

- screen-sharing:
— high-quality graphics (384 kbit/s) plus data plus voice downstream;
- voice plus graphics (384 kbit/s) plus data upstream;

- video-conferencing:
— medium-quality video (1.5 Mbit/s) plus graphics plus data plus voice
downstream;
— video (1.5 Mbit/s) plus graphics plus data plus voice upstream;

— credit-card picture/signature verifications:
— high-quality graphics pius data plus voice (884 kbit/s for all together)
downstream;
— voice plus graphics plus data (384 kbit/s total) upstream;

— Games:

- interactive games (user-to-server and user-to-user):
~ high-speed video (2 3 to 6 Mbit/s) plus audio downstream;
— speech-recognition, audio, jockey or mouse controls (s 64 kbit/s) upstream;

— off-track betting:
— high-quality video (& 3 to 6 Mbit/s) plus audio plus data downstream;
~ audio plus data plus control (<16 kbit/s) upstream.

Figure G.2 shows a mapping of downstream and upstream channel capacities with the services
that can be supported.

 
 
 

 

6 Mbit/s

3 1.5 Mbit/sc
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Figure G.2 — Applications based on upstream and downstream channel capacity
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Annex H

(informative) 3?

Aspects of ADSL systemsbasedon data rates at multiples of 2.048 Mbit/s

H.1 Scope

This annex providesclarification on options within the main body of the standard thatrelate to
systemsoperating in a 2.048 Mbit/s environment(hereafter referred to as 2.048 Mbit/s
applications). Note that only transport class 2M-3 is considered here.

H2 Bearer channelallocations

The transport class and configuration of those allocations that are appropriate for 2.048 Mbit/s
applications are shownin table H.1. The noise models andtest loops presentedin this annex are
for bearer channelallocations as shownin table H.1.

Table H.1 — Bearer channelallocations for 2.048 Mbit/s applications

  

  
 

  

 
Transport class 2M-3| Simplex downstream Duplex rate(s)

configuration (kbit/s)
kbit/s

2048 160 (Note)
16 (C)

inc. analog POTS

inc. analog POTS

NOTE— This rate is designed to accommodate ISDN-BRA(2B + D + overhead). Somecarriers use a
concatenated conceptof V ref. points (e.g. concatenation of V, + V;). Therefore, it might be desirable
to limit the latency to a value of 1.25 ms perdigital section and per ADSL system.

  

H3 Noise models

Two noise sources are described for the testing of ADSL systems. These are frequency-domain
sourcesthat modelthe steady-state operating environment caused by crosstalk from adjacent
wire pairs due to differing transmission systems. The two models differ because of the need to
cater to countries that may or may not have HDB3-basedprimary rate systemsoperating at
2048kbit/s In their access networks. ModelA is for the case where no such interferors exist,
while mode! B includes the crosstalk coupling effects of these types of systems.

H.3.1 Injection method

Test noise is applied as described in 15.3.1.1.

H.3.2 Crosstalk noise sources

The power spectral density of the crosstalk noise sources usedfor performancetesting is given in
figure H.1 for model A, and in figure H.2 for model B, ModelA includes discrete tones, which
representradio frequency interferencethat is commonly observed, especially on wire pairs routed
above ground. Furtherdetails of the specification of these noise models are shownin tables H.2
to H.4.

The resulting wideband noise poweroverthe frequency range 1 kHz to 1.5 MHz for modelA is
— 49.4 + 0.5 dBm and for model Bis — 43.0 + 0.5 dBm.

The noise probability density function shall be approximately Gaussian with a crest factor 2 5.

9 This is an informative annex. However, the minimum requirementsfor performing the tests described in
thls informative annex are indicated by the word “shall.”
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The accuracy of the power spectral density shall be within +1 dB over the frequency range 1 kHz
to 1.5 MHz, when measured with a resolution bandwidth of 1 kHz.

PSD (dBm/Hz) 10 discrete tones

-100

-110

-120

—40 dB/decade slope

-130

—140

—150

il 10 100 1000

Freq. (kHz)
Figure H.1 — Single-sided nolse power spectral density into 100 Q for model A

Table H.2 — Coordinates for nolse model A
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Table H.3 — Tone frequencies and powersfor noise mode! A

 
PSD (dBm/Hz)

 —20 dB/decade slope

 
 
 

-100
—40 dB/decade slope

a

 
-110

-120

—130

1 10 100 1000

Freq. (kHz)
Figure H.2 — Single sided noise powerspectral density Into 100 © for model B

Table H.4 -— Co-ordinates for noise model B

mV/NHz
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H4=Test loops

To test the performanceof the ADSL system incorporating the bearer channel capabilities
outlined in clause H.2, the test loops specified in figure H.3 shall be used. The power spectral
density of the ADSL downstream transmission shall be as described in 6.13 of the standard with
the exception that the powerboost option shall not be used for test purposes.

The variation of the primary line constants (R, L and C) with frequencyfor the different reference
cable types are given in tables H.9 - H.13. Note that the capacitance, C, is constant with
frequency, and the conductance, G, is assumed zero. The RLC values are quoted per km ata
temperature of 20°C and are measured values that have been smoothed.

Note also that there are adjustable sections (marked 'X’) in figure H.3. The nominal lengthsof
these sections, which are shownin tables H.5 — H.8, are calculated from the reference RLC
values for each cable type shownin tables H.9-H.13. For repeatability of measurement
results, however, the lengths of these sections shall be adjusted for each individual test loop to
give the overall insertion loss shownin tables H.5 — H.8. insertion loss is measured at 300 kHz
with 100 Q (balanced resistive) source and termination impedances.
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ATU-R (note 1) ATU-C (note 1)

  

 
 

 
  

loop #1 xX km

0.4 mm

loop #2 | Xx km |
0.5 mm

X km

loop #3 [SS
0.5mm 0.4mm

loop #4 | 0.5 km 1.5 km X km 0.2 km |
0.63 mm 0.5 mm 0.4mm 0.32 mm

0.5 km 0.5 km .75 km X km
loop #5

0.9 mm 0.63 mm 0.5 mm 0.4mm

loop #6 | 0.5 km 1.25 km X km |
0.63 mm 0.5 mm 0.4mm

4.0 km xX km 2kloop #7[anyg=
0.9 mm 0.4mm 0.32 mm

loop #8 Om 1.4km xX km

0.4mm 0.4mm

0.5 km BT 0.5 km BT
0.4mm 0.4 mm

NOTES

1 These test loops are shown with the ATU-Asontheleft; this is in contrastto fig. 38,
where the ATU-Rsare on the right.
2 All cable is Polyethylene insulated.
3. 1km=3.26 ktt.

4 BT = Bridgedtap(i.e., section of unterminated cable).

Figure H.3 — Test loop set for transport class 2M-3 configuration
1 or 2 operation with noise model A or B
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Table H.5 - Loop-set insertion loss and nominal lengths
for 2M-3 configuration 1 (noise model A)

Nominalvalue of Loopinsertion loss at
Loop # jadjustable length 300 kHz

'X'

on 
Table H.6 -— Loop-setInsertion loss and nominal fength

for 2M-3 configuration 2 (noise model A)

 
 

 
 

Loopinsertion loss at
300 kHz

Nominal value of

Loop # aciuetaae length
 

 
Table H.7 — Loop-set insertion loss and nominal lengths

for 2M-3 configuration 1 (noise model B)
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Table H.8 — Loop-set Insertion loss and nominallengths
for 2M-3 configuration 2 (noise model! B

Nominalvalue of LoopInsertion lossat
Loop #|adjustable length

x
km

300 kHz 

   

 
  

0.32 mm cable 0.4 mm cable 0.5 mm cable
C = 40 nF/km C = 50 nF/km C= 50 nF/km

kHz Q/km H/km Q/km H/Akm Qhkm H/km

|__607.639_|.

0

  409.000 607.639 280.000 587.132 280.000 587.132
607.639 280.007 280.007 587.075

|607.639_|.  |0, ;
|25 ; :
|10.|409.140|607.639 586.738
|20.|409.557|607.639|280.440|586.099|280.440|586.099
|30.{40.251|607.639|280.988|585.322|280.988_|

|50. ;
|100.
|150.  584.443

583.483

|422.302|607.631|290.433|577.878|290.433_|577.878
571.525

|200.|456.086_|_607.327_|316.393|564.889|316.393|564.889
|250.|__-477.229|606.639_|332.348|558.233|332.348
|300.__|_499.757_|_605.074_|349.167|551.714|349.167_|551.714
|350.|522.967|602.046|366.345|545.431|366.345|545.431
|400.|546.395|596.934_|383.562_|539.497_|383.562|539.437_|
|450.|569.748|589.337_|400.626|533.759|400.626|533.759_|
|500.|592.843|579.376_|417.427|528.409|417.427|528.409_|
|550.|615.576|567.822|433.904|523.385|493.904|523.385_|
|600.'|_637.885__|555.867|450.027|518.677|450.027_|518.677_|
|650.|659.743|544.657|465.785|514.272|466.785|514.272_|

510.153

506.304

502.707

|850.|742.601|515.919|525.274|499.343|525.274|499.343
|900.|762.224|512.264|539.320|496.197|539.320|496.197_|
|781.442|509.503_|553.064|493.252|553.064_|493.252_|
|1000.|_800.272_|507.415|566.521|490.494|566.521|490.494
|1050.|_818.731_|505.831|579.705|487.908_|579.705|487.908|
|1100.|__836.837_|504.623|592.628|485.481|592.628|485.481_|

NOTE - G = 0 atall frequencies.
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Table H.10 — RLC values for 0.63 and 0.9 mm PE cables

 

  
  

  

   0.63 mm cable 0.9 mm cable
C = 45 nE/km C = 40 nF/km

kHz O/—km Hékm O/km H/km

Fo.|_~—-'113.000~=S|=~699.258=|55.000||750.796
25|118,028=~]SS697.943|55.088=|745.504

PO,14.737~—S«|687.008=|59.941|716.775
PO.|=116.808|680.714|84.777|703.875
PFCO.SCdT:SCsi119.523~=—|S674.503|70.127|692.707

fC‘.~SCis122.768=|~—Ss68.690~—||SC75.586|682.914

p_150.~—S|~S164.938=|622.050|121.866|625.140
P00.||~—s185.689~—s|Ss605.496=|140.075|609.652
P50.|204996=|592.048=|156.273,|~~598.256
|300,
|350.
|400. ; :
|450.|270.533 557.129 209.104 572.237
|500.|284.753 551.323|220.365|568.287

P5580,
|600.

 
 

[298.330546.260|231.081|564.910_|
[311.339|541.809241.326|_—561.988_|

PO.|323.844[537.868|251.155|559.435
[700.—«||~—335.897|534.358|260.615|557.183

P850.|369.758525.813|287.138|551.784
[|900,|380.388|523.480|295.452|550.327
fp950.|390.734521.352|303.538|549.002

1000.|400.816|519.402|i146[547.703
|050.|410.654|517.609|319.009|546.683__—
Pp1i00.420.264]515.956|326.602|545.663__

NOTE - G = 0 atall frequencies.
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H.5 ADSL/POTS splitter impedances

The design Impedancefor the POTS port of thesplitter is application specific, and therefore
outside the scopeofthis informative annex. Of particular importance are return loss and resultant
sidetonelevels. It is expected that some 2.048 Mbit/s applications will require that the splitter
matches to a complex telephony impedance. Significant differences may exist between particular
applications; examples are:

- telephony impedances;
- telephony retum loss;
— out of (POTS) band signalling systems(e.g., subscriber private metering 11 kHz to
50 kHz);
— low frequencytelemetry.

H.6 Testing

Performancetesting is outlined in the main body of the standard (see clause 15). Note that
differences exist here with respect to the crosstalk noise sources (see H.3.2) andthe test loops
(see clause H.4), and the addition of a maximum stresslinearity test (see H.6.1). Further details
appropriate for testing are given In the main body of the standard.

H.6.1 Maximum stresslinearity test

This test stresses the ADSL system to ensure that adequatelinearity is achievedin
implementations. A modified Loop #1 from the loop-set givenin figure H.3 is used forthis test.
The modification is detailed In table H.14. An additive white Gaussian noise source with a power
spectral density of ~ 140 +1 dBm/Hz overthe frequency range 1 KHz to 1.5 MHzis applied at the
ATU-Rin place of the crosstalk source. A resolution bandwidth of 1 kHz is used for calibration of
the powerspectral density.

Table H.11 — Insertion loss (and nominallength) for Loop #1

Transport class 2M-3 Nominalvalue of Loopinsertion loss at
configuration adjustable length 'X' of 300 kHz 
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Annex!

(informative)

Itemsfor further study

The following is a partiallist of items in the text of the standard that are indicated as being for
further study

— the nature of the premisesdistribution (e.g., bus or star, type of media);

— the use of upstream simplex bearer(s) (downstream simplex bearers are already
specified);

~ switching on demand amongthe configurations allowed by a given transport class and
on-line reassignment of bearer channels;

— the entire framed 2.048 Mbit/s (optional) structure is treated as a bearer data stream,
the use of a lower payloadrateis for further study;

— support of the 576 kbit/s optional duplex rate in the default mode of transport classes
2,3, and 2M - 2;

— other uses of the eoc5 bit besides the presently defined ATU-R "dying gasp";

— the use of R-ACK3;

— the effects of the POTSsplitter on voice-band performance;

— other payload data rates;

— location of the POTS splitters separate from the ATUs;

— on-line change of data rates and reconfigurations;

— sensitivity of pilot tones to single-frequency interference;

- further definition of impulse noise performance requirements;

— the impact of ADSL signal transfer delay on ISDN transport.
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Annex J

(informative)
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