TECHNICAL REPORT

DSL Forum TR-031

ADSL ANSI T1.413-1998
Conformance Testing

M ar ch 2000

Notice:

The DSL Forum is anon-profit corporation organized to create guidelines for DSL network system
development and deployment. This Technical Report is a draft, and has not been approved by members of
the Forum. Even if approved, this document is not binding on the DSL Forum, any of its members, or any
developer or service provider involved in DSL. The document is subject to change, but only with approval
of members of the Forum.

©2000 Digital Subscriber Line Forum. All Rights Reserved.
DSL Forum technical reports may be copied, downloaded, stored on a server or otherwise re-distributed
in their entirety only.

Notwithstanding anything to the contrary, the DSL Forum makes no representation or warranty, expressed
or implied, concerning this publication, its contents or the completeness, accuracy, or applicability of any
information contained in this publication. No liability of any kind shall be assumed by the DSL Forum asa
result of reliance upon any information contained in this publication. the DSL Forum does not assume any
responsibility to update or correct any information in this publication.

Thereceipt or any use of this document or its contents does not in any way create by implication or
otherwise any express or implied license or right to or under any patent, copyright, trademark or trade
secret rights which are or may be associated with the ideas, techniques, concepts or expressions
contained herein.



1.
2.

Table of Contents

100 0 Tox 1o o 1T 5

TS FFOIMEL ...ttt ettt b e ae bbb e e b s e e bt s eeae b et e b e aEeb e e ebe s e e ne s b et b e e nbennenas 5

B0 O © = 4T T 5
ElECtrical Parametric TESES....ciiieieieieieieieieieieieieie ettt ettt ettt ettt bbbttt bt sesesesesesesasas 7

0 oo =SSOSR 7
32 TESEH B.00L ...ttt bbb b bbb bbb 8
33 TESEH BL002 ...ttt bbb bbb bbbt bbb 12
B4 TESEH B.003 ...ttt bbb bbb bbb bbb 17
35 TESEH B.004 ...ttt bbb bbb bbb 20
38 TESEH B.005 ...ttt bbb bbb bbbt b s 23
BT TESEH B.006 ....veeneceeirereicie ettt eb e b bbb bbb bbb bbb 26
38 TESEH B.007 ..ottt bbb bbbt 29
3L TESEH B.008 ...ttt b bbb bbb bbb 31
.10 TESEH B.009 ...ttt b bbb bbb 33
Initialization Testsbased 0N ANSI T1.413-1998.........ccoirinirniniririnire sttt 35

N == B (U] o1 TSSO 35
411 TESE SELUP L ..ttt 35
412 TESE SELUD 2 ..ttt et bbbtk b et e bbb bbb ne s 36
4.1.3 QLIS S (o JC TSSOSO 36
A1 A TESE SELUP 4 .ottt bbb bbb 37
415 TESE SEUP 5 oottt bbb 37
N N N U o 1 0] (= T4 (g T === £ 38
421 Activation and ACKNOWIEAGEMENT .........cvviiiiiirrrrrres e 38
4211 TESEH ADOL.....oiceieeeeee ettt bbb bbb 39
4212 TESEH ADD2.....oieceeeriretieieseeieie ettt bbb bbb bbb 40
4.2.1.3  TESEH AD03B......oceceeerireeeeir sttt bbbt 42
422 LIEEE 1A TS o= Y= S I = 11 11 o 43
4221 TESLH ADDA....ooeeeeerereeeet ettt bbbt 44
4.2.2.2  TESEH A.D05......cceeeereretietr sttt ettt bbb bbbt 46
4.2.2.3  TESLH AD0B......ccuceeererieteetrireeiete sttt sttt 48
A.2.24  TESEH A.D07 ..ottt bbb bbb bbb bbb 49
4225  TESLH AD0B......coceeererieieirireeiete sttt bbbt 50
4226 TESLH A.D09......cccceeiriritieirereeieie st bbb bbb bbb 51
423 ChannNEl ANAIYSIS......cceieieieieieieieie ettt bbbttt bbbt bbbt et bebetasesebesesesasasas 52
4231 TESEH ADL0.... ettt bbbt 53
4232 TESEH ADLL.....oeee ettt bbb 54
4233 TESEH ADL2.....oeeete ettt bbb bbb 55
4234  TESLH ADLS.....oeeee bbb bbb 56
4235 TESLH ADLA ...ttt bbb bbb 57
4236 TESLH ADLD.....oiieeeeee ettt bbb bbb 58
4237 TESEH ADLG.....oieceeerieeeet ettt bbb bbb bbb 60
4.2.3.8  TESEH ADLT .ottt bbb bbbt 61
4.2.3.9  TESLH ADLB......ooeceeeeeee bbb bbbt 62
424 e = T = 63
4241 TESEH ADLO.... et 64
4242  TESEH AD20..... ettt bbb bbb bbb 65
A24.3  TESLH AD2L...eete et 66
A2A44  TESLH AD22.....oeeeeeeeeee ettt bbb bbb 67
Q245  TESLHAD23.....oeeeeeeeee ettt bbbt bbbt 68
A24.6  TESLH AD2....oeeete ettt 69
Q24T TESLH ADZ5.....ooeeeeeete ettt 70



4248 TESLH A.026.....c.cooeeieiieieieieieiei e 71

289 TESEH A.027 ..ottt bbbt 72
o O B 1= 022 ST 73
o N 1= 2 021 TS 74
o N 1= - 2 301 TS 75
O T I = 2 301 ST 76
O N 1= 2 012 ST 77
42415 TESEH 4033ttt 78
A.24.16  TESEH A0ttt ettt 79
o N 1= 2 301 YT 80
4.3 ATU-C INItIAliZAHON TESLS...c.cueurereierieirereieeeire sttt bbb bbb 81
431 Activation and ACKNOWIEAGEMENT ........ccvviirriirrrree s 81
I N I = 0 ST 82
I A = < 0 TS 83
T I T = 0 ST 84
.31 4 TESEH A.030....cceiciietreeiree ettt 85
A.3.15  TESEH 4040ttt bbbt 86
432 LIEE 1A TS W= Y= S I = 11 11 o 88
Bt R = 0 ST 89
B.3.2.2  TESEH A.DA2.c.e ettt 90
B.3.2.3  TESEH A.DA3..ceeee ettt 91
D324 TESEH ADAA .ottt 92
D325 TESEH 4045ttt 93
B.3.2.6  TESEH A.D4B.....ceieeeeeeee ettt bbbttt 94
D327 TESEH A.DAT ettt bbbt 95
4.3.2.8  TESEH 4048ttt 96
4.3.2.9  TESEH 4049ttt 97
0 O B 1= 2 0L ST 98
N N N 1= 2 0L ST 99
B.3.212  TESEH ADB2....ceceeeeereeeirete ettt ettt etttk ettt 100
433 ChannNEl ANAIYSIS......ciieieieieieieieieieie ettt ettt bbbttt beteseteseresasasas 101
4331 TESEH A.053.....cceeeeeeeeeseeei ettt stttk 102
B.3.3.2  TESEH 4054ttt ettt bbbttt 103
4.3.3.3  TESEH A.055....o ettt ettt ettt bbb bbb 104
B.3.34  TESEH A.05B....c.eieeeeeeeereeeereie ettt ettt sttt ettt 105
B.3.3.5  TESEH A.057 ..ottt ettt bbbttt 107
4.3.3.6  TESEH A.058.....coieeereeeireieireie ettt ettt sttt ettt 108
4.3.3.7  TESEH A.050.....cooceeeeeeereieerete ettt ettt ettt bbbt 109
434 [T = T = 110
4340 TESEH 4060ttt ettt ettt sttt reb bbb bbbt 111
A.34.2  TESEH A.DBL....oeeeeeeeeeeeete ettt ettt ettt 112
B.3.4.3  TESEH 4062ttt ettt bbbttt 114
4344 TESEH A.DB3......eeeeeeeeereeeerete ettt ettt etttk 115
345 TESEH A.DBA....eeeeeeeeereee ettt ettt bbbttt 116
A.3.4.6  TESEH A.0BD......oieeeieeeireieerete ettt ettt ettt 117
A.3A7  TESEH A.0BB......eceeeeeeereeeereeeerete ettt st sttt et seb bbbttt 119
348 TESEH A.DB7 ..ottt ettt sttt sttt ettt 120
4349 TESEH A.0BB......oieeeeeeereieereie ettt ettt ettt 122
43410 TESEH A0B9.......cooieeereeeereeeireeeereieeseee et sttt et bbbttt 123
43411 TESEH ADT0.c ettt ettt sttt ettt 124
43412 TESEH ADT L.ttt ettt bbbttt 125
3413 TESEH ADT2.ceeeeeseee ettt ettt bbbttt 126
435 ATU-C SEate TraNSITIONS ....cvoeieceeirereeieisireseieie st ssb ettt bbb 127
A.35.1  TESEH 4201ttt bttt bbbt 128



4.3.5.2  TESLH 4202t 129

4.35.3  TESEH 4203ttt btttk 130
B354 TESEH A20 ...ttt ettt bbbt 131
355 TESEH 4205ttt ettt bbbkttt 132
35,6 TESEH 4206ttt ettt ettt sttt bbbttt 133
357 TESEH A.207 .ottt ettt ettt ettt 134
4.35.8  TESEH A.208....cceoieeereeeereieireie ettt ettt ettt bbbttt 136
4.35.9  TESEH A.200.....cocceeerieeireieireie ettt ettt bbbkttt 137
4.3.6 ATU-R SEAte TraNSITIONS ....c.ocrieeeirireeieieireseisie et seisb ettt 138
3.6 1 TESEH A.210. .ottt bbbttt 139
B.3.8.2  TESEH A2LL..o ettt bttt 140
B.3.8.3  TESEH 4212ttt ettt bbbttt 141
A.3.6.4  TESEH A.2L3.. ettt bbb bbbt 142
B.3.6.5  TESEH A2LA ..ottt bbbt 143
B.3.6.6  TESEH 4215ttt bbbt bbbt 144
B.3.6.7  TESEH A.2LB....ceeeeeeeeeseeeereee ettt ettt bbbt 145
B.3.8.8  TESEH 4207 .ottt ettt bbbt 146
4.3.8.9  TESEH 4218ttt bbb bbbt 147

. ATM Cell Specific Functionalities (ATM Cell-TC LaYer) ..o 148
LT N 1= - 23000 TSRS 149
B2 TESEHB.002 ...ttt ettt bbbt bbb bbbttt 151
LT T 1= - 23002 TSR 153
B4 TESEHB.004 ...ttt bbb bbbt 155
LI T 1= - 2001 TSRS 156
Lo G T I~ - 23000 TSR 157
LI N 1= - 200 TR 158
Lo T 1= - 2300 TSRS 160



ADSL ANSI T1.413-1998
Conformance Testing

1. Introduction

This document defines teststo verify an ADSL modem U interface conformsto ANSI T1.413-1998.
Thesetests are organized in a hierarchical model beginning with physical media dependent measurements
and concluding with ATM Transmission Convergence layer measurements. Section 3 lists electrical
conformance testsfor ANSI T1.413-1998, while Section 4 detailsinitialization testsfor ANSI
T1.413-1998, and Section 5 liststests of the ATM TC layer.

2. Test Format

2.1 Overview

These test proposals have been devel oped to help vendors eval uate the compatibility of their ADSL
products based on initialization procedures. Thesetests do not determineif a product conformsto an
ADSL standard. Rather, they provide one method to isolate initialization problems within an ADSL
device. Successful completion of all tests contained within this document does not guarantee complete
conformance to the standards or interoperability with other ADSL devices.

Organization of Tests

Thetest descriptions contained in this document have been structured to simplify the execution of testing,
ensuring consistent execution. Each test description contains a series of elements that are of an
informational or descriptive nature. Each test contains the following:

Test Number
Specifies the number of the current test and provides asimple global identification system.

Test Labe

The label associated with each test follows a hierarchical domain-naming algorithm, with subgroups
separated by periods. More specific identifiers are located to the left; higher order identifiers are located
totheright. For example, the “Insertion Loss’ test isidentified by the following label:

insertion_loss.voice band.dmt.adsl

Purpose
The purposeis a short statement that describes what the test hopesto achieve. The purpose iswritten at
the functional level. For example, the purpose statement for the “Insertion Loss” test is:

To measure and determine if the insertion loss, at 1004Hz, from the source to the termination
for each of the test loops shown in figure 1 (at the end of this test) is acceptable according to
ANS T1.413-1998.

References
The reference section lists cross-references to the ADSL standard and other relevant documentation that
might be useful in understanding and evaluating the test and its results.

Resour ce Requirements
The resource requirements section specifies the test equipment that will be needed to perform the test.



Discussion
The discussion section describes what should happen during atest, and providesinformation necessary to
understand the test.

Test Setup
The setup section describes what equipment was used and how it was connected. A block diagramis
included for clarification.

Procedure
The procedure section of the test description contains the step-by-step instructions for carrying out the
test.

Observable Results
The observabl e results section lists what the tester should see as aresult of the test.

Possible Problems
The possible problems section describes problems that may arise and how to remedy them. This section
isincluded only with tests where issues arise.



3. Electrical Parametric Tests

3.1 Scope

These tests are designed to ensure that no problems occur due to improper loading of the POTS splitter
and ATU-C/R.

Overview: Improper impedance matching can cause problems both with the digital datain the ADSL
band and with the analog datain the voice band. These problems can be avoided by following the
recommendations provided in ANSI T1.413-1998. Provided in this document are tests for the following
voice band characteristics:
- Insertion Loss

Attenuation Distortion

Delay Distortion

Return Loss

Longitudinal Balance

Transparent Testing Capacitance

ADSL band testsincluded in this document are ADSL band attenuation and input impedance. A DC
resistance test is also included in this document.



3.2 Test # 3.001
Test Label: resistance.dc.dmt.adsl

Purpose: To verify that the DC input impedance of the ADSL splitter at the U-R or U-C interface
conforms to the referenced standard.

References: ANS| T1.413-1998 Annex E.

Resour ce Requirements:
ATU-R/C unit (UUT) with splitter (internal or external)
Multimeter (and necessary jumpers/connectors)
Function generator (and necessary jumpers/connectors)

Discussion: Correct impedance levels under avariety of conditions are necessary for interoperation
between devices. Improper impedance matching and termination can cause reflections that create noise
and thus degrade the overall signal, to the extent that it may become impossible to interpret or distinguish
received data

The DC characteristics of an ADSL device, either ATU-C or ATU-R, and corresponding splitter,

must be consistent throughout all implementations in order for interoperability to be achieved. The DC
input impedance of an ATU-R or ATU-C at the U-R or U-C interface, respectively, must be greater than or
equal to5 MW. In addition:

- The DC resistance from tip to ring at the PSTN or POTS interface, with the U-C or U-R
interface shorted, respectively, shall be less than or equal to 25W. This is actualy just
measurement of the resistance of the wires themselves because the splitter will be in
parallel with ashort at the U-C or U-R interface.

The DC resistance from tip or ring to ground at the PSTN or POTS interface, with U-C or
U-R interface open, respectively, shall be greater than or equal to 5 MW.
These requirements must be maintained for all POTS loop currents in the range OmA to 100mA, and DC
differential loop voltagesin the range OV to minus 60V.

Test Setups:

Setup 1. DC Ring to Ground/Tip to Ground Resistance Measurement at the PSTN/POTS Interface.

xDSL | L2 WF
LAY
€ u-c/
.12 pF U-R
_ PSTN/ Line P%)It
T POTS p
m T SIG LPF )
multimeter Ring 0
Ring
DC Current/
Voltage Source




Setup 2. DC Input Resistance at the PSTN/POTS interface.

xDSL |, 120F
[AN
|L
" 12pF u-c/
eH U-R
PSTN/ Line Port
Ti
POTS SIG LPF P -
Tip ‘_>
Ring h
Ring
DC Current/
Voltage Source
multi meter
Setup 3. DC Tip to Ring Resistance Measurement at the PSTN/POTS Interface.
xDSL ., 12 WF
1<
4
AN U-C/
12 pF U-R
DC Current/
Voltage Source
PSTN/ Line Port
Ti
POTS SIG LPF i -
Tip ‘J
multi meter Ring -
Ring
Note: Signal generator shall produce between OmA - 100mA POTS loop currents in 10mA steps.

Note: The capacitors are for the external POTS Splitter w/o the HPF function only. Internal Splitter function
external splitters with a complete HPF function may incorporate this capacitance in the input to the HPF function.
The D.C. blocking capacitors are optional on splitters integrated within the equipment closely associated with the
ATU-C (i.e. DSLAM).

Note: The setups shown above can be applied to both an ATU-R and an ATU-C.

Procedure: If results cannot be printed, a table is included on the last page — all results should be
recorded.
Connect the function generator and multimeter as shown in thefirst test setup.
Open the U-C or U-R interface.
Connect the jJumpers appropriately and measure the DC resistance from ring to ground.
Reverse the jJumpers and measure the DC resistance from tip to ground.
Connect the function generator and multimeter as shown in the second test setup.
Short the U-C or U-R interface.
Measure the DC input resistance of the UUT.
Connect the function generator and multimeter as shown in the third test setup.
Short the U-C or U-R interface.
Measure the DC resistance from ring to tip.

Repeat the procedure above varying the loop current, where applicable, in 10mA steps from
OmA to 100mA.



Observable

Repeat the procedure above generating differential DC voltages in the range OV to minus
60V in 5V increments.

Results:

The DC resistance from tip to ground or from ring to ground, with U-C or U-R interface
open, should be greater than or equal to SMW for al loop currents in the range OmA to
100mA and all differential DC loop voltages in the range OV to minus 60V .

The DC input resistance of the UUT should be greater than or equal to SMW for all loop
currentsin the range OmA to 100mA and all differential DC loop voltages in the range OV to
minus 60V.

The DC resistance from tip to ring with U-C or U-R interface shorted should be less than or
equal to 25W for al loop currents in the range OmA to 100mA and all differential DC loop

voltages in the range OV to minus 60V. This measurement is actually the total resistance of
just the tip and ring wires.
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3.3 Test # 3.002
Test Label: insertion_loss.voice_band.dmt.adsl

Purpose: To measure and determine if the insertion loss, at 1004Hz, from the source to the
termination for each of the test loops shown in figure 1 (at the end of thistest) is acceptable according to
ANSI T1.413-1998.

Refer ences:
ANSI T1.413-1998 Annex E.
ANSI T1.601.
T1 TR No. 28 (CSA Loops).

Resour ce Requirements:
Thefollowing devices:

ATU-R/C unit (UUT) with splitter (internal or external)
CRO or Multimeter (and necessary jumpers/connectors)
Function generator (and necessary jumpers/connectors)
Two decade boxes (or 600 and 900W + 1% terminations)
Thefollowing circuit elements:
- Seven 0.12nF + 2.5% capacitors

Two 0.10nt £ 2.5% capacitors

Two 0.47mH + 5% inductor

Two 100W £ 1% resistor

All necessary wiring tools and connectors

Discussion: Theinsertion loss is the amount of loss added to a signal due to the addition of a splitter
and high pass impedance (ZHP) to the system. This measurement shall be taken at a frequency of 1004Hz
and on both the remote and central office splitters. This measurement must also be taken for each splitter
using each of the test loops shown in figure 1, which is shown at the end of thistest.

The ZHPs are actually xDSL band terminations implemented to facilitate testing of the splitter
independently of the modem. The circuit diagrams of the ZHPs, for both the remote and central office
splitters, are shown in Test setups 1 and 2. The ZHPs can only be added if the splitter is external to the
modem. Assume that internal splitters have been properly terminated.

To properly measure the insertion loss, a measurement must first be taken without the splitter
and ZHP connected. This measurement can then be compared to the same measurement taken with the
splitter and ZHP connected to find the insertion loss. When testing the voice band of a remote or CO
splitter, it is important to terminate the connections properly (improper termination causes reflections,
etc. as discussed in Test 3.001) The voice band of a remote splitter should be terminated with an
impedance of 600W and the voice band of a CO splitter should be terminated with an impedance of 900W.

The tolerances for insertion loss are shown in the table below.

Short Loop | ZTc=900W | ZTr =600W | Lessthan 1.0dB CO end

LongLoop | ZTc=900W | ZTr=600W | Lessthan0.75dB CO end

Short Loop | ZTc=900W | ZTr=600W | Lessthan 1.0dB remote end

LongLoop | ZTc=900W | ZTr=600W | Lessthan 0.75dB remote end

NOTE:
Short loops are defined as 0, 0.5kft, 2.0kft, 5kft pairs of 26 AWG cables.
Long loops are defined as ANSI T1.601 loops 7, 9, 13, and T1 TR No. 28 CSA Loops4, 6, 7, 8.

12



Test Setups:

Setup 1. Setup for Transmission Measurements on the CO Splitter in the Voice Band

PSTN

CO PQOTS Splitter u-C UR Test Signal
-
Test © Test
Equipment 2 LPF ? TestLoop Equipment
=

ZTc ZTr

Components

0.12uF +- 2.5% J‘ J‘

100 Ohms +/- 1%

0.47mH +/- 5%

ZHP

Setup 2. Setup for Transmission Measurements on the Remote Splitter in the Voice Band

Test Signal uc UR Remote POTS Splitter PSTN
_—
Test 2. Test
«Q
Equipment Test Loop * LPF 5 Equipment
ZTc ZTr
Components
0.12uF +/- 2.5% (**)
1 1
0.10UF +/- 2.5% (¥)
100 Ohms +/- 1%
/E :J 0.47mH +/- 5%
ZHP
Procedure: If results cannot be printed, atableis included on the last page — al results should be
recorded.

Using the devices listed in the resource requirements section, perform the following
measurements:

Using test loop 1, construct the circuit shown in setup 1 without the splitter and ZHP.
Transmit a 1004Hz signal of known magnitude from the remote end.
Measure the received signal at the CO end using a CRO or multimeter.

13



Insert the splitter and ZHP.

Transmit a1004Hz signal of known magnitude from the remote end.

Measure and compare the received signal to the transmitted signal using a CRO or a
multimeter.

Perform the above procedure on the remote splitter (i.e., transmit from the CO end).
Perform the above procedure on each of the loops shownin figure 1.

Convert al resultsto decibel scale if necessary.

Figure 1. Test Loops

13500'
T1.601 Loop#7 | ATU-C ATUR
o | ATUR |
1500 1500" 1500
T1.601Loop#9 | ATU-C 3000° ’ 6000 1500 ATUR

entire loop 26 AWG

1500 1500 26 AWG

T1.601 Loop #13 | ATU-C 9000 2000' ’ 500" L 500
26 AWG 24 AWG \/

200' 800 24 AWG

:

ATU-R

CSA Loop#4 ATU-C 550 6250' { 800" TUR
entire loop 26 AWG

CSA Loop# 6 ATU-C 9000 ATUR
26 AWG
800"
CSA Loop# 7 ATU-C 10700 ATUR

entire loop 24 AWG

12000'
CSA Loop#8 ATU-C ATU-R
i | ATUR |
mid-CSALoop | ATU-C 6000 ATU-R
5000 | ATUR |
<10
CSA Loop#0 ATU-C ATU-R
S | ATUR |

14



Observable Results:
The insertion loss for both the remote and CO end splitters, using each of the test loops
shown in figure 1, should lie within the range specified by the table in the discussion section.

15



Loop 1 (all measurementsin dB)

Loop 2 (all measurementsin dB)

Loop 3 (all measurementsin dB)

Splitter No splitter, Insertion | Pasg/Fail | no splitter, Insertion | Pass/Fail | no splitter, Insertion | Pass/Fail
splitter, loss= Loss splitter, loss= Loss splitter, loss = Loss
loss = loss = loss =
Remote
CO
Loop 4 (all measurementsin dB) Loop 5 (all measurementsin dB) Loop 6 (all measurementsin dB)
Splitter No splitter, Insertion | Pass/Fail | no splitter, Insertion | Pass/Fail | no Splitter, Insertion | Pasy/Fail
splitter, loss= Loss splitter, loss= Loss splitter, loss= Loss
loss = loss = loss =
Remote
CO
Loop 7 (all measurementsin dB) Loop 8 (all measurementsin dB) Loop 9 (all measurementsin dB)
Splitter No splitter, Insertion | Pass/Fail | no splitter, Insertion | Pass/Fail | no splitter, Insertion | Pass/Fail
splitter, loss= Loss splitter, loss= Loss splitter, loss = Loss
loss = loss = loss =
Remote
CO

16




3.4 Test # 3.003
Test Label: attenuation_distortion.voice_band.dmt.adsl

Purpose: To measure and determine if the attenuation distortion, or the variation of insertion loss
with frequency, from the source to the termination for each of the test loops shown in figure 1 is
acceptable according to ANSI T1.413-1998.

Refer ences:
ANSI T1.413-1998 Annex E.
ANSI T1.601.
T1 TR No. 28 (CSA Loops).

Resour ce Requirements:

ATU-R/C unit (UUT) with splitter (internal or external)

The following devices:

- CRO or Multimeter (and necessary jumpers/connectors)
Function generator (and necessary jumpers/connectors)
Two Decade boxes (or 600 and 900W + 1% terminations)
Thefollowing circuit elements:

- Seven 0.12nF + 2.5% capacitors
Two 0.10nt £ 2.5% capacitors
Two 0.47mH + 5% inductor
Two 100W £ 1% resistor
All necessary wiring tools and connectors

Discussion: ANSI T1E1.413-1998 specifies that the attenuation distortion, or variation in insertion
loss with frequency from the insertion loss measured at 1004Hz, for both splitters and all test loops shall
fall within the constraints of the following table. The frequency range 3.4kHz to 4.0kHz israrely used in
the telephony world; consequently, the boundaries for this range, as specified by ANS| T1.413-1998, are
slightly less strict.

0.2 - 3.4kHz 3.4 - 4.0kHz

Short Loop | CO Splitter ZTc=900W | ZTr=600W | +15 | -15 +20 | -20

LongLoop | CO Splitter ZTc=900W | ZTr=600W | +0.5 | -15 +10 | -15

Short Loop | R Splitter ZTc=900W | ZTr=600W | +15 | -15 +20 | -20

LongLoop | R Splitter ZTc=900W | ZTr=600W | +0.5 | -15 +10 | -15

NOTE:

Attenuation is a positive value; gain is anegative value.

Short loops are defined as 0, 0.5kft, 2.0kft, 5kft pairs of 26 AWG cables.

Long loops are defined as ANSI T1.601 loops 7, 9, 13, and T1 TR No. 28 CSA Loops4, 6, 7, 8.

17



Test Setups:
page.

Setup 1. Setup for Transmission Measurements on the CO Splitter in the Voice Band

Test
Equipment

Test setups, for both the CO and the Remote end splitters, are shown on the following

PSTN

CO PQOTS Splitter

u-C

ZTc

Setup 2. Setup for Transmission Measurements on the Remote Splitter in the Voice Band

Test Signal
—>

u-C

LPF

signal

U-R

Ay
/1

Test Loop

Test Signal
-

Components
0.12uF +/- 2.5%
100 Ohms +/- 1%
0.47mH +/- 5%

U-R

|_
|_

ZHP

Remote POTS Splitter

Test
Equipment

Test Loop

ZTc

LPF

PSTN

Test
Equipment

ZTr

reubis

18

Components
0.12uF +/- 2.5% (**)
0.10uF +/- 2.5% (*)
100 Ohms +/- 1%
0.47mH +/- 5%

Test
Equipment

ZTr




Procedure: If results cannot be printed, atable is included on the next page — al results should be
recorded.
Using the devices listed in the resource requirements section, perform the following
measurements:
- Using test loop 1, construct the circuit shown in setup 1 without the splitter and ZHP.
Transmit frequency-varying signal (from 200Hz to 3.4kHz) of known magnitude from
the remote end.
Measure the received signal at the CO end using a CRO or multimeter.
Insert the splitter and ZHP.
Transmit a frequency-varying signal (from 200Hz to 3.4kHz) of known magnitude from
the remote end.
Measure and compare the received signal over the specified frequency range to the
insertion loss measurement at 1004Hz.
Perform the above procedure using asignal varying in frequency from (3.4 to 4.0kHz).
Perform the above procedure on the remote splitter (i.e., transmit from the CO end).
Perform the above procedure on each of the loops shown in figure 1.
Convert all resultsto decibel scale if necessary.

Observable Results:
The results should coincide with the table shown in the discussion section.

0.2 - 3.4kHz 3.4 - 4.0kHz

Short Loop | CO Splitter | ZTc=900W | ZTr = 600W

LongLoop | CO Splitter | ZTc=900W | ZTr = 600W

Short Loop | R Splitter ZTc=900W | ZTr = 600W

LongLoop | R Splitter ZTc=900W | ZTr = 600W
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3.5 Test # 3.004
Test Label: delay_distortion.voice _band.dmt.add

Purpose: To determine if the requirements of ANSI T1.413-1998 for delay distortion are met for
both the CO and Remote POTS splitters.

References:
ANSI T1.413-1998 Annex E

Resour ce Requirements:
ATU-R/C unit (UUT) with splitter (internal or external)
Thefollowing devices:
CRO or Multimeter (and necessary jumpers/connectors)
Function generator (and necessary jumpers/connectors)
Two decade boxes (or 600W and 900W + 1% terminations)
Thefollowing circuit elements:
Four 0.12nF + 2.5% capacitors
Two 0.10nt £ 2.5% capacitors
Two 0.47mH + 5% inductor
Two 100W £ 1% resistor
All necessary wiring tools and connectors

Discussion: ANSI T1.413-1998 specifies that the increase in delay distortion caused by the POTS
splitter in each of the test loops should be less than the indicated values in the table below. The delay
distortion should be measured using the test setups provided in this document.

06—-3.2kHz | 0.2—4.0kHz
Short Loop CO Splitter ZTc=900 ZTr =600 200 nB 250n86
Long Loop CO Splitter ZTc=900 ZTr =600 200 nB 250 nb
Short Loop R Splitter ZTc=900 ZTr =600 200 nB 250 nb
Long Loop R Splitter ZTc=900 ZTr =600 200 nB 250n5
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Test Setups: These test setups include both the CO and the Remote end splitters and are shown
below.

Setup 1. Setup for Transmission Measurements on the CO Splitter in the Voice Band

PSTN CO PQOTS Splitter u-C UR Test Signal
-
Test © Test
Equipment 2 LPF ? TestLoop Equipment
~

ZTc ZTr

Components

0.12uF +/- 2.5% J— J‘

100 Ohms +/- 1%

0.47mH +/- 5%

ZHP

Setup 2. Setup for Transmission Measurements on the Remote Splitter in the Voice Band

Test S, U UR Remote POTS Splitter PSTN
—_—
Test N .
«Q
Equipment Test Loop ? P 3 Equipment
- 1 1 Components ZTr
* « 0.12uF +/- 2.5% (**)
0.10UF +/- 2.5% (*)
100 Ohms +/- 1%
" **; N 0.47mH +/- 5%
ZHP
Procedure:

If results cannot be printed, a table is provided on the next page — all results should be
recorded.
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Using the devices listed in the resource requirements section, perform the following
measurements:
Construct the circuit as shown in the CO splitter test setup diagram.
Transmit frequency-varying signa (from 0.6 to 3.2 kHz) of known magnitude from
through the POT S line port interface.
Measure the received signal using the multimeter and record the results.
Construct the circuit as shown in the Remote POTS splitter test setup diagram.
Transmit frequency-varying signal (from 0.6 to 3.2 kHz) of known magnitude from
through the POTS line port interface.
Repeat the above procedure for the remote end splitter.

Repeat the above, only this time transmit a frequency-varying signa from 0.2 to 4.0
kHz.

Observable Results:

For both CO and Remote splitters, the delay distortion should be no more than what is
indicated in the delay distortion table.

06—-3.2kHz | 0.2—4.0kHz
Short L oop CO Splitter ZTc=900 ZTr =600
Long Loop CO Splitter ZTc=900 ZTr =600
Short L oop R Splitter ZTc=900 ZTr =600
Long Loop R Splitter ZTc=900 ZTr =600
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3.6 Test # 3.005
Test Label: return_loss.voice_band.dmt.add

Purpose: To determineif the requirements of ANSI T1.413-1998 for return loss are met for both
the CO and Remote POTS splitters.

References:
ANSI T1.413-1998 Annex E
A device capable of measuring al required data.

Resour ce Requirements:
ATU-R/C unit (UUT) with splitter (internal or external)
Thefollowing devices:
CRO or Multimeter (and necessary jumpers/connectors)
Function generator (and necessary jumpers/connectors)
Decade box (or 600/900W + 1% terminations)
Thefollowing circuit elements:
Four 0.12n% + 2.5% capacitors
Two 0.10nt £ 2.5% capacitors
Two 0.47mH + 5% inductor
Three 100W + 1% resistors
800, 1330, and 348 Wresistors
50 and 100 nF capacitors
All necessary wiring tools and connectors

Discussion: ANSI T1.413-1998 specifies the return loss of each splitter under certain conditions.
These conditions are either with or without the ZHP attached for short and long loops. The table below
specifies the minimum return losses in decibels. Individual frequencies start at 2.2 kHz and sweep to 3.4
kHz.

Zref Zterm ERL | SRL-L SRL-H Comments
(dB) | (dB) (dB)
CO gplitter | ZNL-c 600 ohm 8 5 5
CO splitter | ZNL-c 600 ohm N/A N/A 2 single frequency
RT splitter ZNL-r 900 ohm+2.16nF | 6 5 3
RT splitter ZNL-r 900 ohm+2.16 n | N/A N/A 2 single frequency

Test Setups: These test setups include both the CO and the Remote end splitters and are shown in the
figures on the next page.
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Test Setup 1. CO POTS Splitter Return Loss

PSTN u-c

POTS Splitter at CO

| s | Real Cable Termination
Test Equipment i | LPF i > 600
: =
| P~ | Ohm
| 12 pF |
(used only at
| CO termination) |
ZNL-C
: ZHP-C :
Return loss reference | xDSL |
impeadance
Test Setup 2. Remote POTS Splitter Return Loss
U-r POTS
Remote POTS Splitter
Termination
Real Cable s
2= LPF | Test Equipment
900 ohms % G
+216 pF

ZHPr
ZNL-R

xDSL

Return loss reference
impedance

1. ZNL-c consists of an 800-ohm resistor in parallel with the series connection of 100-ohm
resistor and a 50 nF capacitor (non-loaded loop model as seen from CO). These values
come from the Telcordia Technologies L SSGR as a reference impedance for non-loaded
cable.
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2. ZNL-r consists of a1330-ohm resistor in paralleled with the series connection of a 348-
ohm resistor and a 100 nF capacitor (non-loaded loop model as seen from RT).

3. ZHP-cistheimpedance presented to the POTS connection by an ATU-C through the
capacitance of the POTS splitter DC blocking capacitors. ZHP-c isdefined in previous
tests.

4. ZHP-r istheimpedance presented to the POTS connection by and ATU-R. ZHP-r is defined
in previous tests

Procedure: If results cannot be printed, atable is provided on the next page — all results should be
recorded.
- Using the devices listed in the resource requirements section, perform the following

measurements:

Construct the circuit as shown in the CO splitter test setup diagram (setup 1).

M easure the impedance using the multimeter and record the results.

Construct the circuit as shown in the Remote POTS splitter test setup diagram (setup 2).

M easure the impedance using the multimeter and record the results.

Observable Results:
For both CO and Remote splitters, the return loss should be no less than what isindicated in
thereturn loss table.

Zref Zterm ERL | SRL-L SRL-H Comments
(dB) | (dB) (dB)
CO splitter | ZNL-c 600 ohm
CO gplitter | ZNL-c 600 ohm single frequency
RT splitter ZNL-r 900 ohm+2.16 nF
RT splitter | ZNL-r 900 ohm+2.16 nF single frequency
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3.7 Test # 3.006
Test Label: longitudina_balance.voice_band.dmt.add

Purpose: To determineif the requirements of ANSI T1.413-1998 for longitudinal balance are met
for both the CO and Remote POTS splitters.

References:
ANSI T1.413-1998 Annex E
|EEE Standard 455
A device capable of measuring all required data.

Resour ce Requirements:
ATU-R/C unit (UUT) with splitter (internal or external)
The following devices:
CRO or Multimeter (and necessary jumpers/connectors)
Function generator (and necessary jumpers/connectors)
Decade box (or 600/900W + 1% terminations)
Thefollowing circuit elements:
Two 100W + 1% resistors
COLineCard
LB Test Source and Load
All necessary wiring tools and connectors

Discussion: There are two different techniques that can be used to measure the longitudinal balance
of the POTS splitter. The first technique treats the POTS splitter as a separate unit which requires using
the 2 PORT testing technique. The second technique would require treating the POTS splitter, ATU-C,
and the CO line card combination as a one port network. This technique isthe 1 PORT testing technique.
It is an aternative method for measuring the longitudinal balance of the CO POTS splitter.

The longitudinal balance (without loops) of the POTS splitter shall be measured in accordance to
|EEE Standard 455. The measurement shall be taken in either direction between the POTS/PSTN and the
line port as atwo port device. If DC blocking capacitors are included as part of the splitter function on
the xDSL port, then the xDSL port shall be shorted. In any other case, however, the xXDSL port should be
open. Beforetesting, atest circuit balance (calibration) of 77 dB (58 + 19 dB) will be achieved to insure
1 dB accuracy. The applied longitudina voltage shall be no more than 3V peak-to-peak due to
maintenance signatures. The longitudinal balance shall be no more than 58 dB for frequencies between
0.2 -1 kHz with astraight-line level decreasing to 53 dB at 3 kHz. There shall be a DC bias current of 25
mA applied to the circuit aswell.

The 1 PORT testing technique shall be used to test the CO splitter when the splitter, ATU-C and
the CO line card combination are treated as a one port network. The longitudinal balance of the combined
POTS splitter shall be measured in accordance to IEEE standard 455. Again the applied longitudinal
balance shall be no more than 3.0 V peak-to-peak. The baance shall be nho more than 52 dB for
frequencies between 0.2 — 3 kHz. In order to generate a DC bias current of 25 mA, aDC POTS load shall
beused. Toinsure 1 dB accuracy, atest circuit balance of 71 dB (52 + 19 dB) shall be achieved before
actual testing begins.

Test Setups: These test setups include both the CO and the Remote end splitters for two port testing,
and the CO splitter, ATU-C and CO line card combination for one port testing.
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Test Setup 1. Longitudingal Balance CO Test Setup

xDSL Port

Shorted C

LB Test
Source

0.12uF

=

0.12uF

=

Line Port
PSTN ‘T’ LPF LB Test
Load

Test Setup 2 : Longitudinal Balance Remote Test Setup

XDSL Port

LB Test

Load LPF |

G POTS LB Test
Line Port Source

Test Setup 3: Longitudinal Balance CO Test Setup for 1 Port Networks

XDSL Port

ATU-C

Line Port
PSTN ? . LB Test
G Source
COLine
Card
Procedure: If results cannot be printed, atableis provided on the next page —all results should be

recorded.
Using the devices listed in the resource requirements section, perform the following
measurements:
Construct the circuit as shown in the CO splitter test setup diagram (setup 1).
All measurements shall be taken in accordance to | EEE Standard 455.
Construct the circuit as shown in the Remote POTS splitter test setup diagram (setup 2).
All measurements shall be taken in accordance to | EEE Standard 455.
Construct the circuit as shown in the CO splitter for one-port networks test setup
diagram (setup 3).
All measurements shall be taken in accordance to | EEE Standard 455.

Observable Results:
- For 2 PORT testing of the CO and Remote splitters, the balance should be greater than 58
dB for frequencies between 0.2 —1kHz with a strait line level decreasing to 53 dB at 3 kHz.
For 1 PORT testing of the CO splitter, ATU-C and CO line card combination, the balance
should be greater than 52 dB for frequencies between 0.2 — 3 kHz.
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Baanceat 0.2—-1kHz

Balance strait linelevel at 3 kHz

CO Splitter

Remote Splitter

Balance .02 -3 kHz

CO Splitter, CO Line Card and
ATU-C Combo (1 PORT Testing)
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3.8 Test # 3.007
Test Label: transparent_testing_cap.voice_band.dmt.add

Purpose: To determine if the requirements of ANSI T1.413-1998 for transparent testing
capacitance are met for both the CO and Remote POTS splitters.

References:
ANSI T1.413-1998 Annex E
Reference manuals related to or for the testing equipment in use.

Resour ce Requirements:
ATU-R/C unit (UUT) with splitter (internal or external)
Thefollowing devices:
CRO or Multimeter (and necessary jumpers/connectors)
Function generator (and necessary jumpers/connectors)
Decade box (or 600/900W + 1% terminations)
Thefollowing circuit elements:
Two 100W £ 1% resistors
All necessary wiring tools and connectors

Discussion: An input impedance is defined for a special, narrow frequency band. Thisisto alow the
current metallic test systems to continue to test with current test capabilities. A limit on the maximum
capacitance seen by the metallic line testing system is set. This is so that the metallic test systems can
till test POTS services with the same accuracy and dependability as they do at the present time.

In the frequency range 20 — 30 Hz, the capacitance present at either the POTS or PSTN interface
shall be at amaximum of 250 nF. Included in this amount is the capacitance of the two POTS splitters
with attached modems. These are specified astip to ring capacitance. The overall admittance of the
POTS or PSTN port shall be capacitive.

The following maximums and minimums shall be met for tip to ring capacitance:

POTS splitter, either CO or Remote, without the modem connected:
90 nF Max
20 nF Min

Modem input allowance, including the DC blocking capacitors at the CO end:
35 nF Max
20 nF Min

Modem with integral POTS splitter function or external POTS splitter with both HPF and L PF functions,
are the sum of the above:

125 nF Max

40 nF Min

When measuring the capacitance to ground, there should be no designed AC path to ground. For the sake

of accurate testing, the maximum stray capacitance to ground from either leg of the POTS Splitter shall
be lessthan 1.0 nF.
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Test Setups: Thistest setup isageneral test diagram for either POTS splitter.

Test Setup : Capacitance Test

XDSL Port
S POTS
LPF I ;
G <+ Capacitance
Line Port
Procedure: If results cannot be printed, atable is provided on the next page — all results should be
recorded.

Using the devices listed in the resource requirements section, perform the following
measurements:

Construct the circuit as described in the test setup diagram.

M easure the capacitance looking into the POTS interface of the POTS splitter.

Observable Results:
From the frequency range 20 — 30 Hz, the capacitance looking into the POTS interface

should be 250 nF.
The following maximums and minimums should be met:

POTS gplitter, either CO or Remote, without the modem connected:
90 nF Max
20 nF Min

Modem input alowance, including the DC blocking capacitors at the CO end:
35 nF Max
20 nF Min

Modem with integral POTS splitter function or external POTS splitter with both HPF and L PF
functions, are the sum of the above:

125 nF Max
40 nF Min
For the maximum stray capacitance to ground from either leg of the POTS splitter should be
lessthan 1.0 nF.
M easured Capacitance Min./Max. Capacitance (nF)
CO Splitter w/o modem 20/90
Input allowance w/ DC blocking 20/35
capacitors at CO end
Modem with integral POTS splitter 40/125
function, or POTS splitter with both
HPF and L PF functions
Stay Capacitance to ground Max cap. should be< 1
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3.9 Test #3.008
Test Label: add_band_attenuation.ads_band.dmt.adsl

Purpose: To measure the ADSL band attenuation of both the central office and remote splitters,
and to determine if the results are acceptable according to ANSI T1.413-1998.

References:
ANSI T1.413-1998 Annex E.

Resour ce Requirements:
ATU-R/C unit (UUT) with splitter (internal or external)
Thefollowing devices:
CRO or Multimeter (and necessary jumpers/connectors)
Function generator (and necessary jumpers/connectors)
One or two Decade box(es) (or 600/900W + 1% terminations)
Thefollowing circuit elements:
Four 0.12nF + 2.5% capacitors
Two 0.10nt * 2.5% capacitors (for ZHP remote end only)
Two 0.47mH + 5% inductors
Two 100W £ 1% resistors
All necessary wiring tools and connectors

Discussion: The insertion loss of the low-pass filter and ZHP is the difference in attenuation
measured with and without the filter. Thisinsertion loss will be greater than 65 dB from 30k to 300 kHz
and 55 dB from 300 to 1104 kHz with an input level of 10 dBm.

Test Setups: These test setups include both the CO and the Remote end splitters and are show in the
following diagrams.

CO POTS Splitter Test Setup

ZHPc Contains:

(1) 100 Ohm Resistor

(1) 0.47 mH Inductor

(2) 0.12 pF Capacitors xDSL Port

5,

External CO POTS splitter without HPF

0.12 pyF

-~

0.12 pyF

Line Port
PSTN S <
| LPF
900 Ohm G <

Source 100 Ohm
Hi Z 30k - 1104k
= Balanced

~
=~
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Remote POTS Splitter Test Setup
ZHPr Contains:
(1) 200 Ohm Resistor
(1) 0.47 mH Inductor
(2) 0.10 pF Capacitors
(2) 0.12 pF Capacitors
Each side has a.10 pF cap in
series with a 0.12 pF cap.

Remote POTS Splitter XDSL

Iz 1L
Port [N N % %
[ i

\
Line Port S
> LPF |
G POTS
A -
L

o~

Source 100 Ohm 600 Ohm HizZ
30k - 1104k L
Balanced
Procedure: If results cannot be printed, a table is provided on the next page — al results should be
recorded.

Using the devices listed in the resource requirements section, perform the following
measurements:
Construct the circuit as shown in the CO POTS splitter test setup diagram.
Transmit frequency-varying signal (from 30kHz to 300kHz) of known magnitude from
through the line port interface.
Measure the received signal using the multimeter and record the results.
Transmit frequency-varying signal (from 300kHz to 1104kHz) of known magnitude
from through the line port interface.
Measure the received signal using the multimeter and record the results.
Convert measurements into decibels.
Construct the circuit as shown in the Remote POTS splitter test setup diagram.
Repeat the above procedure.

Observable Results:
For both CO and Remote splitters, the insertion loss of the low-pass filter should be greater
than 65 dB from 30kHz to 300kHz.
For both CO and Remote splitters, the insertion loss of the low-pass filter should be 55 dB
from 300kHz to 1104kHz.

39.1.11 CO Splitter insertion loss

Frequency Range Vin Vm Decibels

30kHz — 300 kHz

300 kHz — 1104 kHz

REMOTE SPLITTER INSERTION LOSS

Frequency Range Vin Vm Decibels

30kHz — 300 kHz

300 kHz — 1104 kHz
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3.10 Test # 3.009
Test Label: input_impedance.ads_band.dmt.adsl

Purpose: To measure the input impedance (.e., the loading of ADSL signal path) of both the
central office end and remote end splitters, and to determine if the results are acceptable according to
ANSI T1.413-1998.

References:
ANSI T1.413-1998 Annex E.

Resour ce Requirements:
ATU-R/C unit (UUT) with splitter (internal or external)
Thefollowing devices:
CRO or Multimeter (and necessary jumpers/connectors)
Function generator (and necessary jumpers/connectors)
Decade box (or 600/900W + 1% terminations)
Thefollowing circuit elements:
Two 100W £ 1% resistors
All necessary wiring tools and connectors

Discussion: The insertion loss caused by the low-pass filter in the band from 30 to 1140 kHz
between nominal impedances with an input level of =10 dB and shall be no more than 0.25 dB.

Test Setups: These test setups include both the CO and the Remote end splitters and are show in the
following diagrams.

CO POTS Splitter Test Setup

External CO POTS splitter without HPF
xDSL Port 0.12 pF 100 Ohm Load

0.12 yF

Line Port
PSTN S <
| LPF
900 Ohms G <

Source 100 Ohms
30k - 1104k
Balanced

=

=

Remote POTS Splitter Test Setup
Remote POTS Splitter
100 Ohm Load xDSL Port

> LPF |
G POTS 600 Ohm
-

Source 100 Ohm Line Port
30k - 1104k
Balanced
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Procedure: If results cannot be printed, atableis provided on the next page —all results should be
recorded.
Using the devices listed in the resource requirements section, perform the following
measurements:
- Construct the circuit as shown in the CO POTS splitter test setup diagram.
Transmit frequency-varying signal (from 30kHz to 1104kHz) of known magnitude
through the line port interface.
Measure the received signal using the multimeter and record the results.
Convert measurements into decibels.
Construct the circuit as shown in the Remote POTS splitter test setup diagram.
Repeat the above procedure.

Observable Results:

For both CO and Remote splitters, the input impedance of the low-pass filter should be no
more than 0.25 dB from 30kHz to 1104kHz, where the input level is—10 dB.

CO SPLITTERINPUT IMPEDANCE

Frequency Range Vin Vm Decibels

30kHz —1104 kHz

REMOTE SPLITTER INPUT IMPEDANCE

Frequency Range Vin Vm Decibels

30kHz -1104 kHz
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4. Initialization Tests based on ANSI T1.413-1998

4.1 Test Setups

Thefollowing test setups are utilized in this test document:

4.1.1 Test Setup 1

Device(s) used to analyze
the output of the UUT and
the signals on the line

EiC

Network Analyzer

Sooo) 4
ATU-R (UUT)

Phone Line/  Device generating ATU-C
Twisted Pair  signals and host controller
Copper channel commands
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4.1.2 Test Setup 2

Device(s) used to analyze
the output of the UUT and
the signals on the line

[ =—
OO0

ATU-R (UUT)

Phone Line/  Device generating ATU-C
Twisted Pair  signals and host controller

Copper channel commands
4.1.3 Test Setup 3
Device(s) capable of
monitoring the output
of the ATU-C/R
==]
B
CRO

0000

m

ATU-CRR
Phone Line/ Device generating
Twisted Pair  ATy-C/R signals and
Copper host controller channel

commands
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4.1.4 Test Setup 4

Device(s) capable of
monitoring the output
and ATM cell
characteristics of the
ATU-C/R

ATM Sniffer

foooo .
ATU-CIR
Phone Line/ Device generating
Twisted Pair  ATy-C/R signals and
Copper host controller channel
commands
4.1.5 Test Setup 5
Device(s) capable of  peyice with Time
monitoring the output Measurement
) and ATM celfl A capabilities
characteristics of the
ATU-C/R @EQl
= ==
Em) ==
ATM Sniffer CRO

ATU-CIR
Phone LIne/ pevice generating
Twisted Pair  ATU-C/R signals and
Copper host controller channel

commands
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4.2 ATU-R Initialization Tests

4.2.1 Activation and Acknowledgement

Scope:  The following tests cover the transition between states in the Activation and Acknowledgement
section of the ADSL DMT ATU-R initialization sequence.

Overview: Thesetests are designed to verify the various state transitions and actions required during the
Activation and Acknowledgement section of the ADSL DMT ATU-R initialization sequence. Following
successful completion of the Activation and Acknowledgement section, Transceiver Training begins. The
Activation and Acknowledgement state transitions, for both the ATU-R and the ATU-C, are shown below.

ATU-C
C-IDLE/
C-QUIETL/ 1C'2A2T4 C-QUIET2
C-TONE e

ATU-R
R-ACT-REQ/ R-ACK
R-QUIET1 1,2

Time =

NOTE: A stateis defined throughout this document as a period of timein which acertain signal is
transmitted. Only one signa istransmitted during any given state. The duration of any particular state and
corresponding signal are always equal.
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4.2.1.1 Test#4.001

Test Label: r_act reg.activiation.atu_r.dmt.ads
Purpose: To verify that the ATU-R transmits the R-ACT-REQ signal.
References: ANSI T1.413-1998 section 9.3.1.

Resour ce Requirements:
ATU-R unit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: The ATU-R should transmit the R-ACT-REQ signal indefinitely while in the
R-ACT-REQ state. The transmit cycle consists of 128 symbol periods of the R-ACT-REQ signa
followed by 896 symbols of silence. The ATU-R shall continue this cycle until either the C-ACT signal
or the C-TONE signal is detected from the ATU-C.

The R-ACT-REQ signd is defined as a single frequency sinusoid at 34.5kHz. The amplitude of
the R-ACT-REQ signal is such that the transmit power level is —1.65dB for the first 64 symbols, 20dB
lower for the second 64 symbols, and O for the remaining 896 symbols (R-ACT-REQ resembles a burst).

The R-QUIET1 state follows R-ACT-REQ if the ATU-R detects C-TONE signal from the ATU-C.
Alternatively, the R-ACK state follows R-ACT-REQ if the ATU-R detects C-ACT signal.

Test Setup: Test setup 1.

Procedure:
ATU-R should enter R-ACT-REQ state immediately following power-up and an optional
selftest.
Observe the R-ACT-REQ signal from the ATU-R.

Observable Results:
The R-ACT-REQ signa should cycle between 128 symbol periods of signal and 896 symbol
periods of silence. The signa should be at a frequency of 34.5kHz, with an amplitude as
specified above.
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4.2.1.2 Test # 4.002

Test Label: r_ack.activation.atu_r.dmt.add

Purpose: To verify that the ATU-R enters the R-ACK state from the R-ACT-REQ state, upon
successful detection of the C-ACT signal transmitted by the ATU-C.

References: ANSI T1.413-1998 section 9.3.3.

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: The ATU-R should enter the R-ACK state (ATU-R acknowledge state) from the
R-ACT-REQ state upon successful detection of a C-ACTIVATE signal from the ATU-C. Three
acknowledge signas are specified: R-ACK1, R-ACK2, and R-ACK3. The table below defines R-ACK1
and R-ACK2, while R-ACK 3 isleft for further study.

42121 WithC-ACT1or C-ACT3 42122 WithC-ACT20r C-ACT4
(L oop timing at the ATU-C) (Loop timing at the ATU-R)
R-ACK1 R-ACK2 R-ACK1 R-ACK2
C-QUIET3 Quiet Pilot Pilot* Pilot
Quiet*
C-QUIET4 Quiet Pilot Pilot Pilot
C-QUIET5 Quiet Pilot Quiet Pilot

R-ACK1, R-ACK2, and R-ACK3 are single frequency sinusoids at 43.125kHz, 51.75kHz, and 60.375kHz,
respectively. The amplitude of any of the R-ACK signal shall be such that the transmitted power is—
1.65dBm for the first 64 symbols and 20dB lower for the second 64 symbols. The total duration of any
R-ACK signal is 128 symbol periods. The R-QUIET2 state immediately follows R-ACK.

*1f R-ACK1 istransmitted and loop timing isto be performed at the ATU-R, state C-QUIET3 is split into
two sub-states (C-QUIET3A, C-PILOT1A).

NOTE: C-ACTIVATE isgeneric term for any one of the four defined C-ACT signals (C-ACT1, 2, 3, or 4).
NOTE: Following the R-ACK state, activation and acknowledgement is complete and transceiver training
begins.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R (the ATU-R should enter the R-ACT-REQ state).
Send a C-ACTIVATE signa to the ATU-R (see ATU-C initidization for more details on the
C-ACTIVATE signd).
Observe the output of the ATU-R after sending the C-ACTIVATE signdl.
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Observable Results:
The ATU-R should enter the R-ACK state.
The R-ACK signa should be asinusoid with frequency and amplitude as specified above.
The duration of the R-ACK signal should be 128 symbol periods.
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4.2.1.3 Test # 4.003

Test Label: r_quietl.activation.atu_r.dmt.add

Purpose: To verify that the ATU-R enters the R-QUIET1 state from the R-ACT-REQ state upon
successful detection of the C-TONE signal from the ATU-C.

References: ANSI T1.413-1998 section 9.3.2.

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: The ATU-R should enter the R-QUIET1 state upon successful detection of the C-TONE
signal. The duration of the R-QUIET1 state shall be no greater than 240,000 symbol periods
(approximately 60 seconds) or until the C-ACT signa is received from the ATU-C. If a C-ACTIVATE
signal is not detected, the ATU-R shall remain in the R-QUIET1 state for the duration of the 60-second
timeout and return to the R-ACT-REQ dtate. If a C-ACTIVATE signd is detected the ATU-R shall
immediately enter the R-ACK state.

NOTE: QUIET and IDLE states/signals are defined throughout this document as having O volts output
from atransceiver digital to analog converter (DAC).

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R.
Send C-TONE to the ATU-R unit to force the R-QUIET1 state.
Allow the R-QUIET1 state to timeout.
Return to the R-QUIET 1 state with a C-TONE signal.
Send aC-ACTIVATE sgnd to the ATU-R.

Observable Results:

ATU-R should re-enter R-ACT-REQ state after the 60 second timeout.
ATU-R should enter R-ACK immediately following detection of the C-ACTIVATE signal.
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4.2.2 Transceiver Training

Scope: The following tests cover the transition between states in the Transceiver Training section of the
ADSL DMT ATU-R initiaization sequence.

Overview: Thesetests are designed to verify the various state transitions and actions required during the
Transceiver Training section of the ADSL DMT ATU-R initidization sequence. Beginning with the
transmission of the R-REVERBL1 signa, the ATU-C and ATU-R dtates are synchronized. Following
successful completion of the Transceiver Training section, Channel Analysis begins. The Transceiver
Training state transitions are shown below.

ATU-C
C-QUIET3
C-QUIET4 C-QUIETS
C-PILOT1
C-REVEILLE C-REVERB1 C-ECT C-REVERB2 C-REVERB3
C-PILOT1A
and C- C-PILOT2 C-PILOT3
QUIET3A
ATU-R iL
R-QUIET3
R-QUIET2 R-REVERB1 R-ECT R-REVERB2
R-PILOT1
Time ===
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4.2.2.1 Test # 4.004

Test Label: r_quiet2.transceiver_training.atu_r.dmt.adsl

Purpose: To verify that the ATU-R properly transitions from the R-ACK state to the R-QUIET2
state to the R-REVERBL1 state.

References: ANSI T1.413-1998 section 9.5.1.

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: Immediately following transmission of the R-ACK signa the ATU-R should enter the
R-QUIET2 state. The ATU-R should enter the R-REVERBI1 state from R-QUIET?2 if it has received all of
C-REVEILLE signal, and any part of C-QUIET3, C-PILOT1, or C-PILOT1A\C-QUIET3A signa needed
for dependable detection. One of these three signals shall be transmitted by every ATU-C. Thesignd is
dependent upon the ATU-C itself and the loop timing characteristics.

The ATU-R should reset to the R-ACT-REQ state if any of the above requirements are not met
within a maximum of 4000 symbol periods.

Issue 1 ATU-C implementations permit a maximum R-QUIETZ2 signal duration of 256 symbol
periods. To ensure there are no backward compatibility problems, Issue 2 modems that extend the
duration of the R-QUIET2 signal beyond 256 symbol periods shall be capable of detecting atimeout from
an Issue 1 ATU-C, and should consequently reset to the R-ACT-REQ state and ensure that the next R-
QUIET2 signd is less than 256 symbol periods. The R-QUIET2 delay alows the ATU-R to synchronize
itstime base.

ATU-R’s that extend the duration of the R-QUIET?2 signal to greater than 1024 symbol periods
indicate that they will perform pilot acquisition before transmitting the R-REVERB1 signal. ATU-R’s
that restrict the duration of the R-QUIET2 signal to less than 256 symbol periods indicate that they will
not perform pilot acquisition before transmitting the R-REVERB1 signal.

Test Setup: Test setup 1.

Procedure:
- Resetthe ATU-R, continuing initialization.

While the ATU-R is in the R-QUIET2 date, send the C-REVEILLE signa, followed by

either the C-QUIET3, C-PILOT2, or C-PILOT2A\C-QUIET3A signal.

Reset the ATU-T, returning to the R-QUIET2 state.

Allow the ATU-R to timeout (whilein the R-QUIET2 state).

Observable Results:
- The ATU-R should enter the R-QUIET?2 state immediately following R-ACK.

The ATU-R should enter the R-REVERB1 state when the C-REVEILLE signal and any part of
the corresponding C-QUIET3, C-PILOT2, or C-PILOT1A\C-QUIET3A signd that is
necessary for detection has been received.
The ATU-R should return to the R-ACK-REQ state upon the 4000 symbol period timeout of
the R-QUIET?2 state.
Duration past 256 symbol periods may cause problemsin Issue 1 modems.
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Possible Problems:
Problems may arise with Issue 1 components. Issue 1 components provide for a maximum
R-QUIET?2 signal duration of 256 symbol periods, whereas Issue 2 components allow an
extension of the R-QUIET2 signal up to 4000 symbol periods.
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4.2.2.2 Test # 4.005

Test Label: r_reverbl.transceiver_training.atu_r.dmt.ads
Purpose: To verify proper operation of the ATU-R during the R-REVERBI1 state.
References: ANSI T1.413-1998 section 9.5.2.

Resour ce Requirements:
ATU-R unit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: The R-REVERBL1 signa isa 64 bit pseudo random sequence used to alow the ATU-R to
measure the upstream wideband power in order to adjust the ATU-C's transmit power level, properly
adjust the receiver gain, synchronize its receiver, and train its equalizer. The pseudo random sequence is
generated using the following relations:
dn=1,forn=1t06
dn=dn-5A dn-6, forn=7to 64
Thefirst two bits of dn represent the DC and Nyquist subcarriers and therefore have O power
associated with them. Each of the following pairs of bits are used to define the Xi and Yi, fori = 1 to 32,
with theindex of i (wherei starts) being vendor discretionary, of a4-QAM constellation point, as shown
in thetable below. See ANSI T1.413-1998 section 9.5.2, for details.

dn,dn+1 | Decimal label | Xi,Yi
0,0 0 +, +
0,1 1 +, -
1,0 2 -+
1,1 3
Y
A
2—+0
» X
3+—1

The R-REVERBL signa has atransmit power spectral density (PSD) of -
38dBm/Hz. The R-REVERB1 signal is transmitted for 4096 symbol periods. The first 512 symbols
coincide with the C-QUIET3 or C-PILOTL1 signal in time, the second 512 symbols coincide with
C-REVERB1, and the remaining 3072 symbols coincide with C-QUIET4 or C-PILOT2. If the C-ACT1 or
C-ACT2 signal was previoudly detected, the ATU-R should enter the R-QUIET3 state immediately
following R-REVERBL. If the C-ACT3 or C-ACT4 signal was previoudly detected, the ATU-R can enter
either the R-QUIET3 or R-PILOT1 state immediately following R-REVERB1 (subject to vendor
discretion).

Test Setup: Test setup 1.

Procedure:
Send C-ACT1tothe ATU-R to forcethe R-ACK state.
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Observable Results:
- Immediately following the R-QUIET?2 state, the ATU-R should enter the R-REVERBL1 state.

The duration of the R-REVERB state should be 4096 symbol periods.
The nomina transmit power of the used band during the R-REVERB1 state should be

38dBm/Hz.
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4.2.2.3 Test # 4.006

Test Label: r_quiet3 from c actl 2.transceiver_training.atu_r.dmt.adsl

Purpose: To verify proper transition from the R-REVERB1 state to the R-QUIET3 state upon
reception of either the C-ACT1 or C-ACT2 signal.

References: ANSI T1.413-1998 sections 9.5.2 and 9.5.3.

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: Following the R-REVERBL state, the ATU-R should immediately enter the R-QUIET3
stateif C-ACT1 or C-ACT2 was previoudly detected.

The R-QUIET3 signal is transmitted for 2048 symbols. The first 512 symbols coincide with the
C-ECT signal intime, and the remaining 1536 symbols coincide with the C-REVERB2 signa intime. The
final symbol may be shortened by any number of samples that is an integer multiple of four in order to
accommodate transmitter to receiver frame aignment. The R-ECT stateimmediately follows R-QUIETS3.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Continue ATU-R initidization, sending the C-ACT1 signal.
Reset the ATU-R to the R-ACT-REQ state.
Continue ATU-R initidization, sending the C-ACT2 signal.

Observable Results:
If the C-ACT1 or C-ACT2 signas are properly detected, the ATU-R should enter the
R-QUIET3 state for a duration of 2048 symbol periods immediately following R-
REVERB1.
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4.2.2.4 Test # 4.007

Test Label: r_pilotl.transceiver_training.atu_r.dmt.adsl

Purpose: To verify proper transition from the R-REVERB1 state to the R-PILOT1 state upon
reception of either the C-ACT3 or C-ACT4 signal.

References: ANSI T1.413-1998 section 9.5.2 and 9.5.4.

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: Following the R-REVERBL state, the ATU-R should immediately enter the R-PILOT1
stateif either C-ACT3 or C-ACT4 was detected previoudly.

R-PILOT1 is asingle frequency sinusoid at 69kHz, with a duration of 2048 symbols. The first
512 symbols coincide with the C-ECT signal in time, and the remaining 1536 symbols coincide with the
C-REVERB2 dignal in time. The final symbol may be shortened by any number of samples that is an
integer multiple of four in order to accommodate transmitter to receiver frame alignment. The R-ECT
state immediately follows R-PILOT1.

NOTE: The ATU-R may only enter the R-PILOT1 state if C-ACT3 or C-ACT4 was previousy detected.
The ATU-R does, however, have the option of entering the R-QUIET 3 state instead of the R-PILOT1 state
at the vendor’ s discretion.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Continue ATU-R initidization, sending the C-ACT3 signal.
Reset the ATU-R to the R-ACT-REQ state.
Continue ATU-R initidization, sending the C-ACT4 signal.

Observable Results:
If the C-ACT3 or C-ACT4 signds are properly detected, the ATU-R should enter the
R-PILOTL1 state for a duration of 2048 symbols immediately following R-REVERB], if
defined by the vendor to do so.
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4.2.25 Test # 4.008

Test Label: r_ect.transceiver_training.atu_r.dmt.adsl

Purpose: To verify that the R-ECT signal does not utilize subcarriers 1-4 (recommended), and if
it doesthat the R-ECT signal istransmitted at alower power level than that which would normally be used.

References: ANSI T1.413-1998 section 9.5.5.

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: R-ECT is a vendor-defined signal used to train the echo canceller at the ATU-R. The
echo canceller is necessary for manufacturers that choose to use echo cancelling, rather than frequency
division duplexing, as a means of separating the upstream and downstream signals. It is recommended
(not required) that subcarriers 1-4 not be used for this signal due to limitations of the POTS low-pass
filter. If these subcarriers are used, then the R-ECT signal should be transmitted at a lower power level
than that which would normally be used. ANSI T1.413-1998 does not define what the lower power level
is. Although this signal is vendor-defined, it is limited in duration to 512 symbol periods. The R-
REVERB2 state immediately follows R-ECT.

Test Setup: Test setup 1.

Procedure:
- Reset the ATU-R to the R-ACT-REQ state.

Continue sending appropriate signals to force the ATU-R to transition through the

initialization sequence to the R-ECT state.

The ATU-R should use subcarriers other than subcarriers 1-4 (recommended, not required).

Observable Results:
If subcarriers 1-4 are used, the power levels of the signals should be substantially decreased.
Following the R-QUIET3 or R-PILOT1 state, the ATU-R should immediately enter the
R-ECT state. The duration of the R-ECT signal should be exactly 512 symbols.
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4.2.2.6 Test#4.009

Test Label: r_reverb2.tranceiver_training.atu_r.dmt.adsl
Purpose: To verify proper transition from the R-ECT state to the R-REVERB2 state.
References: ANSI T1.413-1998 section 9.5.6.

Resour ce Requirements:
ATU-R unit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: The R-REVERB2 signd is the same sighal as R-REVERB1. The R-REVERB2 signdl is
used by the ATU-R to perform timing recovery and receiver equalizer training.

The duration of the R-REVERB2 signal should be between 1024 and 1056 symbol periods. The
R-SEGUEL state immediately follows R-REVERB2.

NOTE: Following the R-REVERB2 state, transceiver training will be complete and channel analysis
begins.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.

Continue ATU-R initialization, sending the appropriate signals to force the ATU-R to enter
the R-REVERB?2 state.

Observable Results:

Immediately following the R-ECT state, the ATU-R should enter the R-REVERB2 state for a
duration of between 1024 and 1056 symbol periods.
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4.2.3 Channel Analysis

Scope:  The following tests cover the transition between states in the Channel Analysis section of the
ADSL DMT ATU-R initiaization sequence.

Overview: Thesetests are designed to verify the various state transitions and actions required during the
Channel Analysis section of the ADSL DMT ATU-R initialization sequence. The ATU-R shall reset to the
R-ACT-REQ state if atimeout occurs or if aany errors in the received control data are indicated by the
C-CRC1 and C-CRC2 checksums. Following successful completion of the Channel Analysis section,
Exchange begins. The Channdl Analysis state transitions are shown below.

ATU-C
C-RATESI,
C-SEGUE1 RSt C-MEDLEY
C-CRC2
ATU-R
R-RATESI,
R-SEGUE1 R-REVERB3 R-SEGUE2 RraRet R-MEDLEY
R-CRC2

Time wmp
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4.2.3.1 Test#4.010

Test Label: r_seguel.channel_analysis.atu_r.dmt.adsl

Purpose: To verify proper transition from the R-REVERB2 state to the R-SEGUEL state, and to
verify the content of the R-SEGUEL signal.

References: ANSI T1.413-1998 section 9.7.1.

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: The R-SEGUEL signal is generated by a tone-by-tone 180-degree phase reversal of the
R-REVERBLI1 signal. The R-SEGUEL1 signd is transmitted for 10 symbol periods. The ATU-R should
enter the R-REVERB3 state immediately following R-SEGUEL.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.

Continue ATU-R initialization, sending the appropriate signals to force the ATU-R to enter
the R-SEGUEL state.

Observable Results:

Immediately following the R-REVERB?2 state, the ATU-R should enter the R-SEGUEL for a
duration of 10 symbol periods.
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4.2.3.2 Test#4.011

Test Label: r_reverb3.channel_anaysis.atu_r.dmt.add
Purpose: To verify that the ATU-R responds properly whilein the R-REVERB3 state.
References: ANSI T1.413-1998 section 9.7.2 and 9.7.3.

Resour ce Requirements:
ATU-R unit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: While in the R-REVERBS state, the ATU-R shall wait 4000 symbol periods for the
ATU-C to transmit the upstream and downstream rate information, C-RATES], and a checksum, C-CRC2.
If C-RATESL and C-CRC2 are not detected within 4000 symbol periods, the ATU-R should return to the
R-ACT-REQ state. If these signals are detected, the ATU-R isto remain in the R-REVERB3 state for 20
symbol periods before entering the R-SEGUE2 state. The R-REVERB3 signa is similar to the
R-REVERB1 signal and isthe first ATU-R signal to include acyclic prefix with every symboal.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Continue ATU-R initialization.
Allow the R-REVERB3 state to timeout.
Return to the R-REVERB3 state.
Send C-CRC2 tothe ATU-R.

Observable Results:
The ATU-R should return to the R-ACT-REQ state after 4000 symbol periods when allowed
to timeout.
ATU-R should go to R-SEQUE?2 20 symbol periods after the detection of C-CRC2.
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4.2.3.3 Test #4.012

Test Label: r_segue2.channel_analysis.atu_r.dmt.adsl
Purpose: To verify proper transition from the R-REVERB3 state to the R-SEGUE2 state.
References: ANSI T1.413-1998 section 9.7.3.

Resour ce Requirements:
ATU-R unit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: ATU-R should enter the R-SEGUE2 state from the R-REVERB3 state, after a 20
symbol period delay, if the C-CRC2 signal is detected, and should timeout and reset to the R-ACT-REQ
state if C-CRC2 is not detected within 4000 symbol periods. The R-SEGUE2 signal is similar to the R-
SEGUEL signal, except that a cyclic prefix is included with every transmitted symbol. The R-RATESL
state immediately follows R-SEGUE2.

Test Setup: Test setup 1.

Procedure:
- Resetthe ATU-R to the R-ACT-REQ state.

Send appropriate signals to continue ATU-R initiaization.

Send the C-CRC2 signd to the ATU-R.

Repeat without sending the C-CRC2 signal.

Observable Results:
- The ATU-R should enter the R-SEGUE2 state from the R-REVEB3 state after a delay of 20
symbol periods.
The ATU-R should timeout and reset if the C-CRC2 signal is not detected within 4000
symbol periods.
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4.2.3.4 Test#4.013

Test Label: r_ratesl.channel_analysis.atu r.dmt.adsl

Purpose: To verify that the ATU-R entersthe R-RATESI state immediately following
R-SEGUE2, and to verify proper transmission of the R-RATES1 signal.

References: ANSI T1.413-1998 section 9.7.4.

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: The R-RATESL signal is used to transmit four upstream data rate options to the ATU-C.
The ATU-C controls the communication link, therefore the relevant data fields in the R-RATESL signal
should match those of the C-RATESL signal. The four options and their respective data fields are shown
in the table below.

Option 1 Option 2 Option 3 Option 4

Pre- Bf Bi RRS Bf Bi RRS Bf Bi RRS Bf Bi RRS
fix D DI DI D

# of 4 3 3 5 3 3 5 3 3 5 3 3 5
bytes

Each byte of the Bf field specifies the number of bytesin the fast buffer in a particular upstream
sub-channdl, i.e, LSO, LS1, and LS2. The Bi field represents the same quantities for the interleaved
buffer. The RRSD field consists of five bytes: the RSf field defines the number of parity bytes per
symbol in the upstream fast buffer, RSi field defines the number of parity bytes per symbol in the
upstream interleaved buffer, the S field defines the upstream number of symbols per codeword, the D
field defines the upstream interleave depth, and the final filed is a byte consisting of eight zeros.

All fields are transmitted least significant bit first. The R-RATESL signal is transmitted 1 bit per
symbol, therefore the total duration of the R-RATESL signal is 384 symbol periods (because there are
384 tota bitsin the R-RATESL signal). The ATU-R shall enter the R-CRCL1 state immediately following
R-RATESL.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT_REQ state.
Send the appropriate signals to continue ATU-R initialization.

Observable Results:
- The ATU-R should enter the R-RATESL state immediately following the R-SEGUE2 state.
The information contained in the R-RATESL data field should be transmitted least
significant bit first, should be encoded, and should include acyclic prefix.
The datain the R-RATESL field should correspond to the data transmitted by the ATU-C in
the C-RATESL field.

The duration of the R-RATESL signal should be 384 symbol periods (because there are a
total of 384 bits).
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4.2.3.5 Test #4.014

Test Label: r_crcl.channel_anaysis.atu_r.dmt.adsl
Purpose: To verify that the ATU-R enters the R-CRCL1 state immediately following R-RATESL.
References: ANSI T1.413-1998 section 9.7.5.

Resour ce Requirements:
ATU-R unit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R
Device capable of computing logical values of logical functions

Discussion: The R-CRCL1 signal is 16 bit cyclic redundancy code used for detection of errorsin the
reception of R-RATESL at the ATU-C. R-CRC1 isgenerated in the following manner:

¢(D) = a(D)D”"16 modulo g(D),
where a(D) = a0D"348 + alD"347 + ..., isthe 348 hits of the R-RATES1 message
and g(d) = D16 + D12 + D5 + 1 isthe CRC generator polynomial
and ¢(D) = cOD"15 + c1D"14 + ¢14D + c15 isthe CRC check polynomial
R-CRC1 is coded using the same method as R-RATESL and uses the same CRC and generator
polynomias as C-CRC1. The duration of R-CRC1 is 16 symbol periods. The ATU-R shall enter the
R-MSGS1 state immediately following R-CRCL.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Send the appropriate signals to continue ATU-R initialization.

Observable Results:
The ATU-R should enter R-CRC1 immediately following R-RATESL.

The duration of the R-CRC1 signal should be 16 symbol periods and should correspond to
the bit pattern generated using the formulas above.
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4.2.3.6 Test#4.015

Test Label: r_msgsl.channel_analysis.atu_r.dmt.adsl

Purpose: To verify that the ATU-R enters the R-MSGS1 state immediately following R-CRCL,
and to verify the fields of the R-MSGS1 signal.

References: ANSI T1.413-1998 section 9.7.6.

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: The R-MSGSL signa is a 48 bit message, m = {m47, m46, .... m1, mO}, containing
initialization information. The least significant bit, mO, is transmitted first. The R-MSGS1 signa is
defined by the table below.

Suffix(ces) of mi Parameter

47-44 Reserved for future use

43-28 Vendor Identification

27,26 Reserved for future use

25-23 T1.413-1998 revision number

22-18 Vendor revision number

17 Trellis coding option

16 Echo cancelling option

15 Expanded Exchange Seguence

14 Support of higher bit rates

13 Support of dual latency, downstream

12 Support of dual latency, upstream

11 Network Timing Reference

10-9 Framing mode

8-4 Reserved for future use

3-0 Maximum number of bits per sub-carrier supported
NOTES

1. All bits “reserved for future use” shall be set to 0.

2. Within the separate fields the lowest subscripts shall be the least significant bits.
3. Bits 25-18 shall be copied to the Revision Number eoc register.

For more information on the fields of the R-MSGS1 signal, see ANSI T1.413-1998 section
9.7.6. The R-MSGSL signd shall be encoded using the same method as used in R-RATESL. The ATU-R
shall enter the R-CRC2 state immediately following R-M SGSL1.

Test Setup: Test setup 1.
Procedure:

Reset the ATU-R to the R-ACT-REQ state.
Send the appropriate signals to continue ATU-R initialization.
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Observable Results:
- The ATU-R should enter the R-M SGS1 state immediately following the R-CRCL1 state.
The information in the R-MSGSL data field should be transmitted least significant bit first
(mO0), should be encoded, and should include a cyclic prefix.
The duration of the of the R-MSGS signal should be 48 symbol periods (because there are a
total of 48 hits).

59



4.2.3.7 Test#4.016

Test Label: r_crc2.channel_anaysis.atu_r.dmt.adsl
Purpose: To verify that the ATU-R entersthe R-CRC2 state immediately following R-M SGS1.
References: ANSI T1.413-1998 section 9.7.7.

Resour ce Requirements:
ATU-R unit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R
Device capable of computing logical values of logical functions

Discussion: The R-CRC2 signal is a 16 bit cyclic redundancy code used for detection of errorsin
the reception of R-MSGSL at the ATU-C. The R-CRC2 signa is constructed in the same manner as R-
CRC1. The duration of R-CRC2 is 16 symbol periods. The ATU-R shall enter the R-MEDLEY state
immediately following R-CRC2.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Send the appropriate signals to continue ATU-R initialization.

Observable Results:
The ATU-R should enter the R-CRC2 state immediately following R-M SGSL.
The duration R-CRC2 should be 16 symbol periods and should correspond to the bit pattern
generated using the formula discussed for R-CRCL1.
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4.2.3.8 Test#4.017

Test Label: r_medey.channel_anaysis.atu_r.dmt.adsl
Purpose: To verify that the ATU-R entersthe R-MEDLEY state immediately following R-CRC2.
References: ANSI T1.413-1998 section 9.7.8.

Resour ce Requirements:
ATU-R unit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: R-MEDLEY is a wideband pseudo random sequence used to estimate the upstream
signal-to-noiseratio (SNR) at the ATU-C. The pseudo random sequence is defined in section 9.5.2 of the
standard reference. R-MEDLEY is transmitted for 16384 symbol periods. The ATU-R shall enter the
R-REVERB4 stateimmediately following R-MEDLEY .

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Send the appropriate signals to continue ATU-R initialization.

Observable Results:
The ATU-R should enter the R-MEDLEY state immediately following R-CRC2.
The duration of the R-MEDLEY signal should be 16384 symbol periods.
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4.2.3.9 Test # 4.018

Test Label: r_reverb4.channel_anaysis.atu_r.dmt.add

Purpose: To verify that the ATU-R enters the R-REVERB4 state immediately following
R-MEDLEY.

References: ANSI T1.413-1998 section 9.7.9.

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: The R-REVERB4 signal is the same sighal as R-REVERB3, with duration 128 symbol
periods. The ATU-R shall enter the R-SEGUE3 state immediately following R-REVERBA4.

NOTE: Following the R-REVERB4 state, channel analysis will be complete and exchange begins.
Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Send the appropriate signals to continue ATU-R initialization.

Observable Results:
The ATU-R should enter the R-REVERBA4 state immediately following R-MEDLEY .
The duration of the R-REVERBA4 signal should be 128 symbol periods.
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4.2.4 Exchange

Scope: The following tests cover the transition between states in the Exchange section of the ADSL
DMT ATU-R initialization sequence.

Overview: Thesetests are designed to verify the various state transitions and actions required during the
Exchange section of the ADSL DMT ATU-R initialization sequence. The ATU-R shall reset to the R-
ACT-REQ state if atimeout occurs or if a any errors in the received control data are indicated by the C-
CRC1 and C-CRC2 checksums. If the short exchange sequence, SES, is to be used, testing starts with the
R-SEGUE3 signa, ADSL Test 4.019, and continues with the R-MSGS2 signal, ADSL Test 4.026. If EES
is to be used, testing starts with the R-SEGUE3 signal. ADSL Test 4.019, and continues to the R-M SG-
RA state, ADSL Test 4.020. Following successful completion of the Exchange section, the ATU-R is
ready for steady state data transmission. The Exchange state transitions are shown below.

ATU-C Time ATU-R

l R-SEGUE3
C-REVERB4 ;
R-MSG-RA,
R-CRC-RAL,
EEs | M R
C-SEGUE2 -CRC-
SES
C-RATES-RA, ks
C-CRC-RAL,
C-MSG-RA and R-REVERB-RA
C-CRC-RA2 EES
R-SEGUE-RA
SES
R-MSG2,
C-REVERB-RA ns
R-RATES? and
EES R-CRC4
C-SEGUE-RA
C-MSG2,
C-CRC3,
C-RATES?2, R-REVERB5
C-CRC4,
C-B&G and
C-CRC5
R-SEGUE4
C-REVERB5 R B8G and
R-CRC5
C-SEGUE3 R-REVERB6
R-SEGUES5
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4.2.4.1 Test#4.019

Test Label: r_segue3.exchange.atu r.dmt.add

Purpose: To verify that the ATU-R:
- enters R-SEGUES state immediately following R-REVERBA4,
that the R-MSGS-RA state follows the R-SEGUES state if the expanded exchange sequence
(EES) is being used, and
that the ATU-R enters the R-M SGS2 state from the R-SEGUES3 state if the EESis not being
used.

References: ANSI T1.413-1998 section 9.9.1.

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: If the expanded exchange “rate adaptation” sequence (EES) is to be used, bit 15 of the
C-MSGS1 signd issetto 1. The EESis used for rate adaptation or for data rates greater than 8 Mbitg/s.
If the ATU-C has decided that EES isto be used, then R-M SGS-RA follows R-SEGUE3. Otherwise, if the
short exchange sequence (SES) isto be used, R-MSGS2 follows R-SEGUES3.

When the expanded exchange sequence (EES) or Rate Adaptation Sequence (RAS) is to be used,
the sequence is asfollows:

R-SEGUE3 to R-MSG-RA to R-CRC-RA1 to R-RATESRA to R-CRC-RA2 to R-REVERB-RA to
R-SEGUE-RA to R-MSG2

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Continue ATU-R initiaization.
While in R-REVERB3, ATU-R expects a series of signas from the ATU-C, among them is
C-MSGSL.
Set bit 15 of C-MSGS1 to 1 to force EES.
Allow statesto transfer through R-SEGUES.
Repeat with bit 15 of C-MSGS1 set to 0 to force SES.

Observable Results:
If EESisto be used, then R-MSGS-RA should follow R-SEGUES3.
If SESisto be used, then R-MSGS2 should follow R-SEGUES.
The duration of the R-SEGUE3 signal should be 10 symbol periods.
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4.2.4.2 Test #4.020

Test Label: r_msg_ra.ees.exchange.atu_r.dmt.adsl

Purpose: To verify the transmission of the R-MSG-RA signal, following the R-SEGUES state, if
the expanded exchange sequenceisto be used.

References: ANSI T1.413-1998 section 9.9.2.

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: The R-MSG-RA signal issimilar to theR-MSG2 signal, except that it is expanded by 48
bits. The bit assignments for the R-MSG-RA signal, which can be modelled as m = {m79, m78, ... m1,
mO}, are shown in the table below.

Suffix(ces) of m Parameter

79-56 Reserved for future use

55-49 Number of RS overhead bytes, (R)

48-40 Number of RS payload bytes, K

39-32 Number of tones carrying data (ncloaded)
31-25 Estimated average loop attenuation

24-21 Coding gain

20-16 Performance margin w/sel ected rate option
15-14 Reserved for future use

13-12 Maximum interleaving depth

11-0 Total number of bits per DM T symbol, (Bmax)

NOTES. 1. All bits “reserved for future use” shall be set to 0.
2. Within the separate fields the lowest subscripts shall be the least significant bits.

For more information on the fields of the R-MSG-RA signal, see the standard reference, section
9.9.2. The duration of the R-MSG-RA signal should be 10 symbol periods, corresponding to the 10 bytes
of datain the R-MGS-RA datafield. The ATU-R shall enter the R-CRC-RA1 state immediately following
R-MSGS1.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Continue ATU-R initialization, selecting the expanded exchange sequence.

Observable Results:
- The ATU-R should enter the R-MSG-RA state immediately following R-SEGUES.
The ATU-R should transmit 80 bits of information coded as shown in the above table. The
specifics of each field of the R-MSG-RA signal are described in the standard reference,
section 9.9.2.
The duration of the R-MSG-RA signal should be 10 symbol periods.
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4.2.43 Test#4.021

Test Label: r_crc_ral.ees.exchange.atu r.dmt.adsl

Purpose: To veify that the ATU-R enters the R-CRC-RA1 state immediately following
R-MSG-RA in the expanded exchange sequence.

References: ANSI T1.413-1998 section 9.9.3.

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R
Device capable of computing logical values of logical functions

Discussion: The R-CRC-RA1 signal isa 16 hit cyclic redundancy check used for detection of errors
in the reception of the R-MSG-RA signal at the ATU-C. R-CRC-RA is generated in the same manner as
R-CRC1. The R-CRC-RA1 should be coded in the same manner as R-MSG-RA. The duration of the
R-CRC-RA1 signa should be 2 symbol periods. The ATU-R shdl enter the R-RATES-RA date
immediately following R-CRC-RA L.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Continue ATU-R initialization, selecting the expanded exchange sequence.

Observable Results:
The ATU-R should enter the R-CRC-RA 1 state immediately following R-MSG-RA.
The duration of the R-CRC-RA 1 signal should be 2 symbol periods and should correspond to
the bit pattern generated using the formula discussed for R-CRCL1.
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4.2.4.4 Test#4.022

Test Label: r_rates ra.ees.exchange.atu_r.dmt.add

Purpose: To verify that the ATU-R enters the R-RATES-RA sate immediately following
R-CRC-RA1 in the expanded exchange sequence.

References: ANSI T1.413-1998 section 9.9.4.

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: The R-RATES-RA digna is a one byte reply to the C-RATESL signal based on the
results of the downstream channel analysis. The R-RATES-RA signal:
sends back only the option number of the highest data rate that can be supported, based on
the measured SNR of the downstream channel
indicates that no options were selected at this time, but will be made later based on
C-RATES-RA information
indicates that none of the options requested during C-RATESL1 can be implemented

The duration of the R-RATES-RA signal should be 1 symbol period. The datafields of the R-RATES-RA
signal are shown in the table below. The ATU-R should enter the R-CRC-RA2 state immediately
following R-RATES-RA.

Downstream Bit pattern for R-RATES2 (M SB first)
Option 1 00010001
Option 2 00100010
Option 3 01000100
Option 4 10001000
No option selected 00000001
All optionsfail 00000000

NOTE: All other bit patterns not shown are reserved for future use.
Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Continue ATU-R initialization, selecting the expanded exchange sequence.

Observable Results:
The ATU-R should enter the R-RATES-RA state immediately following R-CRC-RA1.
The duration of the R-RATES-RA signal should be 1 symbol period.
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4.2.45 Test#4.023

Test Label: r_crc_ra2.ees.exchange.atu r.dmt.adsl

Purpose: To veify that the ATU-R enters the R-CRC-RA2 state immediately following
R-RATES-RA in the expanded exchange sequence.

References: ANSI T1.413-1998 section 9.9.5.

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R
Device capable of computing logical values of logical functions

Discussion: The R-CRC-RAZ2 signal is a two byte cyclic redundancy code used for detection of
errorsin the reception of the R-RATES-RA signd at the ATU-C. The R-CRC-RA2 should be coded in the
same manner as R-RATES-RA. The duration of the R-CRC-RA2 signal should be 2 symbol periods. The
ATU-R shall enter the R-REVERB-RA state immediately following R-CRC-RA2.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Continue ATU-R initialization, selecting the expanded exchange sequence.

Observable Results:
The ATU-R should enter the R-CRC-RA2 state immediately following R-RATES-RA.
The duration of the R-CRC-RA2 signal should be 2 symbol periods and should correspond to
the bit pattern generated using the formula discussed for R-CRCL.
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4246 Test#4.024

Test Label: r_reverb ra.ees.exchange.atu r.dmt.adsl

Purpose: To verify that the ATU-R enters the R-REVERB-RA state immediately following
R-CRC-RA2, and to verify proper operation of the ATU-R while in the R-REVERB-RA state of the
expanded exchange sequence.

References: ANSI T1.413-1998 section 9.9.6.

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: The R-REVERB-RA signal is the same signd as R-REVERB3. The ATU-R shdl
transmit the R-REVERB-RA signal until al bits and gains information transmitted in the C-RATES-RA
signal have been received and checked using the C-CRC-RA2 signal. The ATU-R shal continue to
transmit the R-REVERB-RA signal for 64 symbol periods after the control data transmitted by the ATU-C
has been received. The duration of the R-REVERB-RA signal is greater than 288 symbol periods and less
than 4000 symbol periods. If all control signals have not been detected within 4000 symbol periods, the
ATU-R shall timeout and reset to the R-ACT-REQ state. The ATU-R shall enter the R-SEGUE-RA state
immediately following R-REVERB-RA.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Continue ATU-R initialization, selecting the expanded exchange sequence.
Repeat, without transmitting the C-RATES-RA and C-CRC-RA2 signals.

Observable Results:
- The ATU-R should enter the R-SEGUE-RA state immediately following R-CRC-RA2.
The ATU-R should continue to transmit the R-REVERB-RA signal for 64 symbol periods
after successfully receiving the C-RATES-RA and C-CRC-RA2 signals.
The ATU-R should timeout and reset to the R-ACT-REQ state if the C-RATES-RA and
C-CRC-RAZ2 signals are not received within 4000 symbol periods.
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4.2.4.7 Test#4.025

Test Label: Ir_segue ra.ees.exchange.atu r.dmt.add

Purpose: To verify that the ATU-R enters the R-SEGUE-RA state immediately following
R-REVERB-RA in the expanded exchange sequence.

References: ANSI T1.413-1998 section 9.9.7.

Resour ce Requirements:
ATU-R unit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: The R-SEGUE-RA signal isthe same as R-SEGUE4. The duration of the R-SEGUE-RA
signal is 10 symbol periods. The ATU-R shal enter the R-MSGS2 state immediately following
R-SEGUE-RA.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Continue ATU-R initialization, selecting the expanded exchange sequence.

Observable Results:
The ATU-R should enter the R-SEGUE-RA state immediately following R-REVERB-RA.
The duration of the R-SEGUE-RA signal should be 10 symbol periods.
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4.2.4.8 Test # 4.026

Test Label: r_msgs2.exchange.atu_r.dmt.adsl
Purpose: To verify the transmission of the R-MSGS2 signal.
References: ANSI T1.413-1998 section 9.9.8.

Resour ce Requirements:
ATU-R unit (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: The R-MSGS2 signal is 32 hit message sent to the ATU-C containing the total number
of hits per symbol supported, the estimated downstream loop attenuation, and the performance margin
with the selected rate option. The data fields of the R-MSGS2 signal, which can be modelled as m =
{m31, m30, ... m1, mQ}, are defined in the table below.

Suffix(ces) of m Parameter

31-25 Estimated average loop attenuation

24-21 Reserved for future use

20-16 Performance margin with selected rate option

15-12 Reserved for future use

11-0 Total number of bits supported

NOTE:

1. All bits “reserved for future use” shall be set to O until defined.

2. Within the separate fields the least significant bits have the lowest subscripts.

For more information on the fields of the R-MSGS2 signal, see the standard reference, section 9.9.8.
The duration of the R-MSGS2 signal should be 4 symbol periods, corresponding to the 4 bytes of datain
the R-MSGS2 datafield. The ATU-R shall enter the R-CRC3 state immediately following R-M SGS2.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Send the appropriate signalsto continue ATU-R initialization

Observable Results:

- The ATU-R should enter the R-MSGS2 state immediately following: R-SEGUE-RA, if the
expanded exchange sequence is being used, or R-SEGUES3 if the expanded exchange
sequence is hot being used.

The duration of the R-MSGS2 signal should be 4 symbol periods.
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4.2.49 Test #4.027

Test Label: r_crc3.exchange.atu_r.dmt.adsl
Purpose: To verify that the ATU-R entersthe R-CRC3 state immediately following R-M SGS2.
References: ANSI T1.413-1998 section 9.9.9.

Resour ce Requirements:
ATU-R (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R
Device capable of computing logical values of logical functions

Discussion: The R-CRC3 signal is atwo byte cyclic redundancy code used for detection of errorsin the
reception of the R-MSGS2 signal at the ATU-C. The R-CRC3 should be coded in the same manner as
R-MSGS2. The duration of the R-CRC3 signal should be 2 symbol periods. The ATU-R shall enter the
R-RATES2 state immediately following R-CRC3.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Send the appropriate signals to continue ATU-R initialization.

Observable Results:
The ATU-R should enter the R-CRC3 state immediately following R-M SGS2.
The duration of the R-CRC3 signal should be 2 symbol periods and should correspond to the
bit pattern generated using the formula discussed for R-CRC1.
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4.2.410 Test #4.028

Test Label: r_rates2.exchange.atu_r.dmt.adsl
Purpose: To verify that the ATU-R enters the R-RATES2 state immediately following R-CRC3.
References: ANSI| T1.413-1998 section 9.9.10.

Resour ce Requirements:
ATU-R (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: R-RATES2 is the reply C-RATES1 or C-RATES-RA, based on the results of the
downstream channel analysis. The ATU-R sends back only the number of the selected data rate that can be
supported, based on the signal-to-noise ratio of the downstream channel. The options and corresponding
bit patterns are shown in the table below.

Downstream Bit pattern for R-RATES2 (MSB first)
Option 1 00010001
Option 2 00100010
Option 3 01000100
Option 4 10001000
No option selected 00000001
All optionsfail 00000000

NOTE: All other bit patterns not shown are reserved for future use.

If none of the options requested in C-RATESL or C-RATES-RA can be implemented, the ATU-R
shall timeout and reset to the R-ACT-REQ state for retraining. The duration of the R-RATES2 signal is 1
symbol period. The ATU-R shall enter the R-CRC4 stateimmediately following R-RATES2.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Send the appropriate signals to continue ATU-R initialization.
Repeat, transmitting all 0’'sin the data fields of the C-RATES1 or C-RATES-RA signals.

Observable Results:
- The ATU-R should enter the R-RATES2 state immediately following R-CRC3.
The duration of the R-RATES2 signal should be 1 symbol period.
The ATU-R should transmit the bit sequence 00000000, all options fail, or 00000001, no
option selected, and should timeout and reset to the R-ACT-REQ state.
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4.2.411 Test #4.029

Test Label: r_crcd.exchange.atu_r.dmt.ads
Purpose: To verify that the ATU-R enters the R-CRC4 state immediately following R-RATES2.
References: ANSI| T1.413-1998 section 9.9.11.

Resour ce Requirements:
ATU-R (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R
Device capable of computing logical values of logical functions

Discussion: The R-CRCA4 signal is a 2 byte cyclic redundancy code used for detection of errorsin
the reception of the R-RATES2 signa at the ATU-C. The R-CRC4 should be coded in the same manner as
R-RATES2. The duration of the R-CRC4 signa should be 2 symbol periods. The ATU-R shall enter the
R-REVERBS state immediately following R-CRCA4.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Send the appropriate signals to continue ATU-R initialization.

Observable Results:
The ATU-R should enter the R-CRC4 state immediately following R-RATES2.
The duration of the R-CRC4 signal should be 2 symbol periods and should correspond to the
bit pattern generated using the formula discussed for R-CRC1.
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4.2.4.12 Test #4.030

Test Label: r_reverb5.exchange.atu_r.dmt.adsl

Purpose: To verify that the ATU-R enters the R-REVERBS state, and to verify that the ATU-R
takes atimeout and returns to the R-ACT-REQ state if C-B& G and C-CRCS5 are not detected within 4000
symbol periods.

References: ANSI T1.413-1998 section 9.9.12.

Resour ce Requirements:
- ATU-R (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: While in the R-REVERBS state, the ATU-R shall wait for 4000 symbol periods for the
ATU-C to transmit bits and gainsinformation, C-B& G, and a checksum, C-CRC5. [f these signals are not
detected after 4000 symbol periods, the ATU-R is to return to the R-ACT-REQ state for retraining. If
C-CRCS is detected, the ATU-R is to remain in the R-REVERB5S state for an additional 64 symbol
periods before entering the R-SEGUEA4 state.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Send appropriate signals to continue ATU-R initiaization.
Allow the R-REV ERBS5 state to timeout.
Return to the R-REVERBS state.
Send C-B& G and C-CRC5tothe ATU-R.

Observable Results:
- The ATU-R should enter the R-REV ERBS5 state immediately following R-CRC4.
The ATU-R should reset to the R-ACT-REQ state after 4000 symbol periods when allowed
to timeout.
ATU-R should enter the R-SEGUE4 state 64 symbol periods after the reception of C-
CRC2.
The duration of the R-REV ERS5 state should be less than 4000 symbol periods.

75



4.2.4.13 Test #4.031

Test Label: r_segued.exchange.atu_r.dmt.add

Purpose: To verify that the ATU-R enters the R-SEGUE4 state immediately following
R-REVERBS.

References: ANSI T1.413-1998 section 9.9.13.

Resour ce Requirements:
- ATU-R (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: The ATU-R transmits the R-SEGUE4 signal to notify the ATU-C that it is about to enter
the R-B& G state. The duration of the R-SEGUE4 signal is 10 symbol periods. The ATU-R shall enter the
R-B& G state immediately following R-SEGUEA4.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Send the appropriate signals to continue ATU-R initialization.

Observable Results:
The ATU-R should enter the R-SEGUE4 state immediately following R-REVERBS.
The duration of the R-SEGUE4 signal should be 10 symbol periods.

76



4.2.4.14 Test # 4.032

Test Label: r_b&g.exchange.atu r.dmt.add
Purpose: To verify that the ATU-R entersthe R-B& G state immediately following R-SEGUEA4.
References: ANSI| T1.413-1998 section 9.9.14.

Resour ce Requirements:
ATU-R (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: The R-B& G signal is used to transmit the bits and gains information of the downstream
sub-carrier channels to the ATU-C. Each sub-carrier will have two numbers associated with it. Bi
represents the number of bits to be coded by the ATU-C onto the i’th sub-carrier, and gi represents the
scale factor that shall be coded onto the i’th sub-carrier, relative to the gain that was used for the sub-
carrier during C-MEDLEY. For more information on the R-B&G signal, see the standard reference,
section 9.9.14. The duration of the R-B& G signal is 510 symbol periods. The ATU-R shall enter the R-
CRCS state immediately following R-B& G.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Send the appropriate signals to continue ATU-R initialization.

Observable Results:

The ATU-R should enter the R-B& G state immediately following R-SEGUEA.
The duration of the R-B& G signal should be 510 symbol periods.
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4.2.4.15 Test # 4.033

Test Label: r_crch.exchange.atu_r.dmt.adsl

Purpose: To verify that the ATU-R enters the R-CRC5 state immediately following R-B&G, and
to verify that the ATU-R takes a timeout and returns to the R-ACT-REQ state if C-SEGUES3 is not
detected within 4000 symbol periods.

References: ANSI T1.413-1998 section 9.9.15.

Resour ce Requirements:
ATU-R (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R
Device capable of computing logical values of logical functions

Discussion: The R-CRCE5 signal is a 2 byte cyclic redundancy code used for detection of errorsin
the reception of the R-B&G signd at the ATU-C. The R-CRC5 should be coded in the same manner as
R-B&G. The duration of the R-CRC5 signal should be 2 symbol periods. The ATU-R shall enter the
R-REVERBS6 state immediately following R-CRCA4.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Send the appropriate signals to continue ATU-R initialization.

Observable Results:
The duration of the R-CRC3 signal should be 2 symbol periods and should correspond to the
bit pattern generated using the formula discussed for R-CRC1.
The ATU-R should enter the R-REVERBG6 state immediately following transmission of the
R-CRC5 signal.
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42416 Test#4.034

Test Label: r_reverb6.exchange.atu_r.dmt.adsl
Purpose: To verify that the ATU-R enters the R-REVERBG state immediately following R-CRC5.
References: ANSI T1.413-1998 section 9.9.16.

Resour ce Requirements:
ATU-R (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: The ATU-R remains in the R-REVERBG6 state until al 10 symbols of the C-SEGUE3
signa have been received. The maximum duration of the R-REVERBG signal is 4000 symbol periods. |If
the C-SEGUES signa has not been received within 4000 symbol periods, the ATU-R shall timeout and
reset to the R-ACT-REG state. The ATU-R shall enter the R-SEGUES state immediately following
R-REVERBS.

Test Setup: Test setup 1.

Procedure:
- Resetthe ATU-R to the R-ACT-REQ state.

Send the appropriate signals to continue ATU-R initialization.

While the ATU-R is in the R-REVERB6 state, allow the ATU-R to timeout by not

transmitting the C-SEGUE3 signal.

Reset the ATU-R to the R-ACT-REG state.

Send the appropriate signals to continue ATU-R initialization.

Observable Results:
The ATU-R should enter the R-REVERBG state immediately following R-CRCS5.
While in the R-REVERBG6 state, the ATU-R should timeout and reset to the R-ACT-REQ
stateif the C-SEGUE3 signal is not detected within 4000 symbol periods.
ATU-R should enter the R-SEGUES state immediately following reception of C-SEGUES.
The duration of the R-REVERBG6 signal should be less than 4000 symbol periods.
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4.2.4.17 Test #4.035

Test Label: r_segueb.exchange.atu_r.dmt.add

Purpose: To verify that the ATU-R enters the R-SEGUE5S state immediately following
R-REVERBS.

References: ANSI T1.413-1998 section 9.9.17.

Resour ce Requirements:
- ATU-R (UUT)
Device capable of generating ATU-C signals and host controller channel commands
Device capable of monitoring the state of the ATU-R
Device capable of capturing and viewing the output of the ATU-R

Discussion: The purpose of the R-SEGUEDS signal is to notify the ATU-C that the ATU-R is about to
enter steady state data transmission, or the R-SHOWTIME state. The duration of the R-SEGUES signal is
10 symbol periods.

NOTE: This signal ends the exchange sequence. The ATU-R has completed initialization and will enter
the steady state data transmission state, R-SHOWTIME.

Test Setup: Test setup 1.

Procedure:
Reset the ATU-R to the R-ACT-REQ state.
Send the appropriate signals to continue ATU-R initialization.

Observable Results:
- The ATU-R should enter the R-SEGUES state immediately following R-REVERBSG.
The duration of the R-SEGUE 5 signal should be 10 symbol periods.
The ATU-R should cycle through the entire initialization sequence.
The ATU-R has completed initialization and should enter the steady state data transmission
state, R-SHOWTIME.
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4.3 ATU-C Initialization Tests

4.3.1 Activation and Acknowledgement

Scope:  The following tests cover the transition between states in the Activation and Acknowledgement
section of the ADSL DMT ATU-C initialization sequence.

Overview: Thesetests are designed to verify the various state transitions and actions required during the
Activation and Acknowledgement section of the ADSL DMT ATU-C initialization sequence. Following
successful completion of the Activation and Acknowledgement section, Transceiver Training begins. The
Activation and Acknowledgement state transitions, for both the ATU-C and the ATU-R, are shown below.

ATU-C
C-IDLE/
C-QUIETL/ 1C'2AgT4 C-QUIET2
C-TONE e
ATU-R
R-ACT-REQ/ R-ACK
R-QUIET1 1,2
Time wmp
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4.3.1.1 Test# 4.036

Test Label: C_quiet.activation.atu_c.dmt.addl

Purpose: To verify that the ATU-C enters the C-QUIET1 dtate, upon power up, immediately
following the optional C-SELFTEST state.

References: ANSI T1.413-1998 section 9.2.1.1.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: The ATU-C shall enter the C-QUIET1 state upon power up. A host controller may force
the ATU-C to enter an optional vendor discretionary selftest state, C-SELFTEST, prior to the C-QUIET1
state.

Test Setup: Test setup 2.

Procedure:
Power up the ATU-C.
Reset the ATU-C.
Send a host controller command signal forcing the ATU-C to enter the C-SELFTEST state.

Observable Results:
- The ATU-C should enter the C-QUIET1 state if the host controller does not issue a selftest
signal.
The ATU-C should enter the C-SELFTEST state, followed by the C-QUIET1 state, if the host
controller issues a selftest signal.
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4.3.1.2 Test # 4.037

Test Label: c_idle.activation.atu_c.dmt.add

Purpose: To verify that the ATU-C enters the C-IDLE state, following the C-QUIET1 date, if
forced by the host controller, and to verify that ATU-C operates properly while in the C-IDLE state.

References: ANSI T1.413-1998 section 9.2.12.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: The ATU-C shall enter the C-IDLE state only if forced by a host command. Whilein the
C-IDLE date, the ATU-C should ignore the R-ACT-REQ signd from the ATU-R, i.e., the ATU-C should
not enter the C-ACTIVATE date. The ATU-C may enter the C-TONE state upon detection of the
R-ACT-REQ signal. The ATU-C shal remain in the C-IDLE state indefinitely until the host controller
forces one of the following states: C-TONE, C-QUIET1, C-ACT, or C-SELFTEST.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C.
Send the c:idle_ignore host controller channel command to the force the ATU-C into the
C-IDLE state.
Send the c:tone host controller command signal to the ATU-C.
Reset the ATU-C, sending appropriate host controller commandsto force the C-IDLE state.
Send the c:quietl host controller command signal to the ATU-C.
Reset the ATU-C, sending appropriate host controller commandsto force the C-IDLE state.
Send a c:activate host controller command signal to the ATU-C.
Reset the ATU-C, sending appropriate host controller commandsto force the C-IDLE state.
Send the c:selftest host controller command signal to the ATU-C.

Observable Results:
- The ATU-C should enter the C-IDLE state upon receipt of the c:idle host controller

command.
The ATU-C should enter the C-TONE state upon receipt of the c:tone host controller
command.
The ATU-C should enter the C-QUIET1 state upon receipt of the c:quietl host controller
command.
The ATU-C should enter a C-ACTIVATE state upon receipt of the c:activate host controller
command.

The ATU-C should enter a C-SELFTEST state upon receipt of the c:selftest host controller command.
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4.3.1.3 Test # 4.038

Test Label: c_tone.activation.atu_c.dmt.adsl
Purpose: To verify that the ATU-C returnsto the C-IDLE state after sending the C-TONE signal.
References: ANSI T1.413-1998 section 9.2.1.3.

Resour ce Requirements:
ATU-C unit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: The ATU-C can only enter the C-TONE state if the host controller command c:tone is
transmitted while the ATU-C isin the C-IDLE state. The C-TONE signd is defined as a single frequency
sinusoid at 310.5kHz. This signal is to insure that the ATU-R does not transmit R-ACT-REQ. The
duration of the C-TONE signa is 128 symbol periods with no cyclic prefix. Immediately following
transmission of the C-TONE signal, the ATU-C shall return to the C-IDLE state.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C, sending appropriate host controller commands to force the C-IDLE state.
Send the c:tone host controller command signal to the ATU-C.

Observable Results:
- The ATU-C should enter the C-IDLE state and remain in the C-IDLE state until the c:tone
host controller command signal is transmitted, at which time the ATU-C should enter the
C-TONE state and transmit the C-TONE signal for 128 symbol periods.
The ATU-C should return to the C-IDLE state immediately following transmission of the
C-TONE signd,, i.e., the output of the ATU-C DAC should be 0 volts.
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4.3.1.4 Test#4.039

Test Label: C_activate.activation.atu_c.dmt.adsl

Purpose: To verify that the ATU-C operates properly while in the C-ACTIVATE date, i.e,
transmitting one of the following activation signals C-ACT1, C-ACT2, C-ACT3, or C-ACTA4.

References: ANSI T1.413-1998 section 9.2.2.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signalsand
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: Each ATU-C unit is designed to transmit one specific C-ACTIVATE signa (shown in the
table below) only, based on the location of loop timing and the requirement of a pilot signal during the
ATU-R states R-QUIET3 or R-PILOT.

Loop timing is performed by only one of the two transceivers, and is defined as tying a
transceiver’'s analog to digital converter (ADC) clock to the clock of the received signal and tying the
local digital to analog clock (DAC) to the ADC clock. Thus, al clocks within the loop shall be
synchronized. Any given ATU-C shdl transmit one and only one C-ACTIVATE signal. The following
table shows the conditions for each C-ACTIVATE signal.

Signal L ocation of Loop Timing Pilot Required? Freguency of Signal
C-ACT1 ATU-C NO 207 kHz
C-ACT2 ATU-R NO 189.75 kHz
C-ACT3 ATU-C Vendor Discretionary 224.25 kHz
C-ACT4 ATU-R Vendor Discretionary 258.75 kHz

Each C-ACTIVATE signal does not contain acyclic prefix, and is defined as a single frequency
sinusoid transmitted at the frequency shown in the abovetable. The duration of any C-ACTIVATE signal
shall be 128 symbol periods. The C-QUIET?2 state immediately follows C-ACTIVATE.

Test Setup: Test setup 2.

Procedure:

Reset the ATU-C, sending appropriate host controller commands or ATU-R activation
signals (R-ACT-REQ) to forcethe C-ACTIVATE dtate.
Measure the frequency of the ensuing C-ACTIVATE signa

Observable Results:
The frequency of the C-ACTIVATE signa should match one of the frequencies,
corresponding to a particular C-ACTIVATE signal, as shown in the above table.
The duration of any given C-ACTIVATE signal should be 128 symbol periods.
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4.3.1.5 Test # 4.040

Test Label: C_quiet2.activation.atu_c.dmt.adsl
Purpose: To verify that the ATU-C operates properly whilein the C-QUIET2 state.
References: ANSI T1.413-1998 section 9.2.3

Resour ce Requirements:
ATU-C unit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: The ATU-C shal enter the C-QUIET2 date immediately following C-ACT
(C-ACTIVATE). The duration of the C-QUIET2 signa shdl be 128 symbol periods. Following
C-QUIET?2, the ATU-C shall enter the C-REVEILLE state if the R-ACK signa is detected within 128
symbol periods. If the R-ACK signa is not detected within the specified 128 symbol periods of
C-QUIET2, the ATU-C shal return to the C-ACT state. The ATU-C shall return to the C-ACT state no
more than twice if R-ACK is not detected. |If R-ACK isnot detected a third time, the ATU-C shall return
tothe C-QUIET1 state.

NOTE: The duration of the C-QUIET2 state shall aways be 128 symbol periods. If asignal is detected
before completion of the 128 symbol periods of C-QUIET2, the full duration will be maintained,
followed by aresponse to the received signal.

NOTE: Following the C-QUIET2 state, activation and acknowledgement is complete and transceiver
training begins.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C, sending the appropriate host controller commands or ATU-R activation
signas (R-ACT-REQ) to force the C-ACT state, which will automatically be followed by the
C-QUIET?2 state.
Send the R-ACK signal to the ATU-C.
Reset the ATU-C, returning to the C-QUIET1 state.
Allow the 128 symbol period duration of the C-QUIET2 signal to expire (do not transmit the
R-ACK signal).
Do not reset the ATU-C. Forcethe ATU-C into the C-QUIET2 state a second time and allow
the 128 symbol period duration to run out (do not transmit the R-ACK signal).
Do not reset the ATU-C. Force the ATU-C into the C-QUIET2 state a third time and allow
the 128 symbol period duration to run out (do not transmit the R-ACK signal).

Observable Results:
- The ATU-C should remain in the C-QUIET2 state for 128 symbol periods.
The ATU-C should enter the C-REVEILLE state after 128 symbol periods.
The ATU-C should return to the C-ACT state immediately following the duration of the 128
symbol periods of C-QUIET2.
The ATU-C should return to the C-QUIET2 state. The ATU-R should enter the C-ACT state
immediately following the duration of the 128 symbol periods of C-QUIET2.
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The ATU-C should return to the C-QUIET2 state once more. The ATU-C should enter the
C-QUIET1 state immediately following the third duration of the 128 symbol periods of
C-QUIET2.
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4.3.2 Transceiver Training

Scope: The following tests cover the transition between states in the Transceiver Training section of the
ADSL DMT ATU-C initiaization sequence.

Overview: Thesetests are designed to verify the various state transitions and actions required during the
Transceiver Training section of the ADSL DMT ATU-C initidlization sequence. Beginning with the
transmission of the R-REVERBL1 signa, the ATU-C and ATU-R dtates are synchronized. Following
successful completion of the Transceiver Training section, Channel Analysis begins. The Transceiver
Training state transitions are shown below.

ATU-C
C-QUIET3
C-QUIET4 C-QUIETS
C-PILOT1 Q Q
C-REVEILLE C-REVERB1 C-ECT C-REVERB2 C-REVERB3
C-PILOT1A
and C- C-PILOT2 C-PILOT3
QUIET3A
ATU-R iL
R-QUIET3
R-QUIET2 R-REVERB1 R-ECT R-REVERB2
R-PILOT1
Time ==p
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4.3.2.1 Test#4.041

Test Label: c_reveilletransceiver_training.atu_c.dmt.adsl
Purpose: To verify that the ATU-C entersthe correct state from the C-REVEILLE state.
References: ANSI T1.413-1998 section 9.4.1.

Resour ce Requirements:
ATU-C unit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the state of the ATU-C

Discussion: The C-REVEILLE date is transmitted by the ATU-C to let the ATU-R know that it has
properly received the R-ACK signal. The ATU-C can enter 3 different states following the C-REVEILLE
state, based on the following criteria:

C-QUIET3if R-ACK1 was detected and the ATU-C is performing loop timing

C-PILOT1A if R-ACK1 was detected and the ATU-R is performing loop timing

C-PILOT1if R-ACK2 was detected.
The C-REVEILLE signa does not contain a cyclic prefix, and is defined a single frequency sinusoid at
241.5kHz. The duration of the C-REVEILLE signal is 128 symbol periods.

Test Setup: Test setup 2.

Procedure:
- Reset the ATU-C, continuing initialization.

Send the R-ACK 1 signal to the ATU-C whilethe ATU-C isinthe C-ACT sate.

Reset the ATU-C, continuing initialization.

Send the R-ACK2 signal to the ATU-C whilethe ATU-C isinthe C-ACT date.

Reset the ATU-C, continuing initialization.

Send the R-ACK 3 signal to the ATU-C whilethe ATU-C isinthe C-ACT date.

Observable Results:
- The ATU-C should enter the C-QUIET3 state immediately following C-REVEILLE if
R-ACK1 was detected.
The ATU-C should enter the C-PILOT1A state immediately following C-REVEILLE if
R-ACK2 was detected.
The ATU-C should enter the C-PILOT1 state immediately following C-REVEILLE if
R-ACK3 was detected.
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4.3.2.2 Test # 4.042

Test Label: C_quiet3.transceiver_training.atu_c.dmt.adsl
Purpose: To verify that the ATU-C operates properly if in the C-QUIET 3 state.
References: ANSI T1.413-1998 section 9.4.2.

Resour ce Requirements:
ATU-C unit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: Following the C-REVEILLE dtate, the ATU-C shdl enter the C-QUIET3 state if R-
ACK1 was detected and loop timing is to be performed at the ATU-C.

NOTE: Thistest appliesonly to ATU-C’sthat meet the above requirements.

The C-QUIETS3 sate alows the ATU-C to measure the aggregate received upstream power on
subcarriers 7-18 of R-REVERB1 and calculate a downstream power spectral density (PSD). Whilein the
C-QUIETS state, the ATU-C starts a synchronization timer within 16 symbol periods after the detection
of the R-REVERB1 signal. Thistimer will be used to coordinate the transition of statesinthe ATU-C and
ATU-R. The ATU-C shal enter the C-REVERBL1 state 512 symbol periods after it has started its
synchronization timer. Thus, the duration of the C-QUIET3 signd is greater than 512 symbol periods
with a maximum value less than 4436 symbol periods. The exact duration is dependent on the duration of
R-QUIET2. The C-REVERBL1 state follows C-QUIET3.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C, sending C-ACT1 or C-ACT3 and R-ACK1 where appropriate (these
signals should cause the ATU-C to enter the C-QUIET 3 state).
Send the R-REVERB1 whilethe ATU-C isin the C-QUIET3 state.

Observable Results:
- The ATU-C should measure the received upstream power on sub-carriers 7-18.

The ATU-C should start a synchronization timer within 16 symbols of detecting the
R-REVERB1 signal.

The duration of the C-QUIET3 sighal should be between 512 and 4436 symbol periods.
The transition between ATU-C and ATU-R states should be synchronized from this point on.
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4.3.2.3 Test # 4.043

Test Label: c_pilotl.transceiver_training.atu_c.dmt.add
Purpose: To verify that the ATU-C operates properly in the C-PILOT1 state.
References: ANSI T1.413-1998 section 9.4.3.

Resour ce Requirements:
ATU-C unit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: Following the C-REVEILLE state, the ATU-C shdl enter the C-PILOT1 state if R-
ACK2 was detected.

NOTE: Thistest appliesonly to ATU-C’sthat meet the above requirements.

The C-PILOT1 signal is defined as a single frequency sinusoid where the frequency is 276kHz.
The C-PILOT1 state allows the ATU-C to measure the aggregate received upstream power on sub-carriers
7-18 of R-REVERB1 and calculate a downstream power spectral density (PSD). Whilein the C-PILOT1
state, the ATU-C starts a synchronization timer within 16 symbol periods after the detection of the R-
REVERB1 signal. Thistimer will be used to coordinate the transition of statesin the ATU-C and ATU-R.
The ATU-C shall enter the C-REVERBL state 512 symbol periods after it has started its synchronization
timer. Thus, the duration of the C-PILOT1 signal is greater than 512 symbol periods with a maximum
value less than 4436 symbol periods. The exact duration is dependent on the duration of R-QUIET2. The
C-REVERBI1 state follows C-PILOT1.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C, sending R-ACK2 where appropriate (these signals should cause the ATU-
C to enter the C-PILOT1 state).
Send the R-REVERB1 whilethe ATU-C isin the C-PILOT1 state.

Observable Results:
The ATU-C should measure the received upstream power on sub-carriers 7-18.
The ATU-C should start a synchronization timer within 16 symbols of detecting the
R-REVERBL1 signal.
The duration of the C-PILOT1 signal should be between 512 and 4436 symbol periods.
The transition between ATU-C and ATU-R states should be synchronized from this point on.
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4.3.2.4 Test # 4.044

Test Label: c_pilotlalc-quiet3atransceiver_training.atu_c.dmt.adsl
Purpose: To verify that the ATU-C operates properly in the C-PILOT1A\C-QUIET3A state.
References: ANSI T1.413-1998 sections 9.4.4 and 9.4.5.

Resour ce Requirements:
ATU-C unit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: Following the C-REVEILLE sate, the ATU-C shall enter the C-PILOT1A sate if
R-ACK1 was detected and loop timing is to be performed at the ATU-R.

NOTE: Thistest appliesonly to ATU-C’sthat meet the above requirements.

The C-PILOT1A sate alows the ATU-C to measure the aggregate received upstream power on
sub-carriers 7-18 of R-REVERB1 and calculate a downstream power spectral density (PSD). While in
the C-PILOT1A state, the ATU-C starts a synchronization timer within 16 symbol periods after detection
of the R-REVERB1 signal. Thistimer will be used to coordinate the transition of statesinthe ATU-C and
ATU-R.

The ATU-C exits the C-PILOT1A state and enters the C-QUIET3A state immediately following
the start of the synchronization timer. The ATU-C will remain in the C-QUIET3A state for 496 to 512
symbol periods. Thus, the total duration of both the C-PILOT1A and C-QUIET3A signasis greater than
512 symbol periods and has maximum value less than 4436 symbol periods. The exact duration is
dependent on the duration of R-QUIET2. C-PILOT1A is defined as a single frequency sinusoid at
276kHz. The C-REVERB1 state follows C-QUIET3A.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C, sending C-ACT2 or C-ACT4 and R-ACK1 where appropriate (these
signals should cause the ATU-C to enter the C-PILOT1 state).
Send the R-REVERB1 whilethe ATU-C isin the C-PILOT1A state.

Observable Results:
- The ATU-C should measure the received upstream power on sub-carriers 7-18.
The ATU-C should start a synchronization timer within 16 symbols of detecting the
R-REVERB1 signd, exit the C-PILOT1A state and enter the C-QUIET3A state.
The duration of both the C-PILOT1A\C-QUIET3A state should be between 512 and 4436
symbol periods.
The transition between ATU-C and ATU-R states should be synchronized from this point on.
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4.3.2.5 Test # 4.045

Test Label: C_reverbl.transceiver_training.atu_c.dmt.ads
Purpose: To verify that the ATU-C entersthe C-REVERBL state.
References: ANSI T1.413-1998 section 9.4.6.

Resour ce Requirements:
ATU-C unit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: The ATU-C should enter the C-REVERB1 sate following either the C-QUIETS,
C-PILOT1, o C-PILOT1A\C-QUIET3A date. The C-REVERB1 date alows the ATU-R receiver to
adjust its gain control. See the standard reference, section 9.4.6 for the periodic data pattern transmitted
during the C-REVERB1 state. The duration of the C-REVERB1 signal is 512 repeating symbol periods.
Following C-REVERB1, the ATU-C shall enter:
The C-QUIET4 state if R-ACK 1 was detected and loop timing is performed at the ATU-C
The C-PILOT2 state if R-ACK1 was detected and loop timing is performed at the ATU-C, or
if R-ACK2 was detected

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.

Observable Results:

- The ATU-C should enter the C-REVERB1 state immediately following the C-QUIETS,
C-PILOT1, or C-PILOT1A\C-QUIET3A dtate (the exact state previous to C-REVERB1 is
specific to any particular ATU-C).

The duration of the C-REVERB1 signal should be 512 repeating symbol periods (i.e., it isa
periodic signal).
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4.3.2.6 Test # 4.046

Test Label: C_quietd.transceiver_training.atu_c.dmt.adsl

Purpose: To verify that the ATU-C makes the proper transition from the C-REVERBL state to the
C-QUIET4 state if R-ACK 1 was detected and loop timing is to be performed at the ATU-C.

References: ANSI T1.413-1998 section 9.4.7.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: Following the C-REVERBL1 state, the ATU-C shall enter either the C-QUIET4 state or
the C-PILOT?2 state, depending on the ATU-C and the loop timing characteristics. The ATU-C shall enter
the C-QUIET4 state if R-ACK1 was detected and loop timing is performed at the ATU-C, i.e., C-ACT1 or
C-ACT3 was transmitted.

NOTE: Thistest appliesonly to ATU-C’sthat meet the above requirements.

The duration of the C-QUIET4 signa should be 3072 symbol periods. The C-ECT state
immediately follows C-QUIETA4.
Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.

Observable Results:
The ATU-C should enter the C-QUIET4 state immediately following the C-REVERBL state.
The duration of the C-QUIET4 signal should be 3072 symbol periods.
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4.3.2.7 Test # 4.047

Test Label: c_pilot2.transceiver_training.atu_c.dmt.add

Purpose: To verify that the ATU-C makes the proper transition from the C-REVERBL state to the
C-PILOT2 stateif R-ACK1 was detected and loop timing is to be performed at the ATU-R or if R-ACK2
was detected.

References: ANSI T1.413-1998 section 9.4.8.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: Following the C-REVERBI state, the ATU-C shall enter either the C-QUIET4 state or
the C-PILOT?2 state, depending on the ATU-C and the loop timing characteristics. The ATU-C shall enter
the C-PILOT?2 dtate if R-ACK 1 was detected and loop timing is performed at the ATU-R, i.e., C-ACT2 or
C-ACT34 was transmitted or if R-ACK2 was detected.

NOTE: Thistest appliesonly to ATU-C’sthat meet the above requirements.

The C-PILOT? is the same signal as C-PILOT1; a single frequency sinusoid at 276kHz is
transmitted. The duration of the C-PILOT2 signa should be 3072 symbol periods. The C-ECT state
immediately follows C-PILOT2.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.

Observable Results:
The ATU-C should enter the C-PILOT2 state immediately following the C-REVERBL1 state.
The duration of the C-PILOT2 signal should be 3072 symbol periods.
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4.3.2.8 Test # 4.048

Test Label: C_ect.transceiver_training.atu_c.dmt.adsl

Purpose: To verify that the ATU-C enters the C-ECT state immediately following either the
C-QUIET4 state or the C-PILOT?2 state.

References: ANSI T1.413-1998 section 9.4.9.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: The ATU-C shall enter the C-ECT state immediately following either the C-QUIET4
state or the C-PILOT2 state. The C-ECT dtate is vendor-designed signal used for training the echo
canceller at the ATU-C. The ATU-R receiver should ignore the signal. The duration of the C-ECT signd
isset at 512 symbol periods. The C-REVERB2 state immediately follows C-ECT.

It is recommended that sub-carriers 1-4 not be used for transmission of the C-ECT signal dueto
the tightly limited signal leakage through the POTSfilter. If sub-carriers 1-4 are used for transmission of
the C-ECT signal, they should be transmitted at a much lower power level.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.

Observable Results:
The ATU-C should enter the C-ECT state immediately following either the C-QUIET4 state
or the C-PILOT2.
The duration of the C-ECT signal should be 512 symbol periods.
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4.3.2.9 Test # 4.049

Test Label: c_reverb2.transceiver_training.atu_c.dmt.adsl
Purpose: To verify that the ATU-C enters the C-REV ERB2 state immediately following C-ECT.
References: ANSI T1.413-1998 section 9.4.10.

Resour ce Requirements:
ATU-C unit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: The ATU-C shall enter the C-REVERB2 state immediately following the C-ECT state.
The C-REVERB?2 dtate allows the ATU-R to train any receiver equalizers. The C-REVERB2 signd isthe
same as the C-REVERB1 signal. The duration of the C-REVERB2 signal is 1536 repeating symbols, i.e.,
it is a periodic signal. Depending on the loop timing characteristics, the ATU-C will enter either state
C-QUIET5 or C-PILOTS3.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.

Observable Results:
The ATU-C should enter the C-REVERB2 state immediately following the C-ECT.
The duration of the C-REVERB2 signal should be 1536 symbol periods.
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4.3.2.10 Test # 4.050

Test Label: C_quietS.transceiver_training.atu_c.dmt.adsl

Purpose: To verify that the ATU-C makes the proper transition from the C-REVERB?2 state to the
C-QUIETS stateif R-ACK1 was detected.

References: ANSI T1.413-1998 section 9.4.11.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: Following the C-REVERB2 state, the ATU-C shall enter either the C-QUIETS state or
the C-PILOT3 state. The ATU-C shall enter the C-QUIETS state if R-ACK 1 was detected earlier.

NOTE: Thistest appliesonly to ATU-C’sthat meet the above requirements.

The duration of the C-QUIETS signal should be 512 symbol periods. The C-REVERB3 state
immediately follows C-QUIETS.
Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.

Observable Results:
The ATU-C should enter the C-QUIETS state immediately following the C-REVERB2 state.
The duration of the C-QUIETS5 signal should be 512 symbol periods.
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4.3.2.11 Test # 4.051

Test Label: c_pilot3.transceiver_training.atu_c.dmt.add

Purpose: To verify that the ATU-C makes the proper transition from the C-REVERB2 state to the
C-PILOTS3 stateif R-ACK2 was detected.

References: ANSI T1.413-1998 section 9.4.12.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: Following the C-REVERB2 state, the ATU-C shall enter either the C-QUIETS state or
the C-PILOT3 state. The ATU-C shall enter the C-PILOT3 state if R-ACK2 was detected earlier.

NOTE: Thistest appliesonly to ATU-C’sthat meet the above requirements.

The C-PILOT3 is the same signal as C-PILOT1; a single frequency sinusoid at 276kHz. The
duration of the C-PILOT3 signa should be 512 symbol periods. The C-REVERB3 state immediately
follows C-PILOT3.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.

Observable Results:
The ATU-C should enter the C-PILOT3 state immediately following the C-REVERB?2 state.
The duration of the C-PILOT3 signal should be 512 symbol periods.
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4.3.2.12 Test # 4.052

Test Label: ¢ _reverb3.transceiver_training.atu_c.dmt.adsl

Purpose: To verify that the ATU-C enters the C-REV ERB3 state immediately following either the
C-QUIETS state or the C-PILOT3 state.

References: ANSI T1.413-1998 section 9.4.13.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: The ATU-C shadl enter the C-REVERB3 state immediately following either the
C-QUIETS5 state or the C-PILOT3 state. The C-REVERB3 stateis a second training signal, and alows the
ATU-R to further train any receiver equalizers and maintain synchronization. The C-REVERB3 signd is
the same as the C-REVERB2 signal. The duration of the C-REVERB3 signal is 1024 repeating symbols,
i.e,itisaperiodic signal. The C-SEGUEL state immediately follows C-REVERBS3.

NOTE: Following the C-REVERBS3 state, transceiver training will be complete and channel analysis
begins.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.

Observable Results:

The ATU-C should enter the C-REVERBS state immediately following either the C-QUIET5S
state or the C-PILOT 3 state.

The duration of the C-REVERB3 signal should be 1024 symbol periods.
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4.3.3 Channel Analysis

Scope:  The following tests cover the transition between states in the Channel Analysis section of the
ADSL DMT ATU-C initiaization sequence.

Overview: Thesetests are designed to verify the various state transitions and actions required during the
Channel Analysis section of the ADSL DMT ATU-C initialization sequence. The ATU-C shall reset to the
R-ACT-REQ state if atimeout occurs or if aany errors in the received control data are indicated by the
R-CRC1 and R-CRC2 checksums. Following successful completion of the Channel Analysis section,
Exchange begins. The Channdl Analysis state transitions are shown below.

ATU-C
C-RATESI,
C-CRC1,
C-SEGUE1 C-MSGS1 and C-MEDLEY
C-CRC2
ATU-R
R-RATES1,
R-CRC1,
R-SEGUE1 R-REVERB3 R-SEGUE2 R-MSGS1 and R-MEDLEY
R-CRC2
Tim e wp
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4.3.3.1 Test # 4.053

Test Label: ¢_seguel.channel_analysis.atu_c.dmt.add

Purpose: To verify that the ATU-C enters the C-SEGUE1 state immediately following
C-REVERB3.

References: ANS| T1.413-1998 section 9.6.1.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: The C-SEGUEL signal is generated by a tone by tone 180 degree phase reversal of
C-REVERB1. The C-SEQUEL signal is periodic, and has a duration of the 10 symbol periods. The
C-RATES] state immediately follows C-SEGUEL.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.

Observable Results:
The ATU-C should enter the C-SEGUEL state immediately following the C-REVERBS3 state.
The duration of the C-SEGUEL signal should be 10 symbol periods.
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4.3.3.2 Test # 4.054

Test Label: c_ratesl.channel_analysis.atu_c.dmt.adsl

Purpose: To verify that the ATU-C entersthe C-RATESI state immediately following
C-SEGUEL.

References: ANSI T1.413-1998 section 9.6.2.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: The C-RATESL signa is used to transmit four downstream data rate options to the
ATU-R. Thefour options and their respective data fields are shown in the table below.

Option 1 Option 2 Option 3 Option 4

Pre- Bf Bi RRS Bf Bi RRS Bf Bi RRS Bf Bi RRS
fix D D D D

# of 4 10 10 10 10 10 10 10 10 10 10 10 10
bytes

Each byte of the Bf field specifies the number of bytes in the fast buffer in a particular
downstream sub-channdl, in the order ASO, AS1, AS2, AS3, LSO, LS1, LS2, and in a particular upstream
channel inthe order LSO, LS1, LS2. The Bi field represents the same quantities for the interleaved buffer.

The RRSD (or { RSf, RSi, S, D, FS(LS2)} )field consists of five bytes: the RSf field defines the
number of parity bytes per symbol in the downstream fast buffer, RSi field defines the number of parity
bytes per symbol in the downstream interleaved buffer, the S field defines the downstream number of
symbols per codeword, the D field defines the downstream interleave depth, and the FS(LS2) field is a
byte consisting of eight zeros. These same five quantities are also used for the upstream channel.

All fields are transmitted least significant bit first. The C-RATESL signal istransmitted 1 bit per
symbol, therefore the total duration of the C-RATESL signal is 992 symbol periods (because there are
992 total bitsin the C-RATESL signal). The ATU-C shall enter the C-CRC1 state immediately following
R-RATESL.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.

Observable Results:
The ATU-C should enter the C-RATESL state immediately following the C-SEGUEL1 state.
The duration of the C-RATESL signal should be 992 symbol periods.
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4.3.3.3 Test # 4.055

Test Label: c_crcl.channel_analysis.atu_c.dmt.ads
Purpose: To verify that the ATU-C entersthe C-CRCL state immediately following C-RATESL.
References: ANSI T1.413-1998 section 9.6.3.

Resour ce Requirements:
ATU-C unit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: The C-CRC1 signal is 16 bit check signal used for detection of errors in the reception
of C-RATES] at the ATU-R. The duration of the C-CRC1 signa is 16 symbol periods. The ATU-C shall
enter the C-MSGS1 state immediately following C-CRCL1.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.

Observable Results:
The ATU-C should enter the C-CRCL state immediately following C-RATESL.
The duration of the C-CRC1 signal should be 16 symbol periods.
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4.3.3.4 Test # 4.056

Test Label: ¢_msgsl.channel_analysis.atu_c.dmt.adsl
Purpose: To verify that the ATU-C entersthe C-MSGSL1 state immediately following C-CRC1.
References: ANSI T1.413-1998 section 9.6.4.

Resour ce Requirements:
ATU-C unit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: The C-MSGS1 signd is a 48 bit message, m = {m47, m46, .... m1, mO}, containing
initialization information. The least significant bit, mO, is transmitted first. The fields of the C-MSGS1
signal are defined by the table below.

Suffix(ces) of mi | Parameter

47-44 Minimum required SNR margin
43-28 Vendor Identification

27,26 Reserved for future use

25-23 T1.413-1998 revision number
22-18 Vendor revision number

17 Trellis coding option

16 Echo cancelling option

15 Expanded Exchange Sequence

14 Reserved for future use

13-12 Set to { 0,0}

11 Network Timing Reference

10-9 Framing structure

8-6 Transmit PSD during initialization
5-4 Reserved for future use

3-0 Maximum number of bits per sub-carrier

NOTES. 1. All bits “reserved for future use” shall be set to 0.
2. Within the separate fields the lowest subscripts shall be the least significant bits.

For more information on the fields of the C-MSGSL signal, see the standard reference, section
9.6.4. The C-MSGS1 signa will be 48 symbol periods long, where each bit is encoded as a symbol. The
ATU-C shall enter the R-CRC2 state immediately following C-M SGS1.
Test Setup: Test setup 1.

Procedure:
Reset the ATU-C, continuing initialization.
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Observable Results:
The ATU-R should enter the C-M SGSL1 state immediately following the C-CRC1 state.
The duration of the C-MSGS signal should be 48 symbol periods (because there are a total of 48
bits).
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4.3.3.5 Test # 4.057

Test Label: c_crc2.channel_anaysis.atu_c.dmt.adsl
Purpose: To verify that the ATU-C enters the C-CRC2 state immediately following C-M SGS1.
References: ANSI T1.413-1998 section 9.6.5.

Resour ce Requirements:
ATU-C unit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: The C-CRC2 signal is a 16 bit check signal used for detection of errorsin the reception
of C-MSGSL1 at the ATU-R. The duration of the C-CRC2 signal is 16 symbol periods. The ATU-C shall
enter the C-MEDLEY stateimmediately following C-CRC2.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.

Observable Results:
The ATU-C should enter the C-CRC2 state immediately following C-M SGSL.
The duration of the C-CRC2 signal should be 16 symbol periods.

107



4.3.3.6 Test # 4.058

Test Label: ¢_medley.channel_analysis.atu_c.dmt.addl
Purpose: To verify that the ATU-C entersthe C-MEDLEY stateimmediately following C-CRC2.
References: ANSI T1.413-1998 section 9.6.6.

Resour ce Requirements:
ATU-C unit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: The C-MEDLEY signal is aused for estimation of the downstream signal-to-noise ratio
(SNR) at the ATU-R. The duration of the C-MEDLEY signal is 16384 symbol periods. See the standard
reference, section 9.6.6, for details. The ATU-C shall enter the C-REVERB4 state immediately following
C-MEDLEY.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.

Observable Results:
The ATU-C should enter the C-MEDLEY state immediately following C-CRC2.
The duration of the C-MEDLEY signal should be 16384 symbol periods.
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4.3.3.7 Test#4.059

Test Label: c_reverb4d.channel_analysis.atu_c.dmt.adsl

Purpose: To verify that the ATU-C entersthe C-REV ERB4 state immediately following
C-MEDLEY.

References: ANSI T1.413-1998 section 9.6.7.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: The C-REVERB4 signal is similar to C-REVERB2, with the addition of cyclic prefix
added to every symbol. The duration of the C-REVERB4 signal has no set value, athough it is limited to
less than 6000 symbol periods. If the ATU-C does not detect the R-CRC4, or R-CRC-RA2, within the
6000 symbol period limit, the ATU-C shall timeout and reset to C-QUIET1. The ATU-C shal continueto
transmit the C-REVERB4 signal for an additional 80 symbol periods once R-CRC4 or R-CRC-RA2 has
been detected. The ATU-C shall enter the C-SEGUE2 signal following C-REVERBA4.

NOTE: The C-REVERB4 state extends into the Exchange sequence.

NOTE: The start of the transmission of the C-REVERB4 signal marks completion of channel analysis.
Exchange begins during the transmission of C-REVERBA4.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.

Observable Results:
- The ATU-C should enter the C-REVERBA4 state immediately following C-MEDLEY .
The duration of the C-REVERB4 signal should be |ess than 6000 symbol periods.
If the signals R-SEGUE3 or R-CRC-RA2 are not detected within 6000 symbol periods, the
ATU-C should reset to state C-QUIET 1.
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4.3.4 Exchange

Scope: The following tests cover the transition of states in the exchange section of ADSL DMT ATU-C
initialization sequence.

Overview: These series of tests are designed to verify the transitions from state to state during the
exchange section of ATU-C initidlization. The diagram below demonstrates the expanded exchange
seguence (EES) which will be used if both the ATU-C and ATU-R have a set hit 15to 1 in C-MSG1 and
R-MSG1 respectively. If bit 15issetto 0in C-MSG1 and R-MSG1, then EES will be bypassed, which is
called short exchange sequence or SES. The ATU-C will reset to state C-QUEIT1 timeouts or errors are
detected by a CRC checksum. Exchangeis partly synchronized between the ATU-C and ATU-R and partly
interactive. Timeouts in states C-REVERB4 ( >6000 symbols), C-REVERB-RA, and C-REVERBS5 (both
>4000 symbols) occur. These states could be considered the interactive part. The diagram below
demonstrates the state transitions.

ATU-C Time ATU-R
1 R-SEGUE3
C-REVERB4 ;
R-MSG-RA,
R-CRC-RAT1,
EES R-RATES-RA and
C-SEGUE2 R-CRC-RA2
C-RATES-RA SES
. AL SES
C-CRC-RA1,
C-MSG-RA and R-REVERB-RA
C-CRC-RA2 EES
R-SEGUE-RA
SES
C-REVERB-RA R-MSG2,
) _ R-CRC3,
R-RATES2 and
EES R-CRC4
C-SEGUE-RA
C-MSG 2,
CrarEs: R-REVERB5
C-RATES?2, -
C-CRC#4,
C-B&G and
C-CRC5
R-SEGUE4
C-REVERB5 fBAG and
R-CRC5
C-SEGUES3 R-REVERBS6
R-SEGUES5
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4.3.4.1 Test # 4.060

Test Label: C_segue2.exchange.atu_c.dmt.add

Purpose: To verify that the ATU-C enters the C-SEGUEZ2 state immediately following
C-REVERBA4.

References: ANSI T1.413-1998 section 9.8.2.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: The C-SEGUEZ2 signal is the same as the C-SEGUEL1 signal with the addition of a cyclic
prefix. The duration of the C-SEGUE2 signal is 10 symbol periods. Following C-SEGUE2, the ATU-C
shall enter the state C-RATES-RA to begin exchange of ratesif the expanded exchange sequence (EES) is
being used. If the EES is not being used, the ATU-C shall skip the “rate adaptation” sequence and enter
state C-MSGS2.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.

Observable Results:
The ATU-C should enter the C-REVERBA4 state immediately following C-MEDLEY .
The duration of the C-REVERB4 signal should be |ess than 6000 symbol periods.
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4.3.4.2 Test#4.061

Test Label: C_rates ra.ees.exchange.atu_c.dmt.adsl
Purpose: To verify that the ATU-C enters the C-RATES-RA state immediately following the
C-SEGUEZ2 state in the expanded exchange sequence.

References: ANSI T1.413-1998 section 9.8.3.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: The purpose of C-RATES-RA isto send four new options for transport configuration in
both the downstream and upstream directions. These options are based on the channel information
received in R-MSG-RA. Theformat of C-RATES-RA issimilar to C-RATESL, where the 4 byte prefix is
not transmitted. The table below shows these options and their respective datafields.

Option 1 Option 2 Option 3 Option 4
Bf Bi RRS Bf Bi RRS Bf Bi RRS Bf Bi RRS
D D D D
# of 10 10 10 10 10 10 10 10 10 10 10 10
Bytes

The RRSD field is defined in the below table. There are 5 bytes for the downstream direction and 5 bytes
for the upstream direction, hence the 10 total bytes for the field.

Bit Number
Fields | 7 | 6 | 5 | 4 | 3 | 2 1 | o
S 0 0 # of parity bytes per symbol in fast buffer
msb Isb
RS B8* 0 # of parity bytes per symbol in interleave buffer
msb Isb
S D9 D8 # of symbolsin codeword
msb Isb
D D7 D6 D5 | D4 | D3 | D2 | D1 | DO
FS(L S2) Value of FS(L S2) set to { 00000000}

* msb of Bi(AS0), # of payload bytesin the ASO bearer channel interleave buffer

The D field indicates the interleave depth in codewords. The two msh's of the depth code
word are contained in bits 7 and 6 of the S field, while the remainder of the depth codeword
bitsresidein the D field.

For more information, refer to reference standard section 9.8.3.

The duration of C-RATES-RA is 120 symbols, where each symbol is 8-bits long. Immediately following
this state, the ATU-C shall enter state C-CRC-RAL.
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Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.
Set bit 15 = 1 of message C-M SGS1 and message R-M SGS1 for EES mode.

Observable Results:
The ATU-C should enter the C-RATES-RA state immediately following C-SEGUE2
in the expanded exchange sequence.
The duration of the C-RATES-RA signal should be 120 symbol periods.
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4.3.4.3 Test # 4.062

Test Label: c_crc_ral.ees.exchange.atu_c.dmt.adsl

Purpose: To verify that the ATU-C enters the C-CRC-RA1 state immediately following
C-RATES-RA while in expanded exchange sequence.

References: ANSI T1.413-1998 section 9.8.4.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: C-CRC-RAL1 is a cyclic redundancy check (CRC) for the detection of errors in the
reception of C-RATES-RA at the ATU-R. It'srelation to C-RATES-RA1 is the same as C-CRC3 is to
C-MSG2. It shall be transmitted in 2 symbols, where each symbol is 8-bits long (16-bits total). The
ATU-C shall enter state C-M SG-RA following C-CRC-RA L.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.
Set bit 15 =1 in message C-M SGS1 and in message R-M SGS1for EES mode.

Observable Results:
The ATU-C should enter the state C-CRC-RA 1 immediately following C-RATES-RA.
The duration of the C-CRC-RA1 signa should be 2 symbol periods.
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4.3.4.4 Test# 4.063

Test Label: C_msg_ra.ees.exchange.atu_c.dmt.adsl

Purpose: To verify that the ATU-C enters the C-MSG-RA state immediately following
C-CRC-RA1 in expanded exchange sequence.

References: ANS T1.413-1998 section 9.8.5.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: C-MSG-RA has the same format as C-MSG1. The bit assignments are as shown in the
table below.
Suffix(ces) of mi Parameter
47-44 New minimum required signal to noise ratio margin
43-0 Reserved for future use (set to 0)

Within the separate fields the Isb’ s have the lowest subscript

The 48-bit message is transmitted in 6 symbols, where each symbol is 8-bitslong. The ATU-C shall enter
state C-CRC-RAZ2 following C-M SG-RA.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.
Set bit 15 =1 of message C-M SGS1 and message R-M SGSL1 for EES mode.

Observable Results:
The ATU-C should enter the state C-M SG-RA immediately following C-CRC-RA1.
The duration of the C-M SG-RA signal should be 6 symbol periods.
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4.3.45 Test # 4.064

Test Label: c_reverb_ra.ees.exchange.atu_c.dmt.add

Purpose: To verify that the ATU-C enters the C-CRC-RA2 state immediately following state
C-MSG-RA, and from state C-CRC-RAZ2 to state C-REVERB-RA.

References: ANS T1.413-1998 sections 9.8.6 and 9.8.7.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: C-CRC-RA2isacyclic redundancy check for the detection of errorsin the reception of
C-MSG-RA at the ATU-R. ltsrelation to C-MSG-RA is the same as C-CRC3 isto C-MSG2. It will be
transmitted in 2 symbols, where each symbol is 8-bits long. Following state C-CRC-RAZ2 is state
C-REVERB-RA.

C-REVERB-RA isthe same a C-REVERB4. The ATU-C will timeout within 4000 symbols and
reset to C-QUIET1 if R-SEGUE-RA is not detected from the ATU-R. If the ATU-C detects R-CRC4, it
will transmit C-REVERB-RA for at least another 80 symbols before moving to state C-SEGUE-RA.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.
Set bit 15 =1 of message C-M SGS1 and message R-M SGSL1 for EES mode.
Allow C-REVERB-RA to time out at 4000 symbol periods.

Observable Results:
- The ATU-C should enter the state C-CRC-RA2 immediately following state C-M SG-RA.

The duration of C-CRC-RA2 should be 2 symbol periods.
The ATU-C should enter the state C-REVERB-RA immediately following state C-CRC-RA2.
The ATU-C should reset to state C-QUIET1 within 4000 symbols if R-SEGUE-RA is not
detected.
The ATU-C should transmit C-REVERB-RA for at least another 80 symbols before shifting
to state C-SEGUE-RA.

116



4.3.4.6 Test # 4.065

Test Label: Cc_msgs2.exchange.atu_c.dmt.adsl

Purpose: To verify that state C-SEGUE-RA immediately follows state C-REVERB-RA. Also to
test if C-MSGS2 immediately follows state C-SEGUE-RA if EES is selected in state C-SEGUE2, or if
C-MSGS2 immediately follows state C-SEGUEZ2 if EESis not selected.

References: ANSI T1.413-1998 sections 9.8.8 and 9.8.9.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: C-SEGUE-RA is the same as C-SEGUE2. C-SEGUE-RA will transition to state
C-MSGS2. If EESis not selected while in state C-MSGSL, the transition will be from state C-SEGUE2
to state C-MSGS2. State C-MSGS2 sends a 32-bit signal to the ATU-R. This message specifies the total
number of bits per symbol supported, the performance margin with the selected rate option, and the
estimated upstream loop attenuation. The message is defined as m = {m31,m30,.....,m1,m0}, where m0 is
transmitted first. The table below shows the bit assignments for the 32-bit message.

Suffix(ces) of mi Parameter
31-26 Estimated average |oop attenuation
25-21 Reserved for future use (set to 0)
20-16 Performance margin with selected rate option
15-9 Reserved for future use (set to 0)
8-0 Total number of bits supported

Estimated average upstream loop attenuation is the calculation of the upstream channel gain of
each sub-channel for computing the SNR for each tone and also the calculation of the average loop
attenuation. The performance margin with selected rate option field is where the ATU-C selects one of
the rates options sent from the ATU-C during C-RATESL if EES was not selected or during C-RATES-RA
if EES was selected. The total number of bits supported field is where the ATU-C receiver calculates the
maximum number of bits per symbol the upstream channel can support with the performance margin
defined locally (oam interface) at an error rate of 10 . For more information, refer to reference
standard section C-M SGS2.

This signal is transmitted in 4 symbol periods, where each symbol is 8-bits long. The least
significant byte of the signal is sent first. The ATU-C will enter state C-CRC3 following state C-M SGS2.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.
Set bit 15 =1 of message C-M SGS1 and message R-M SGS1 for EES mode.
Repeat this process, only setting bit 15 of message C-MSGS1 or message R-MSGS1=0.
Possibly test 32-bit pattern transmitted by ATU-C while in state C-M SGS2.
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Observable

Results:

The ATU-C should enter the state C-SEGUE-RA immediately following state
C-REVERB-RA.

The duration of C-SEGUE-RA should be 10 symbol periods.

The ATU-C should enter the state C-MSGS2 immediately following state C-SEGUE-RA if
EES s selected in state C-M SGS1.

The ATU-C should enter the state C-MSGS2 immediately following state C-SEGUE2 if SES
is selected.

The duration of C-M SGS2 should be 4 symbol periods.

The signal transmitted by the ATU-C during state C-M SGS2 should be 32-bits.
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4.3.4.7 Test # 4.066

Test Label: c_crc3.exchange.atu_c.dmt.adsl

Purpose: To verify that the ATU-C enters the C-CRC3 state immediately following state
C-MSGS2.

References: ANSI T1.413-1998 section 9.8.10.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: State C-CRC3 is a cyclic redundancy check for the detection of errors in the reception
of the C-MSGS2 signal at the ATU-R. The cyclic redundancy check polynomials g(D) and c(D) are the
same asin state C-CRC1 (refer to reference standard section 9.6.3). The 16-bit signal transmitted by the
ATU-C during state C-CRC3 has a duration of 2 symbol periods, where each symbol is 8-bitslong. After
the ATU-C has finished transmitting C-CRCS, it will enter state C-RATES2.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.

Observable Results:
The ATU-C should enter the state C-CRC3 immediately following state C-MSGS2.
The duration of C-CRC3 should be 2 symbol periods.
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4.3.4.8 Test # 4.067

Test Label: c_rates2.exchange.atu_c.dmt.add

Purpose: To verify that the ATU-C enters the C-RATES2 state immediately following state
C-CRC3.

References: ANSI T1.413-1998 section 9.8.11.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signal
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: If EESisused C-RATES2 isthereply to R-RATES-RA. If SESisused C-RATES2 isthe
reply to R-RATESL. C-RATES2 combines the selected upstream option and the selected downstream
option, thus being the final decision on the rates to be transmitted in both directions. However, the ATU-
C can change the downstream option that was selected in R-RATES2. The C-RATES2 signal is 8-hits
long; the bit patterns are as shown in the table below.

(Downstream, Upstream) Bit pattern for C-RATES2 (M SB first)
(option 1, option 1) 00010001
(option 1, option 2) 00010010
(option 1, option 3) 00010100
(option 1, option 4) 00011000
(option 2, option 1) 00100001
(option 2, option 2) 00100010
(option 2, option 3) 00100100
(option 2, option 4) 00101000
(option 3, option 1) 01000001
(option 3, option 2) 01000010
(option 3, option 3) 01000100
(option 3, option 4) 01001000
(option 4, option 1) 10000001
(option 4, option 2) 10000010
(option 4, option 3) 10000100
(option 4, option 4) 10001000

All optionsfail 00000000

Other bit patterns are not specified and will be for later use. If the options are requested during
C-RATESL or C-RATES-RA (EES) cannot be implemented, the ATU-C will return to state C-QUIET1 for
retraining. C-RATES2 lastsfor only one symbol period. The ATU-C should transition to state C-CRC3.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.
Set bit 15 =1 of message C-M SGS1 and message R-M SGS1 for EES mode.
Try again, setting bit 15 = 0 of message C-M SGS1 or message R-M SGS1 for SES mode.
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Test the bit pattern transmitted by the ATU-C while in state C-RATES2.
Retry again, this time (if possible) set states C-RATES2 or C-RATES-RA so none of the
options requested can be implemented. Try thisfor both with EES and SES.

Observable Results:
The ATU-C should enter the state C-RATES2 immediately following state C-CRC3.
The duration of C-CRC-RA2 should be 1 symbol period.
The ATU-C should enter the state C-QUIETL1 if states C-RATES2 or C-RATES-RA select
none of the options.
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4.3.4.9 Test # 4.068

Test Label: c_crcd.exchange.atu_c.dmt.adsl

Purpose: To verify that the ATU-C enters the C-CRC4 state immediately following state
C-RATES2.

References: ANSI T1.413-1998 section 9.8.12.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: C-CRC4 is a cyclic redundancy check for the detection of errors in the reception of
C-RATESZ at the ATU-R. The relationship between C-CRC4 and C-RATES2 is the same as C-CRC3 and
C-MSGS2. State C-CRC4 transmits a 16-bit signal in 2 symbol periods, where each symbol is 8-bits
long. The ATU-C will enter state C-B& G following state C-CRCA.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.

Observable Results:
The ATU-C should enter the state C-CRC4 immediately following state C-RATESL.
The duration of C-CRC4 should be 2 symbol periods.
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4.3.4.10 Test # 4.069

Test Label: ¢_b&g.exchange.atu c.dmt.add
Purpose: To verify that the ATU-C entersthe C-B& G stateimmediately following state C-CRCA4.
References: ANSI| T1.413-1998 section 9.8.13.

Resour ce Requirements:
ATU-C unit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: State C-B& G is used to transmit to the ATU-R the bits and gains information which are
used on the upstream carriers. They have the form {b1,g1,b2,g2,....,b31,g31}. bi indicates the number of
bits to be coded by the ATU-R transmitter onto thei th upstream carrier. bi is represented as an unsigned
4-bit integer with the index of 0 to Nmax. Nmax is the maximum number of bits that the ATU-R is
prepared to adjust onto any sub-carrier (communicated in R-MEDLEY).

g defines the scale factor, relative to the gain that was used for that carrier during the
transmission of R-MEDLEY, that will be applied to the i th upstream carrier. Every g will be a 12-bit
fixed-point number in which the binary point is placed just before the third msh. Asaquick example, let’'s
say gi was 001.010000000.

b0,g0 and b32,g32 are presumed zero and not transmitted because no bits or energy will be
transmitted at DC or one-half sampling rate. b16 will be set to 0 and g16 will be set to 1 because
sub-carrier 16 is reserved as pilot carrier. For more information, refer to reference standard section
9.8.13.

The C-B&G information will be mapped into a 496-bit message defined by the expression m =
{m495,m494,....m1,m0} = {g31,b31,....,g1,b1}. Transmitted first is mO, while the msb g and b in the
higher m index. The duration of C-B&C will be 62 symbol periods, where each symboal is 8-bits long.
The ATU-C will then enter state C-CRCS.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.

Observable Results:
The ATU-C should enter the state C-B& G immediately following state C-CRCA.
The duration of C-B& G should be 62 symbol periods.
Possibly observethe gi and bi bit patterns.
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4.3.4.11 Test #4.070

Test Label: c_crch.exchange.atu_c.dmt.adsl
Purpose: To verify that the ATU-C entersthe C-CRC5 state immediately following state C-B& G.
References: ANSI| T1.413-1998 section 9.8.14.

Resour ce Requirements:
ATU-C unit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: C-CRC5 is a cyclic redundancy check for the detection of errors in the reception of
C-B&G at the ATU-R. The relationship between C-CRC5 and C-B&G is the same as C-CRC3 and
C-MSGS2. State C-CRCS5 transmits a 16-bit signal in 2 symbol periods, where each symbol is 8-bits
long. The ATU-C will then enter the state C-REVERBS.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.

Observable Results:
The ATU-C should enter the state C-CRC5 immediately following state C-B& G.
The duration of C-CRC5 should be 2 symbol periods.
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4.3.4.12 Test#4.071

Test Label: c_reverb5.exchange.atu_c.dmt.adsl

Purpose: To verify that the ATU-C enters the C-REVERB5S state immediately following state
C-CRCS.

References: ANSI T1.413-1998 section 9.8.15.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: State C-REVERBS is basicaly the same as C-REVERB4 except for the fact that the
maximum duration of C-REVERBS5 is 4000 symbol periods. The duration of C-REVERBS depends on the
state of the ATU-R and the internal processing of the ATU-C. C-REVERBS5 will be transmitted by the
ATU-C until it has received, checked the reliability of, and established in the ATU-C transmitter the
downstream bits and gains information contained in the R-B& G signal. |If this does not occur within 4000
symbol periods, the ATU-C will timeout and reset to C-QUIET1. As soon as the ATU-C prepared to
transmit according to the conditions specified in R-B& G, it will enter the state C-SEGUES.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continueinitialization.
Retry this again, only this time make sure ATU-C does not receive the R-B& G sighal within
4000 symbol periods.

Observable Results:
The ATU-C should enter the state C-REVERBS immediately following state C-CRCS5.
The duration of C-REVERBS depends on the state of the ATU-R and the internal processing
of the ATU-C.
The ATU-C should timeout to state C-QUIET1 if R-B&G is not received, checked and
established within 4000 symbol periods.
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4.3.4.13 Test #4.072

Test Label: C_segue3.exchange.atu_c.dmt.add

Purpose: To verify that the ATU-C enters the C-SEGUES state immediately following state
C-REVERBS.

References: ANSI T1.413-1998 section 9.8.16.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C
Device capable of capturing and viewing the output of the ATU-C

Discussion: The purpose of state C-SEGUE3 isto notify the ATU-R that the ATU-C is about to enter
the steady-state signalling state C-SHOWTIME. The signa C-SEGUE3 is the same as the signal
C-SEGUE2. C-SEGUES3 lasts for 10 symbol periods. The ATU-C will then enter the state
C-SHOWTIME, signifying that initialization has been compl eted.

Test Setup: Test setup 2.

Procedure:
Reset the ATU-C and continue initialization.

Observable Results:
The ATU-C should enter the state C-SEGUES immediately following state C-REVERBS.
The duration of C-SEGUE3 should be 10 symbol periods.
The ATU-C should enter the state C-SHOWTIME after C-SEGUES has been compl eted.
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4.3.5 ATU-C State Transitions

Scope: These tests cover the basic state transitions in the ATU-C required for interoperability with other
interpretations of ANSI T1.413-1998.

Overview: These tests are designed to provide a basic layout of the states that need to be supported in
order for some degree of interoperability capability to be achieved. A device that “passes’ these tests
provides a reasonable indication of normal operation procedure conformanceto ANSI T1.413-1998 from
power-up to steady state data transmission. Although correct exchange of initialization signals are
necessary for interoperation, most of these procedures are contained within only one of the ATU-C's
states. The state diagram for the ATU-C is shown below, with optional states and tests shown in italics,
received signals from the ATU-R are preceded with a r:, and host controller command signals are

preceded with ac:

retry and timeout

c:idle_monitor

persistant
LOS or LOF

C-RESYNC
ADSL Test 4.208

lof-rs

Power on

C-SELFTEST
ADSL Test 4.201

C-UNIT-FAIL
ADSL Test4.203

c:activate

ADSL Test 4.202

ADSL Test4.205

c:activate

C-ACTIVATE/INIT/TRAIN
ADSL Test 4.204

persistant c:idle_ignore
LOS or LOF

persistant
LOS or LOF

C-RETRAIN
ADSL Test 4.209

success

success

C-SHOWTIME
ADSL Test 4.207
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4.3.5.1 Test#4.201

Test Label: c_selftest.state_machine.atu_c.dmt.adsl
Purpose: To verify the state transitions while the ATU-C isin the C-SELFTEST state.
References: ANSI T1.413-1998 Annex A.

Resour ce Requirements:
ATU-C unit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C

Discussion: Upon power-up, the ATU-C shall enter the C-SELFTEST state. Performing an actual
diagnostic test during the C-SELFTEST dtate is optional, however, a SELFTEST state must exist. If the
device performs adiagnostic test and “ passes’ the device shall enter the C-QUIET1 state. If, however, the
devices “fails’ the diagnostic test it shall enter the C-UNIT-FAIL state. If the vendor decides not to
perform a diagnostic test during the C-SELFTEST state, the device may automatically “pass’ and continue
to the C-QUIET1 state at the vendor’ s discretion.

The state diagram for the ATU-C is shown in the test header.

Test Setup: Test Setup 3.

Procedure:
Power up the UUT.

Observable Results:

- Depending on the vendor's implementation, the UUT shall advance to the C-UNIT-FAIL
state only if a diagnostic test was performed and the unit failed. Otherwise, the UUT shall
enter the C-QUIET1 state if @) the UUT performed a diagnostic test and passed, or b) the
vendor chose not perform a diagnostic at all.

128



4.3.5.2 Test # 4.202

Test Label: C_quietl.state machine.atu c.dmt.add
Purpose: To verify the state transitions while the ATU-C isin the C-QUIET1 state.
References: ANSI T1.413-1998 Annex A.

Resour ce Requirements:
ATU-C unit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C

Discussion: Upon power up, the ATU-C shall transition from the C-SELFTEST state to the
C-QUIETL1 state only if the UUT has passed an optional diagnostic self test, or if the vendor has decided
not to include a diagnostic test in their implementation.

Whilein the C-QUIET1 state, the ATU-C shall monitor for a host control command signal or for
an activation regquest by the ATU-R. The host control command signal c:idle_ignore shall causethe ATU-
C to transition from the C-QUIET1 state to the C-IDLE state. Upon reception of the R-ACT-REQ signal
the ATU-C to enter the C-ACTIVATE/INIT/TRAIN state in which normal initiaization procedures take
place. No other events shall cause the ATU-C to transition from the C-QUIET1 state, except, of course,
for power loss, in which case the ATU-C shall reenter the C-SELFTEST state. The C-QUIETL1 state is, or
C-QUIET1 signal, is defined as zero output voltage from the digital to analog converter (i.e., transmitter
OFF, receiver ON).

Test Setup: Test setup 3.

Procedure:
- Power up the UUT.

When the UUT enters the C-QUIETL1 state, adlow the ATU-R to transmit the R-ACT-REQ

signal.

Power off the UUT and power it back up.

When the UUT enters the C-QUIET1 state, transmit the host control command signal

c:idle_ignore.

Observable Results:
- Upon reception of the R-ACT-REQ signa, the UUT should enter the
C-ACTIVAT/INIT/TRAIN state and begin normal initialization procedures.
When the UUT is reset and the host control command signal is transmitted, the UUT should
enter the C-ILDE state.
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4.3.5.3 Test # 4.203

Test Label: c_unit_fail.state machine.atu_c.dmt.adsl
Purpose: To verify the state transitions while the ATU-C isin the C-UNIT-FAIL dtate.
References: ANSI T1.413-1998 Annex A.

Resour ce Requirements:
ATU-C unit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C

Discussion: The ATU-C shdl only enter the C-UNIT-FAIL state if the ATU-C fails the optional
vendor defined diagnostic self test. Whilein the C-UNIT-FAIL state, the UUT shall transition back to the
C-SELFTEST stateif the host control command signal c:selftest isreceived. The UUT shall also respond
to the host control command signal c:activate, in which case it shall transition to the C-IDLE state.
Operation during the C-UNIT-FAIL state is vendor discretionary. The UUT may simply monitor the host
control channel only, or it may opt to transmit the self test results to the host controller.

Test Setup: Test setup 3.

Procedure:
Power up the UUT.
Force the UUT into the C-UNIT-FAIL state, perhaps by disconnecting it from the ATU-R or
device acting asthe ATU-R.
Send the host control command signal c:selftest.
Reset the UUT, forcing the C-UNIT-FAIL state.
Send the host control command signal c:activate.

Observable Results:
- TheUUT should reenter the C-SELFTEST stateif the host control command signal c:selftest
isreceived.
The UUT should enter the C-IDLE state if the host control command signal c:activate is
received.
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4.3.5.4 Test # 4.204

Test Label: c_activate init_train.state machine.atu_c.dmt.adsl

Purpose: To verify the state transitions while the ATU-C is in the C-ACTIVATE/INIT/TRAIN
state.

References: ANSI T1.413-1998 Annex A.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C

Discussion: The C-ACTIVATE/INIT/TRAIN state consists of the ATU-C transmitting the C-ACT
signal followed by the C-QUIET2 signal. The ATU-C shall continue with normal initialization procedures
if the R-ACK (1 or 2) signa is detected within 128 symbol periods (the duration of C-QUIET?2). If
initialization procedures are successful, the ATU-C shall enter the C-SHOWTIME state, in which normal
steady state data transmission takes place. For every attempt at initialization that fails, a counter
(initialized upon entrance into the C-ACTIVATE/INIT/TRAIN state) shall be decremented. When the
counter reaches zero the ATU-C shall abort initialization and transition back to the C-QUIET1 state. In
addition, the host control command signal c:idle ignore shall cause the ATU-C to transition to the C-
IDLE state.

Test Setup: Test setup 3.

Procedure:
Power up the UUT.
Send the (or allow passage of) the R-ACT-REQ signal, forcing the c-
ACTIVATE/INIT/TRAIN date.
Send the host control command signal c:idle_ignore whilein the C-ACTIVATE/INIT/TRAIN
state.
Reset the ATU-C, forcing the C-ACTIVATE/INIT/TRAIN state.
Disrupt the initiaization process (powering down the ATU-R perhaps) until the ATU-C
initialization fail counter reaches zero.
Reset the ATU-C, forcing the C-ACTIVATE/INIT/TRAIN state.
Allow the ATU-C to continue with normal initialization procedures.

Observable Results:

- The ATU-C should transition to the C-IDLE state from the C-ACTIVATE/INIT/TRAIN state
if the host control command signal c:idle ignore is received. The C-DILE state is
physically identical to the C-QUIETL state (i.e., transmitter/receiver off, OVoutput from the
DAC) except that whilein the C-IDLE state the ATU-C shall not respond to the R-ACT-REQ
signal.

The ATU-C should transition to back to the C-QUIET1 date from the
C-ACTIVATE/INIT/TRAIN date if the initiaization procedures fail more than a specified
number of times (i.e., theinitial number of the initialization fail counter).

The ATU-C should transtion to the C-SHOWTIME dsae from the
C-ACTIVATE/INIT/TRAIN state if initialization procedures are successful.
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4.3.5.5 Test # 4.205

Test Label: c_idle.state machine.atu_c.dmt.ads
Purpose: To verify the state transitions while the ATU-C isin the C-IDLE state.
References: ANSI T1.413-1998 Annex A.

Resour ce Requirements:
ATU-C unit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C

Discussion: The C-IDLE signa is transmitted indefinitely until the appropriate host control
command signal is transmitted, and is physicaly identical to the C-QUIET1 signal — transmitter and
receiver OFF, OV output from the digital to analog converter. The difference between the C-QUIET1
state and the C-IDLE dtate is that the UUT shall not respond to the R-ACT-REQ signal while in the C-
IDLE state. The ATU-C isessentially ignoring the ATU-R whileinthe C-IDLE state.

In the C-IDLE state, the UUT shall respond only to host controller command signals. The UUT
shall transition from the C-IDLE state to the C-SELFTEST state if the c:selftest host control command
signal isreceived. The UUT shal transition from the C-IDLE state to the C-ACTIVATE/INIT/TRAIN state
if the c:activate host control command signal isreceived. The UUT shall transition from the C-IDLE state
to the C-TONE state if the c:tone host control command signal is received. The UUT shall transition
from the C-IDLE state to the C-QUIET1 state if the c:idle_monitor host control command signal is
received.

Test Setup: Test setup 3.

Procedure:
- Power up the UUT.

Force the C-IDLE state by advancing to the C-QUIET1 state and transmitting the host

control command signal c:idle_ignore.

Transmit the host control command signal c:selftest whilein the C-IDLE state.

Repeat, transmitting the host controller command signals c:activate, c:tone, and

c.idle_monitor, respectively, in place of c:selftest.

Observable Results:

The UUT shall transtion from the C-IDLE sate to C-SELFTEST,
C-ACTIVATE/INIT/TRAIN, C-TONE, and C-QUIET1 states respectively.
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4.3.5.6 Test # 4.206

Test Label: c_tone.state_machine.atu_c.dmt.adsl
Purpose: To verify the state transitions while the ATU-C isin the C-TONE state.
References: ANSI T1.413-1998 Annex A.

Resour ce Requirements:
ATU-C unit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C

Discussion: The C-TONE signal is defined as a single frequency sinusoid at 310.5kHz. This state is
entered to notify the ATU-R not to transmit the R-ACT-REQ signal. The C-TONE signd is transmitted
for 128 consecutive symbols, such that the PSD is—3.65dBm for the first 64 symbols and 24dB lower for
the second 64 symbols. The UUT shall transition from the C-TONE state to the C-IDLE state if the
c:tone host control command signal is received.

Test Setup: Test setup 3.

Procedure:
- Power up the UUT.

Force the C-TONE state by entering the C-QUIET1 state and transmitting the c:idle_ignore

host control command signal, followed by transmitting the c:tone host control command

signal from the C-IDLE state.

Issue the c:tone host control command signal from the C-TONE state.

Observable Results:
The UUT shall transition from the C-TONE to the C-IDLE state upon reception of the c:tone
host control command signal.

133



4.3.5.7 Test# 4.207

Test Label: ¢_showtime.state_ machine.atu_c.dmt.adsl
Purpose: To verify the state transitions while the ATU-C isin the C-SHOWTIME state.
References: ANSI T1.413-1998 Annex A.

Resour ce Requirements:
ATU-C unit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C

Discussion: The C-SHOWTIME state is where steady state data transmission occurs. The UUT shall
enter the C-SHOWTIME state from the C-ACTIVATE/INIT/TRAIN state upon successful completion of
normal initialization procedures. The UUT may also enter the C-SHOWTIME state from the optional
vendor defined states C-RSYNC and C-RETRAIN. While in the C-SHOWTIME dtate the UUT shall
monitor the host control channel and transition to the C-IDLE state if the c:idle ignore host control
command signal is received. The UUT shall also transition to the C-QUIET1 state if the c:idle_monitor
host control command signal is received. In addition, the UUT shall monitor for eoc and aoc alarms, and
shall reenter the C-ACTIVATE/INIT/TRAIN state if a persistent loss of signal (LOS) or loss of frame
(LOF) is detected. Persistent LOS and LOF are declared after 2.5 + .5 seconds of near end (UUT end)
LOS or LOF failure with los (loss of signal) or sef (severely errored frame) defect still present. The los
and sef defects are operations and maintenance signals.

The UUT shall also transition from the C-SHOWTIME state to the optional vendor discretionary
C-RETRAIN state if a high bit error ratio (BER) is detected or the c:reconfig2 host control command
signal isissued, or C-RESY NC stateif aloss of frame resync/sync (lof-rs) isrequired by the UUT.

Test Setup: Test setup 3.

Procedure:
Power up the UUT.
Force the C-SHOWTIME state by entering the C-QUIET1 state and transmitting (or allowing
passage of) the R-ACT-REQ signal, followed by the success completion of normal
initiaization proceduresin the C-ACTIVATE/INIT/TRAIN state.
While in the C-SHOWTIME state, transmit the c:idle_ignore host control command signal.
Repeat, transmitting the c:idle_ monitor host control command signal in place of
c:idle_ignore.
Repeat, creating and LOS or LOF failure (i.e., disconnecting the transmission line, etc.).
If the C-RESY NC state isimplemented by the vendor, create alof-rs.
If the C-RETRAIN state is implemented by the vendor, issue the host control command
signal c:reconfig2 or create a high BER.

Observable Results:
- The UUT shdl trangition from the C-ACTIVATE/INIT/TRAIN state to the C-SHOWTIME
state upon successful completion of normal initialization procedures.
The UUT shal transition from the C-SHOWTIME state to the C-IDLE date if the
c.idle_ignore host control command signal is transmitted.
The UUT shal transition from the C-SHOWTIME state to the -QUIET 1 state if the
c:idle_monitor host control command signal is received.
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The UUT shdll transition from the C-SHOWTIME sate to the C-ACTIVATE/INIT/TRAIN
state, for retraining, after 2.5+ .5 seconds of LOS or LOF.

The UUT shdl transition from the C-SHOWTIME state to the C-RESYNC state, if it is
defined, if lof-rsis detected.

The UUT shall transition from the C-SHOWTIME state to the C-RETRAIN state, if it is

defined, if the host control command signal c:reconfig? is transmitted or a high BER is
detected.
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4.3.5.8 Test # 4.208

Test Label: C_resync.state_machine.atu_c.dmt.adsl

Purpose: To verify the state transitions while the ATU-C is in the optional vendor defined
C-RESYNC state.

References: ANSI T1.413-1998 Annex A.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C

Discussion: The C-RESYNC dtate is an optional vendor defined state entered only if some
algorithm, possibly based on loss of ADSL sync framing, determines that resynchronization is required.
The UUT should declare a sef, and if the signal is present, meaning that LOS did not occur, attempt to find
and align the synchronization pattern. If the attempt at re-synchronization is successful, the sef shall be
lifted and the UUT shall enter the C-SHOWTIME state. If, however, the attempt is unsuccessful, the UUT
should timeout on the sef and declare an LOF failure (persistent LOF). The UUT should then enter the
C-ACTIVATEH/INIT/TRAIN sate for retraining. If an LOS was detected while in the C-RESY NC state, the
UUT should timeout on the los and declare an LOS failure (persistent LOS). The UUT should then enter
then enter the C-ACTIVATE/INIT/TRAIN date for retraining.

Test Setup: Test setup 3.

Procedure:
Power up the UUT.
Force the C-SHOWTIME state.

Observable Results:
- If anlof-rsoccur, the UUT should enter the C-RESY NC state.
If in the C-RESYNC state, the UUT should re-enter the C-SHOWTIME state if the
synchronization pattern is recovered; else if persistent LOF or LOS is detected the UUT
should enter the C-ACTIVATE/INIT/TRAIN state.
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4.3.5.9 Test # 4.209

Test Label: C_retrain.state_machine.atu_c.dmt.adsl

Purpose: To verify the state transitions while the ATU-C is in the optional vendor defined
C-RETRAIN date.

References: ANSI T1.413-1998 Annex A.

Resour ce Requirements:
- ATU-Cunit (UUT)
Device capable of generating ATU-R signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-C

Discussion: The C-RETRAIN state is an optional vendor defined state entered only if the received
signal is still present and ADSL frame synchronization is maintained. The C-RETRAIN state can be
automatically entered if the UUT detects ahigh BER or if the host control command signal c:reconfig2 is
transmitted. The UUT should declare a sef, and if the signal is present, meaning that LOS did not occur,
channel ID and data transport calculations shall be made. If the attempt at fast retraining is successful, the
sef shall be lifted and the UUT shall enter the C-SHOWTIME state. If, however, the attempt is
unsuccessful, the UUT should timeout on the sef and declare an LOF failure (persistent LOF). The UUT
should then enter the C-ACTIVATE/INIT/TRAIN state for retraining. If an LOS was detected while in the
C-RETRAIN state, the UUT should timeout on the los and declare an LOS failure (persistent LOS). The
UUT should then enter then enter the C-ACTIVATE/INIT/TRAIN state for retraining.

Test Setup: Test setup 3.

Procedure:
Power up the UUT.
Transmit the c:reconfig2 host control command signal.

Observable Results:
- The UUT should enter the C-RETRAIN state if the host control command signal c:reconfig2
isreceived.
If in the C-RETRAIN state, the UUT should re-enter the C-SHOWTIME state if the fast
retrain is successful; else if persistent LOF or LOS or the fast retrain is not successful, the
UUT should enter the C-ACTIVATE/INIT/TRAIN state.
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4.3.6 ATU-R State Transitions

Scope: These tests cover the basic state transitions in the ATU-R required for interoperability with other
interpretations of ANSI T1.413-1998.

Overview: These tests are designed to provide a basic layout of the states that need to be supported in
order for some degree of interoperability capability to be achieved. A device that “passes’ these tests
provides a reasonable indication of normal operation procedure conformanceto ANSI T1.413-1998 from
power-up to steady state data transmission. Although correct exchange of initialization signals are
necessary for interoperation, most of these procedures are contained within only one of the ATU-R’s
states. The state diagram for the ATU-R is shown below, with optional states and tests shown in italics,
and received signals from the ATU-C preceded with a c:, while transmitted signals from the ATU-R are
preceded with ar:.

Power on

R-SELFTEST
ADSL Test 4.210

R-UNIT-FAIL
ADSL Test4.212

c.eoc:selftest

r:idle_ignore
idle_ignore
ridle_
ersistent r:idle_ignore monito
LpOS LOE R-ACT-REQ R-IDLE R-QUIET1
or ADSL Test4.211 ADSL Test 4.214 ADSL Test 4.215
-
ractivate ridle_
4 ignore
) imeout or
fail or r:activate
timeout -C-
¢:C-ACT c.c-tone
R-ACK/INIT/TRAIN » c:c-act
ADSL Test 4.213
persistent _
LOS or LOF persistent
LOS or LOF
R-RESYNC success R-RETRAIN . .
ADSL Test4.217 ADSL Test4.218 r:idle_ignore
lof-rs high_BER or

c:reconfeg2

R-SHOWTIME
ADSL Test4.216
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4.3.6.1 Test #4.210

L abel: r_selftest.state_machine.atu_r.dmt.adsl
Purpose: To verify that state R-SELFTEST transitions to the proper states at the proper times.
References: ANS| T1.413-1998 Annex A

Resour ce Requirements:
ATU-R unit (UUT)
Device capable of generating ATU-C signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-R

Discussion: When the ATU-R is powered up it will enter state R-SELFTEST. The ATU-R will test
its components to make sure it will work properly. Whilein this state the transmitter and receiver will be
turned off (quiet at the U-R interface). If the receiver isin automatic training mode and has passed the
selftest, then the ATU-R will transition to state R-ACT-REQ. If the receiver is controlled from and
external device and has passed the selftest, then the ATU-R will transition to state R-IDLE. If ATU-R
does not pass the selftest, then iswill transition to state R-UNIT-FAIL.

The state machine diagram for the ATU-R is shown in the section header.

Test Setup: Test setup 3.

Procedure:
Power up the ATU-R.
Set ATU-R in automatic training mode.
Try thisagain, only set the ATU-R for external control.

Observable Results:
- Transmitter and receiver should be off.
If the selftest passes, the ATU-R should enter state R-ACT-REQ if in automatic training
mode, or R-IDLE if under external control. If the ATU-R failsthe selftest, it should enter
gtate R-UNIT-FAIL.
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4.3.6.2 Test# 4.211

L abel: r_act_req.state_machine.atu_r.dmt.adsl
Purpose: To verify that state R-ACT-REQ transitions to the proper states at the proper times.
References: ANS| T1.413-1998 Annex A

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-R

Discussion: Whilein the R-ACT-REQ state, the ATU-R will transmit a34.5 kHz signal. Thisisfor
the case when it isdesired by the user to establish acommunicationslink. The signal will be transmitted
for 128 DMT symbols, then 896 DMT symbols of silence. This processis repeated until one of two
signasfrom the ATU-C isreceived. If thesignal C-ACT was received, then the ATU-R will transition to
state R-INIT/TRAIN when al of the C-ACT has been received. If, however, signal C-TONE was received,
then the ATU-R will enter stateR-QUIET1.

Whileinthe R-ACT-REQ state, the ATU-R will aso monitor the host controller channel. If the
host controller sendsthe signal r: idle_ignore, the ATU-R will enter state R-IDLE.

Test Setup: Test setup 3.

Procedure:
- Power upthe ATU-R.

Continue until state R-ACT-REQ has been achieved.

Send signal C-ACT signa to ATU-R.

Try thisagain, only thistime send the C-TONE signal.

Try thisagain, only sending the host controller signal r: idle_ignore.

Observable Results:
-+ Thereceiver should be turned on.
The ATU-R should transmit a 34.5 kHz signal for 128 DMT symbols, and then 896 symbols
of silence, then repeating this sequence.
The ATU-R should transition to state R-INIT-TRAIN if C-ACT was detected.
The ATU-R should transition to state R-QUIET1 if C-TONE was detected.
The ATU-R should enter state R-IDLE if the host controller sent the signal r: idle_ignore.
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4.3.6.3 Test # 4.212

L abel: r_unit_fail.state machine.atu r.dmt.adsl
Purpose: To verify that state R-UNIT-FAIL transitionsto the proper states at the proper times.
References: ANS| T1.413-1998 Annex A

Resour ce Requirements:
ATU-R unit (UUT)
Device capable of generating ATU-C signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-R

Discussion: The ATU-R will only enter state R-UNIT-FAIL isif it failed the selftest. Oncein state
R-UNIT-FAIL, the only way out of this state is for the host controller to send anr: idle_ignore signal.
Thiswill causethe ATU-R to enter state R-IDLE.

Test Setup: Test setup 3.

Procedure:
- Power upthe ATU-R.

Somehow cause the ATU-R tofail its selftest.

Whilein R-UNIT-FAIL, send host controller signal r: idle_ignore.

Send other signals such to make sure ATU-R doesn’'t enter any other state.

Observable Results:
The ATU-R should enter state R-IDLE if the host controller sends the signal r: idle_ignore.
The ATU-R should not enter any other stateif asignal different than the one aboveis sent.
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4.3.6.4 Test# 4.213

L abel: r_ack_init_train.state_machine.atu_r.dmt.adsl
Purpose: To verify that state R-ACK/INIT/TRAIN enters the proper states at the proper times.
References: ANS| T1.413-1998 Annex A

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-R

Discussion: This state represents the initialization process between the ATU-R and the ATU-C. This
state begins with the transmission of the R-ACK signal. If theinitialization processis a success, then the
ATU-R will enter state R-SHOWTIME. If theinitialization process wereto fail or if any part of the
sequence times out, the ATU-R will reenter state R-ACT-REQ.

Test Setup: Test setup 3.

Procedure:
Power up the ATU-R.
Allow ATU-R to continue to state R-ACK/INIT/TRAIN.
For testing initialization steps, see initialization test suite.

Observable Results:
The ATU-R should enter state R-SHOWTIME if initialization was successful.
The ATU-R should reenter state R-ACT-REQ if any part of theinitialization sequence either
fails or times out.
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4.3.6.5 Test # 4.214

L abel: r_idle.state machine.atu_r.dmt.adsl
Purpose: To verify that state R-IDLE enters the proper states at the proper times.
References: ANS| T1.413-1998 Annex A

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-R

Discussion: The main purpose of state R-IDLE isto monitor the host controller channel. The
receiver and transmitter will be turned off whilein this state. Several different host controller signals will
cause R-IDLE to enter several different states. Below is atable that identifies these host controller
signals and their respective state transitions.

Host Controller Signal New State
r: selftest R-SELFTEST
r: idle_monitor R-QUIET1
r: activate R-ACK-REQ

Test Setup: Test setup 3.

Procedure:
Power up the ATU-R.
Causethe ATU-R to enter state R-IDLE.
Send host controller signal r: selftest.
Retry this again, only thistime send the host controller signal r: activate.
Retry this yet another time, except send the host controller signal r: idle_monitor.

Observable Results:
The ATU-R should reenter state R-SEL FTEST if the host controller sent signal r: selftest.
The ATU-R should enter state R-ACT-REQ if the host controller sent signal r: activate.
The ATU-R should enter state R-QUIET1 if the host controller sent signal r: idle_monitor.
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4.3.6.6 Test# 4.215

L abel: r_quietl.state machine.atu r.dmt.adsl
Purpose: To verify that state R-QUIET 1 enters the proper states at the proper times.
References: ANS| T1.413-1998 Annex A

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-R

Discussion: Whilein state R-QUIET1, the transmitter will be off, and the receiver will be
monitoring for the C-ACT signal. If signal C-ACT isreceived, then R-QUIET1 wills transition to state
R-ACK/INIT/TRAIN. Once R-QUIET1 has begun, atimer will start. If C-ACT isnot detected within 60
seconds, R-QUIET 1will timeout and enter state R-ACT-REQ. State R-QUIET1 aso monitors the host
controller channel. The ATU-R will enter state R-IDLE if the host control signal r: idle_ignoreis
received. The ATU-R will enter state R-ACT-REQ if the host control signal r: activateis received.

Test Setup: Test setup 3.

Procedure:
- Power upthe ATU-R.

Cause the ATU-R to enter state R-QUIET 1.

Allow state R-QUIET1 to time out.

Retry, thistime sending the signal C-TONE to the ATU-R.

Retry again, sending the host control signal r: idle_ignore.

Retry again, sending the host control signal r: activate.

Observable Results:
The ATU-R should enter state R-ACK/INIT/TRAIN if the ATU-C sent signd C-ACT.
The ATU-R should enter state R-IDLE if the host controller sent signal r: idle_ignore.
The ATU-R should enter state R-ACT-REQ if the host controller sent signal r: activate.
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4.3.6.7 Test # 4.216

L abel: r_showtime.state_machine.atu_r.dmt.adsl
Purpose: To verify that state R-SHOWTIME enters the proper states at the proper times.
References: ANS| T1.413-1998 Annex A

Resour ce Requirements:
ATU-R unit (UUT)
Device capable of generating ATU-C signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-R

Discussion: This state signifiesthat steady state data transmission istaking place. Thismeansall bit
pump, bit swap, and non-intrusive reconfigurations are functioning. The ATU-R monitors alarms, eoc,
aoc, and the host control channel. If, however, thereis persistent LOS or LOF failure, then R-
SHOWTIME will reenter state R-ACT-REQ. The ATU-C could also send through the eoc channel the
signal c: eoc: selftest so that the ATU-R will enter state R-SELFTEST. Either ahigh BER or thec:
reconfig2 will causethe ATU-R to enter state R-RETRAIN. If alof-rs occurs, then R-SHOWTIME will
enter R-RESYNC. The host control signal r: idle_ignore will cause R-SHOWTIME to enter state R-
IDLE.

Test Setup: Test setup 3.

Procedure:
Power up the ATU-R.
Causethe ATU-R to enter state R-SHOWTIME.
Interrupt R-SHOWTIME operation by choosing either ¢: eoc: selftest, c: reconfig2, or r:
idle_ignore. Do thisfor each of the described signals.
Whilein R-SHOWTIME, cause ahigh BER, persistent LOS or LOF, or lof-rs. Do thisfor
each of the described problems.

Observable Results:
- The ATU-R should enter state R-ACT-REQ if persistent LOS or LOF occurs.
The ATU-R should enter state R-SELFTEST if the ATU-C sent the signal c: eoc: selftest.
The ATU-R should enter state R-RETRAIN if the ATU-C sent signal c: reconfig2.
The ATU-R should enter state R-RETRAIN if ahigh BER was detected.
The ATU-R should enter state R-RESY NC if |of-rs was detected.
The ATU-R should enter state R-IDLE if the host control signal r: idle_ignore was received.
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4.3.6.8 Test # 4.217

L abel: r_resync.optional .state_ machine.atu_r.dmt.addl
Purpose: To verify that state R-RESY NC enters the proper states at the proper times.
References: ANS| T1.413-1998 Annex A

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-R

Discussion: The R-RESY NC state is entered when some a gorithm based on loss of ADSL sync
framing determines that resync is necessary. Firgt, this state will declare a severely errored frame (sef).
If the signal is still available, R-RESY NC will attempt to find the sync pattern and realign. If this process
isasuccess, then R-RESY NC will remove the sef then enter state R-SHOWTIME. If thisprocessisnot a
success, R-RESY NC will time-out on sef, declare LOF failure, and on persistent LOF failure, enter state
R-ACK/INIT/TRAIN. However, if thereisno signa available, R-RESY NC will time-out on los,

declareL OSfailure, and enter state R-ACK/INIT/TRAIN.

Test Setup: Test setup 3.

Procedure:
- Power upthe ATU-R.

Causethe ATU-R to enter state R-RESY NC.

Allow signal to be present so that the ATU-R can look for the sync pattern.

Try thisagain, but thistime allow the sync pattern not to be found.

Repeat the process, only allow the signal not to be present.

Observable Results:
Persistent LOS or LOF should cause R-RESY NC to enter state R-ACK/INIT/TRAIN.
If attempt to find sync pattern was successful, then R-RESYNC should enter state
R-SHOWTIME.
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4.3.6.9 Test# 4.218

L abel: r_retrain.optional .state_machine.atu_r.dmt.addl
Purpose: To verify that state R-RETRAIN enters the proper states at the proper times.
References: ANS| T1.413-1998 Annex A

Resour ce Requirements:
- ATU-Runit (UUT)
Device capable of generating ATU-C signals
Device capable of generating host controller channel commands
Device capable of monitoring the state of the ATU-R

Discussion: State R-RETRAIN can only be entered if received signal is till present and if ADSL
sync framing is still maintained. Thisfast retrain process of this stateis still being studied. Whenin
R-RETRAIN aseverely errored frame (sef) is declared and user information has been disrupted. Data
framing and T-interface circuits will be reset upon entering state R-RETRAIN. If thesigna is till
available, channel ID and bit allocation calculations will take place. If this processis successful, then R-
RETRAIN will remove the sef and enter state R-SHOWTIME. If the processis unsuccessful, R-
RETRAIN will time-out on sef, declare LOF failure, on persistent LOF failures R-RETRAIN will
transition to state R-ACK/INIT/TRAIN.

However if the signal islost, R-RETRAIN will time-out on los, declare LOS failure, and on persistent
LOSfailure R-RETRAIN will enter state R-ACK/INIT/TRAIN.

Test Setup: Test setup 3.

Procedure:
Power up the ATU-R.
Cause the ATU-R to enter state R-RETRAIN.
Allow signal to be present so that the ATU-R can look for the channel ID and bit alocation
calculation.
Try thisagain, but thistime allow the channel 1D and bit allocation cal culation not to be
found and calculated, respectively.
Repeat the process, only allow the signal not to be present.

Observable Results:
Persistent LOS or L OF should cause R-RETRAIN to enter state R-ACK/INIT/TRAIN.

If attempt to find the channel ID and calculate the bit alocation was successful, then

R-RETRAIN should enter state R-SHOWTIME.
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5. ATM Cell Specific Functionalities (ATM Cell-TC Layer)

Scope: The following tests cover the cell specific functionalities of the ATM cell TC layer. Also
included is atest pertaining to the handshake procedure that must take place before an ATM cell is either
transmitted or received. These series of tests can be for either ATU.

Overview: These test are designed for the cell specific functions that must occur when an ATM cell is
transferred in the transmit direction. Some of these functions include idle cell insertion, header error
control (HEC) generation, and cell payload scrambling. Bit timing and ordering must be tested in both
transmit and receive directions to ensure proper bit transport. HEC verification and cell delineation must
take place at the receiving end so that errors can be corrected and so individual cells can be identified. A
cell can only be sent from the ATM layer to the physical layer or vice versa if a cell handshaking
procedure occurs between the two layers. A more complicated explanation of the interface elements
included in this handshaking procedure can be found in Annex J of the ANSI T1.413-1998 standard. For
simplicity, section 6.2.1 of the ANSI T1.413-1998 standard was used instead of the information
contained in Annex J.
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5.1 Test # 5.001

Test Label: cell_handshake.cell_tc.atm.dmt.addl

Purpose: To verify that an ATU-C properly initiates and completes the handshaking procedure before
sending an ATM cell to the ATM layer. Also to verify if the ATU-C transmits a cell received signal back
tothe ATM layer.

References: ANSI T1.413-1998 section 6.2.1.

Resour ce Requirements:
- ATU-Ror ATU-C unit (UUT)
Device capable of generating ATU signals
Device capable of generating host controller channel commands
Device capable of monitoring the ATM cell functionality of the UUT

Discussion: At the V-C reference point, the ATU-C will have flow control functionality available. This
is so that the ATU-C can control the cell flow to and from the ATM layer, represented in the graphic
below by Tx_Cell_Handshake and Rx_Cell_Handshake. A cell can only be transferred from the ATM
layer to the ATU-C after the ATU-C has completed Tx_Cell_Handshake. A cell can only be transferred
from the ATU-C to the ATM layer after the ATU-C has completed Rx_Cell_Handshake. This is most
important in avoiding cell overflow or underflow in the ATU-C and ATM layer. The diagram on the next
page shows the basic ATU-C functiona interfacesto the ATM layer at the V-C reference point.

Test Setup: Test setup 4.

Procedure:
Send handshake signa to ATM layer specifying that the ATU-C needsto send an ATM cell.
Send ATM cell to ATM layer.
Send handshake signal to ATU-C specifying that the ATM layer needsto send an ATM cell.
Send ATM cdll to ATU-C.

Observable Results:

The ATM layer should send back asignal that indicates that it received the cell.
The ATU-C should send back asignal that indicates that it received the cell.
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Note: dotted interface lines are optional

V-C
ATMO |
Tx_ATMO |
P Tx_Cell HandshakeO | >
o x_Cell_Handshake >
> R
T Rx_ATMO I
0 Rx_Cell_Handshake0
A i >
twisted
> X ATM1 | vair
| ATU-C
L
Tx_ATM1
L)oo = )
P Tx_Cell_Handshakel 1 >
(6] |- SISy ) .
> R |
T N Rx_ATM1 |
1 |
- _Rx_Cell_Handshakel | _____ >
Interface to Digital Network NTR | >
Operations, administration maintenance |
- and control |
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5.2 Test #5.002

Test Label: hec_generation.cell_tc.atm.dmt.adsl

Purpose: To verify that an ATU-C (possibly an ATU-R) generates the header error control (HEC) byte
of the ATM cell header correctly.

References:
ANSI T1.413-1998 section 6.2.3.2
ITU-T Recommendation 1.432 section 4.3.2

Resour ce Requirements:
ATU-R or ATU-C unit (UUT)
Device capable of generating ATU signals
Device capable of generating host controller channel commands
Device capable of monitoring the ATM cell characteristics of the UUT

Discussion: Thetransmitter will calculate the HEC value across the entire 4 byte ATM cell header. Then
it inserts the calculated value at the end of the 4 bytes for atotal length of 5 bytes. The header error
control notation is based on the property of cyclic codes. As an example, a code vector such as
10101110 can be represented as the polynomial P (x) = x” + x° + ¢ + ¥* + x. The content of the cell
header excluding the HEC byte (32 bits) can also be represented as a polynomial. The first bit of the
header would be the coefficient of the highest order term.

The HEC field is calculated by first finding the product of ¥ and the content of the header
excluding the HEC field. Then this product is modulo-2 divided by the generator polynomial x® + x* + x +
1. Theremainder of this modulo-2 division is the value of the HEC. Hereisaquick example of modulo-
2 division:

1011 0110
11001 11100110 000O

11001 -

001011 ¢ dyidend

00000
010111
11001
011100
11001
multiplied 00101 O
divisor 0000 O
0101 0O
1/1/0/ 01
011 010
1/1] 0/01
00 0110
0 0000
0 0110

For modulo-2 division, if the msb of the divi sor and dividend are 1, then the result is 1, or the
result is O otherwise. The multiplied divisor is exclusive-ored with the dividend.

The content of the register of the device that computes the remainder or the division is preset to
al zeros. It is then modified by the calculation of the remainder. The calculated remainder is then
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exclusive-ored with the bit pattern 01010101. Then the new check bits are then inserted into the last byte
of the cell header. This operation will not affect the error detection/correction capabilities of the HEC.

Test Setup: Test Setup 4.

Procedure;
Reset ATU-C and continue initialization.
Set ATU-C for ATM mode
Capture ATM cell.
Observe HEC valuein last byte of the ATM cell header.

Observable Results:

The HEC byte should be as described above.
Possibly write test program to calcul ate the HEC field.
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5.3 Test # 5.003

Test Label: cell_delineation.cell_tc.atm.dmt.adsl
Purpose: To verify that the cell delineation function works properly.

References:
ANSI T1.413-1998 sections 6.2.3.5and 7.2.2.
ITU-T Recommendation 1.432 section 4.5.1.1

Resour ce Requirements:
- ATU-Ror ATU-C unit (UUT)
Device capable of generating ATU signals
Device capable of generating host controller channel commands.
Device capable of monitoring the ATM cell functionality of the UUT

Discussion:

Cdll delineation is a function that identifies cell boundaries in the payload portion of an ATM
cell. Thisisaccomplished through the use of the Header Error Control (HEC) inthe ATM cell header. A
coding law, which checks the HEC in the cell header, will be used to perform cell delineation. The
correlation between the 32-bit header, the 8-bit HEC field, and the shortened cyclic code with generating
polynomial x® + x* + x + 1 isused in the cell delineation process.

The state machine for cell delineation is shown below.

Bit-by-bit Cell-by-cell
Correct HEC
-

Incorrect HEC

-

DELTA consecutive

ALPHA consecutive correct HEC

incorrect HEC

Cell-by-cell

Stated here are the details of this state diagram.

1. The delineation processis achieved by checking bit by bit whether the HEC coding law is respected
(i.e., the process result is zero) for the assumed header field. If the correct HEC is found it is
assumed that one header has been found. The state machine then enters state PRESYNC. If byte
boundaries are avail able within the receiving ATU prior to cell delineation as with the framing modes
1, 2, 3, the cell delineation process may be performed byte-byte.

2. The delineation process is performed cell by cell to check for the correct HEC while in the
PRESYNC state. The process repeats until the correct HEC has been confirmed DELTA times
consecutively. If oneincorrect HEC isfound, then the processreturnsto the HUNT state.
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3. The delineation process is performed cell by cell to check for the correct HEC while in the SYNC
state. The cell delineation process will be assumed to belost if an incorrect HEC is obtained ALPHA
times consecutively.

Test Setup: Test setup 4.

Procedure;
Send ATM cellsto UUT.
Add incorrect HECsto ALPHA consecutive ATM cells.
Add correct HECsto DELTA consecutive ATM cdlls.

Observable Results:
The UUT should return to the HUNT state if an incorrect HEC is found while in the
PRESY NC state.
The UUT should enter the SYNC state if DELTA consecutive correct HECs are found.
The cell delineation process should be assumed to be lost if ALPHA consecutive incorrect
HECs are found.
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5.4 Test # 5.004

Test Label: idle_cell_insertion.cell_tc.atm.dmt.adsl
Purpose: To verify that the cell delineation function works properly.
References:

ANSI T1.413-1998 section 6.2.3.5and 7.2.2.
ITU-T Recommendation |.432 section 4.4

Resour ce Requirements:
- ATU-Ror ATU-C unit (UUT)
Device capable of generating ATU signals
Device capable of generating host controller channel commands
Device capable of monitoring the ATM cell functionality of the UUT

Discussion: ldle cells will be inserted by the ATU-C in the transmit direction for cell rate decoupling.
Cdll rate decoupling is a function that provides a continuous flow by inserting these idle cells in the data
stream. These idle cells will be discarded by the ATU-R. They shall also cause no action in the ATU-R
receiver other than cell delineation. Idle cells are identified by the standardized pattern for the cell
header, which is shown in the table below.

| Octet1 | Octet2 | Octet3 | Octet4 | Octets
Header 00000000 00000000 00000000 00000001 HEC = Valid
Pattern Code

Test Setup: Test setup 4.

Procedure:
Reset and continueinitialization.
Send signal to ATU-C such that it insertsidle cellsin the down stream direction.
Make sure both modems are both setsin ATM mode.

Observable Results:
ATU-C should insert idle cellsin the upstream direction.
The ATU-R should discard theseidle cells, causing no action other than cell delineation.
Each idle cell should have the standardized cell header pattern described on the last page.
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5.5 Test # 5.005

Test Label: bit_timing_and_ordering.cell_tc.atm.dmt.adsl
Purpose: To verify proper bit timing and ordering through the bearer channels.
References: ANSI T1.413-1998 section 6.2.3.4

Resour ce Requirements:
- ATU-Ror ATU-C unit (UUT)
Device capable of generating ATU signals
Device capable of generating host controller channel commands
Device capable of monitoring the ATM cell functionality of the UUT

Discussion: When interfacing ATM data bytesto the ASO or AS1 bearer channel, the most significant bit
will be sent first. The ASO or AS1 bearer channel data rate will be an integer multiple of 32kbits/s, with
bit timing derived from the down stream modem clock.

Test Setup: Test Setup 4.

Procedure:
Reset and continue initialization.
Send ATM bytesto ATU bearer channe ASO or ASL.
Monitor bearer channel datarate.
Observable Results:
ATM data bytes should be interfaced msb first.
Datarates of the bearer channels should be of integer multiples of 32kb/s.
Bit timing should be derived from downstream modem clock.
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5.6 Test # 5.006

Test Label: cell_payload scrambling.cell_tc.atm.dmt.adsl

Purpose: To verify that ATM cell payloads are scrambled and scrambled properly.
References:

ANSI T1.413-1998 section 6.2.3.3

ITU-T Recommendation 1.432 section 4.5.3

Resour ce Requirements:
- ATU-Ror ATU-C unit (UUT)
Device capable of generating ATU signals
Device capable of generating host controller channel commands
Device capable of monitoring the ATM cell functionality of the UUT

Discussion: To improve the security and robustness of the HEC cell delineation mechanism, the cell TC
layer will scramble the cell payload field in the transmit direction. This method also randomizes the data
in the datafield for possible improvement of the transmission performance.

The self-synchronizing scrambler polynomial (defined asx® + 1) has been selected to minimize
the error multiplication (two) introduced by the self-synchronizing scrambler. The operation of the
scrambler in relation to the HEC cell delineation state diagram is as described below:

The scrambler randomizes the bits of the information field only

During the 5 byte header the scrambler operation is suspended and the scrambler state
retained.

The descrambler isdisabled in the HUNT state.

The descrambler is enabled for a number of bits equal to the length of the information field,
and again disabled for the following assumed header while in the PRESYNC and SYNC
states.

Test Setup: Test Setup 4.

Procedure:
Reset and continue initialization.
Send ATM cellsto ATU-C.
Monitor cell payload field scrambling.
Observable Results:
ATM cell payload fields should be scrambled as described above.
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5.7 Test # 5.007

Test Label: hec_verification.cell_tc.atm.dmt.adsl
Purpose: To verify that the ATM cell HEC verification function operates properly.
References:

ANSI T1.413-1998 section 6.2.3.6
ITU-T Recommendation 1.432 section 4.3.1

Resour ce Requirements:
ATU-R or ATU-C unit (UUT)
Device capable of generating ATU signals
Device capable of generating host controller channel commands
Device capable of monitoring the ATM cell functionality of the UUT

Discussion: The header error control covers the entire cell header. The code implemented for the
function is capable of either single-bit error correction or multiple-bit error detection. The default mode
provides for single-bit error correction. If an error is detected, the action to be taken depends on the state
of the ATU-C. In correction mode, only single-bit errors can be corrected and the receiver switches to
detection mode. In detection mode, all cells with detected cell header errors are discarded. If however a
header is examined and found not to be in error, the receiver switches to correction mode. Below is a
diagram for the ATU-C’ sreceiver’ s modes of operation.

Ermor detected
Multi-bit error detected (cell discarded)

(cell discarded)

No error detected
(no action) No error detected

(no action)

Correction Mode

Detection Mode

Single biterror detected
(correction)

Shown on the next pageis aflowchart of the consequences of errorsin ATM cell headers.
Test Setup: Test Setup 4.

Procedure:
Reset and continueinitialization.
Send non-errored ATM cdllsto ATU.
Send errored ATM cellsto ATU.

Observable Results:

ATU’s receiver should follow the above state diagram and be able to make decisions based
on the flowchart below:
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Incoming cell

No

Correction

Error in header

Yes

Errors detected

(intended cells)

Discarded cells
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5.8 Test # 5.008

Test Label: payload _transfer_delay.cell_tc.atm.dmt.adsl

Purpose: To verify the one-way payload transfer delay of an ADSL system using each of test
loops described in Test.# 3.002.

References: ANSI T1.413-1998 sections 6.2.2 and 6.6

Resour ce Requirements:
ATU-R or ATU-C unit (UUT)
Device capable of generating ATU signals
Device capable of generating host controller channel commands
Device capable of monitoring reference pointsinthe ATU’s
Device capable of measuring signal transmission time

Discussion: The one-way payload transfer delay is defined as the amount of time it takes for the
ADSL system to transfer payload (ATM cells etc.) from the T reference point at the remote end to the V
reference point at the central office end. The total payload transfer delay for payload bits assigned to the
fast data path shall be less than or equal to 2ms. For payload bits assigned to the interleaved data path
shall be less than or equal to (4 + (S — 1)/4 + S*D/4)ms, where S is the number of DMT symbols per
codeword and D istheinterleave depth. See the figure below for a description of the reference points.

ATM C.ell Spvciﬁc ATM Cell Spcific
Functionaliies Functionalities
VaC NT T-R ' T/;S

]
o ATUC H ATUR [ : X Cutomer Premise
Yl
u-c2 1 T UR2 .
HPF HPF
UI»C U;R Telephone
Ne:\;re(:‘\//vvg?knd PSTN. | LPE 'lloej:)' LPE ] POTS. Setﬁ;r\:gice»
Spitter Spitter modem
C R
Test Setup: Test setup 5.
Procedure:
Send ATM cdl from ATU-Cto ATU-R.
Measure payload transfer delay.
Send ATM cdl from ATU-Cto ATU-R.
Measure payload transfer delay.

Repeat the above procedure for the second data path, either fast or interleaved (i.e., the data
path not initially used).
Repeat the above procedure for each of the test loops described in ADSL Test 3.002.
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Observable Results:
The payload transfer delay should be no more than 2 ms through the fast buffer in both
directions.
The payload transfer delay should be no morethan (4 + (S—1)/4+ S _ D/ 4) msthrough
the interleave buffer in both directions.
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