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Notice

The Broadband Forum is a non-profit corporation organized to create guidelines for broadband network
system development and deployment. This Broadband Forum Technical Report has been approved by
members of the Forum. This Broadband Forum Technical Report is not binding on the Broadband Forum,
any of its members, or any developer or service provider. This Broadband Forum Technical Report is
subject to change, but only with approval of members of the Forum. This Technical Report is copyrighted
by the Broadband Forum, and all rights are reserved. Portions of this Technical Report may be
copyrighted by Broadband Forum members.

This Broadband Forum Technical Report is provided AS IS, WITH ALL FAULTS. ANY PERSON
HOLDING A COPYRIGHT IN THIS BROADBAND FORUM TECHNICAL REPORT, OR ANY
PORTION THEREOF, DISCLAIMS TO THE FULLEST EXTENT PERMITTED BY LAW ANY
REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED
TO, ANY WARRANTY:

(A) OF ACCURACY, COMPLETENESS, MERCHANTABILITY, FITNESS FOR A PARTICULAR
PURPOSE, NON-INFRINGEMENT, OR TITLE;

(B) THAT THE CONTENTS OF THIS BROADBAND FORUM TECHNICAL REPORT ARE
SUITABLE FOR ANY PURPOSE, EVEN IF THAT PURPOSE IS KNOWN TO THE
COPYRIGHT HOLDER,;

(C) THAT THE IMPLEMENTATION OF THE CONTENTS OF THE DOCUMENTATION WILL
NOT INFRINGE ANY THIRD PARTY PATENTS, COPYRIGHTS, TRADEMARKS OR OTHER
RIGHTS.

By using this Broadband Forum Technical Report, users acknowledge that implementation may require
licenses to patents. The Broadband Forum encourages but does not require its members to identify such
patents. For a list of declarations made by Broadband Forum member companies, please see
http://www.broadband-forum.org. No assurance is given that licenses to patents necessary to implement
this Technical Report will be available for license at all or on reasonable and non-discriminatory terms.

ANY PERSON HOLDING A COPYRIGHT IN THIS BROADBAND FORUM TECHNICAL REPORT,
OR ANY PORTION THEREOF, DISCLAIMS TO THE FULLEST EXTENT PERMITTED BY LAW
(A) ANY LIABILITY (INCLUDING DIRECT, INDIRECT, SPECIAL, OR CONSEQUENTIAL
DAMAGES UNDER ANY LEGAL THEORY) ARISING FROM OR RELATED TO THE USE OF OR
RELIANCE UPON THIS TECHNICAL REPORT; AND (B) ANY OBLIGATION TO UPDATE OR
CORRECT THIS TECHNICAL REPORT.

Broadband Forum Technical Reports may be copied, downloaded, stored on a server or otherwise re-
distributed in their entirety only, and may not be modified without the advance written permission of the
Broadband Forum.

The text of this notice must be included in all copies.
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Technical comments or questions about this Technical Report should be directed to:

Editors Rajesh Abbi Alcatel-Lucent
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Abstract:

This document specifies a protocol independent object model for managing ADSL lines
using the next generation ADSL technologies including ADSL2, ADSL 2plus, and RE-
ADSL.
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1 Background

During the past few years, standards have been developed for the next-generation
of ADSL technologies. The following new flavors of ADSL technologies have
now been standardized by the ITU-T:

e ADSL2(G.992.3[3])

e ADSL2lite (G.992.4 [4])

e ADSL2plus (G.992.5 [5])

These next-generation technologies have greatly enhanced the capabilities as well
as flexibility offered by the initial set of ADSL standards (ADSL - G.992.1 [1],
and ADSLlIite - G.992.2 [2]).

The existing management model used to support earlier ADSL technologies is not
adequate to address the needs of the next generation technologies. This document
specifies a new protocol-independent object model to address these needs.

2 Existing management framework

The existing management framework was developed to address the needs of the
initial set of ADSL technologies (G.992.1 and G.992.2). This framework was
based on the object model shown in Figure-1.

Line Configuration

Profiles
Interleaved Fast I“t“l“‘;l‘;;-—--l—
nterlieave anne
Channel Channel
Parameters
T T Fast Channel

Parameters

ADSL ADSL Line

. llllllllllll> Parameters
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Figure 1: Existing ADSL management model
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This object model addresses the needs of the existing ADSL technologies in a
simple and efficient manner.

3 Needs of the next generation ADSL technologies

The next generation ADSL technologies support improved performance as well as
flexibility to meet the needs of emerging broadband services like voice, video etc.
They also support many new features that offer the operator a greater degree of
control over the performance and behavior of the transmission lines.
Unfortunately, this enhanced capability comes at the cost of additional
complexity to the management infrastructure.

One of the major impacts is in the area of bearer channels. While original ADSL
technologies supported a simple and fixed channel arrangement (Fast,
Interleaved, or both), the new standards allow a flexible configuration of up to
four generic channels that can be independently configured with respect to
latency. This is illustrated in Figure-2.

r=========" P == =====- yF---======" 1
ADSL ,  ADSL J+  ADSL 1+ ADSL |
Channel-1 |i Channel-2 !i Channel-3 !i Channel-4 !
I e e e e e e e = T T 1

ADSL Line

Figure 2: Bearer channel arrangement in the next generation ADSL technologies

Other changes introduced by the next generation ADSL technologies in terms of
operations and management include additional configuration options in the
following areas:

Configurable power management timers

Spectrum / PSD control

Messaging overhead control

Impulse noise protection and BER control

The requirements for managing the next generation ADSL technologies are
captured in the revised draft of ITU-T G.997.1 [6].
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4 Revision of ADSL management framework

The current ADSL management model is based on the simple management
framework shown in Figure-1. It is clearly not adequate to address the needs of
the next generation ADSL technologies as illustrated in Figure-2. Moreover, the
increasing number of configuration options for ADSL bearer channels result in a
very large number of parameter combinations that cannot be managed easily in a
monolithic profile.

One way to address this problem is by de-coupling bearer channel parameters
from the ADSL line parameters into independent profiles. This would allow the
necessary channel flexibility while maintaining the benefits of a profile-based
model. This approach is illustrated in Figure-3.
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Figure 3: Revised management framework for next generation ADSL technologies

NOTE: Above figure only illustrates the concept of de-coupling Line and Channel
Profiles. The actual revised model is specified in Section-5 below.
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5 Revised ADSL Managed Object Model

The revised ADSL management framework defined in the previous section
requires a new object model. This section specifies the revised object model in a
management-protocol independent manner. This management model will be used
for developing management-protocol-specific object definitions.

This specification is based on the revised list of managed objects per The
Broadband Forum TR-066 [13] and ITU-T G.997.1 [6]. The object model in this
specification only specifies the structure of the managed objects, the detailed
parameter definitions and their access mode (read-only vs read-write) is specified
in G.997.1.

Figure-4 illustrates notations used in this specification for illustrating the object
model.

Object A contains 'y’ instances of object B.

A
‘X" instances of object A are logically related to 'y’ instances of
i y object B. This may represent indirect relationship through other
] .
objects.
<1

Object A is a super-class with B and C as sub-classes
(inheritance relationship).

Object A contains pointersto 'y’ instances of O bject B.
Each instance of Object B is pointed to by ‘X’ instances of O bject A.

T <
<

N+ : N or more instances
N..M : N to M instances

Figure 4: Notations
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5.1 Configuration Management
Figure-5 provides an overview of the object model of objects used for
configuration management of ADSL lines.
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: i —>
\ | ADSLLine ADSL Line | ADSL Line ADSL
! Configuration | Service Channel
i <>1 Template Profile 1 0K Configuration
: O+
! 1 ADSL Line
! Spectrum
E 0.K Profile
i 1| ADSL <1
“"71 Channel
ADSL
Termination ADSL Mode-Specific
Unit (ATU) PSD Configuration
720 AN
0.1 0.1
1 1 ADSL PSD ADSL2 PSD
Conf Conf

ATU-C

ATU-R

K : Maximum number of Channels per ADSL Line

Figure 5: Revised Managed Object Model - Configuration Management
5.1.1 ADSL Line

The ADSL Line object represents an individual physical transmission line and its
associated parameters and states.

Following attributes are supported by the ADSL Line object:
Pointer to ADSL Line Configuration Template
Pointer to ADSL Line Threshold Template
Power Management State Forced (PMSF)
Loop Diagnostics Mode Forced
ADSL Transmission System
Power Management State
Success/Failure Cause

YVVVVYVYYYVY
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5.1.2 ADSL Channel

The ADSL Channel object represents an individual logical transmission channel
over the ADSL Line and its associated parameters and states.

Following attributes are supported by the ADSL Channel object:
» Channel Number (Numeric ID for a channel in a Line — 1 to K)

One or more instances of ADSL Channel object may be supported by an ADSL
Line Object.

5.1.3 ADSL Termination Unit (ATU)

An ADSL Termination Unit object represents an ADSL Modem at either end of
the ADSL Line. The ATU object only represents a super-class that cannot be
instantiated. It has two sub-classes that are instantiated - ATU-C (Central Office
modem), and an ATU-R (Remote modem). The ADSL Line is always terminated
by an ATU-C at the central office and an ATU-R at the remote subscriber
location.

Following attributes are supported for ADSL Termination Units:
ATU G.994.1 Vendor ID

ATU System Vendor ID

ATU Version Number

ATU Serial Number

ATU Self-Test Result

ATU ADSL Transmission System Capabilities

Current 15-minute Interval Elapsed Time (0 to 900 sec)
Number of previous 15-minute Intervals (0 to N)
Number of previous invalid 15-minute Intervals (0 to N)
Current 1-day Interval Elapsed Time (0 to 86400 sec)
Number of previous 1-day Intervals (0 to M)

Number of previous invalid 1-day intervals (0 to M)

VVVVVVVVVVYVY

5.1.4 ADSL Line Configuration Template

The ADSL Line Configuration Template is the object representing a complete
configuration for an ADSL Line. This is similar to the ADSL Line Configuration
Profile object in the older ADSL model. The template simply contains pointers to
specific ADSL Line Service Profile and ADSL Line Spectrum Profile instances.

The ADSL Line Configuration Template object supports following attributes:
» Template Name

> Pointer to ADSL Line Service Profile

> Pointer to ADSL Line Spectrum Profile
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5.1.5 ADSL Line Service Profile

The ADSL Line Service Profile is the object containing all ADSL service specific
configuration parameters for a line. Any number of ADSL Lines can be
provisioned to use a particular ADSL Line Service Profile. It ensures that all
lines sharing the Profile will be provisioned identically with respect to the
parameters associated with the Profile.

The ADSL Line Service Profile object supports following attributes:
» Profile Name

In addition, it logically contains one or more instances of ADSL Channel
Configuration objects for each channel to be supported for the line.

5.1.6 ADSL Channel Configuration

The ADSL Channel Configuration object represents configuration for an
individual ADSL Channel in an ADSL Line.

Depending on the number of ADSL Channels to be supported by an ADSL Line,
the corresponding instances of the ADSL Channel Configuration objects are
logically contained in an ADSL Line Service Profile.

Channel Number

Minimum Data Rate downstream

Minimum Data Rate upstream

Minimum Reserved Data Rate downstream

Minimum Reserved Data Rate upstream

Maximum Data Rate downstream

Maximum Data Rate upstream

Rate Adaptation Ratio downstream

Rate Adaptation Ratio upstream

Minimum Data Rate in low power state downstream

Maximum Interleave Delay downstream

Maximum Interleave Delay upstream

Minimum Impulse Noise Protection downstream

Minimum Impulse Noise Protection upstream

Maximum Bit Error Ratio downstream

Maximum Bit Error Ratio upstream

Data Rate Threshold Upshift downstream

Data Rate Threshold Upshift upstream

Data Rate Threshold Downshift downstream

Data Rate Threshold Downshift upstream

VVVVVVVVVVVVVVVYVYVYVVY

5.1.7 ADSL Line Spectrum Profile

The ADSL Line Spectrum Profile object represents a specific configuration of
transmission spectrum and power spectral density related parameters for an
individual ADSL Line. It supplements the ADSL Line Service Profile.
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Following attributes are supported for the ADSL Line Spectrum Profile object:

VVVVVVVVVVVVYYY

YV V Y

A\

VVVVYVYYVYVY

Profile Name

ATU Transmission System Enabling (ATSE)

Power Management State Enabling (PMMode)

LO-TIME

L2-TIME

L2-ATPR

L2-ATPRT

CARMASK downstream

CARMASK upstream

RFIBANDS downstream

Downstream Rate Adaptation Mode (RA-MODE downstream)
Upstream Rate Adaptation Mode (RA-MODE upstream)

Downstream Up-shift Noise Margin (RA-USNRM downstream)
Upstream Up-shift Noise Margin (RA-USNRM upstream)

Downstream Minimum Time Interval for Up-shift Rate Adaptation (RA-
UTIME downstream)

Upstream Minimum Time Interval for Up-shift Rate Adaptation (RA-UTIME
upstream)

Downstream Down-shift Noise Margin (RA-DSNRM downstream)
Upstream Down-shift Noise Margin (RA-DSNRM upstream)
Downstream Minimum Time Interval for Downshift Rate Adaptation (RA-
DTIME downstream)

Upstream Minimum Time Interval for Downshift Rate Adaptation (RA-
DTIME upstream)

Downstream Target Noise Margin (TARSNRM downstream)

Upstream Target Noise Margin (TARSNRM upstream)

Downstream Maximum Noise Margin (MAXSNRM downstream)
Upstream Maximum Noise Margin (MAXSNRM upstream)
Downstream Minimum Noise Margin (MINSNRM downstream)
Upstream Minimum Noise Margin (MINSNRM upstream)

Minimum Overhead Rate Upstream (MSGMIN upstream)

Minimum Overhead Rate Downstream (MSGMIN downstream)

5.1.8 ADSL Mode-Specific PSD Configuration

The ADSL Mode-Specific PSD Configuration object represents a specific
configuration of transmission spectrum and power spectral density related
parameters for an individual mode (flavor) of ADSL (eg. ADSL2, ADSL2plus...).
The ADSL Mode-Specific PSD Configuration object only represents a super-class
that cannot be instantiated. It supports sub-classes for each mode of ADSL
operation. Depending on the various modes of ADSL operation that may be
supported by an ADSL Line, corresponding instances of this object will be
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contained in the ADSL Line Spectrum Profile. This enables multi-mode
operation (support for multiple ADSL flavors for a given line).

Following attributes are supported for ADSL Mode-Specific PSD Configuration

object:

> ADSL Mode (ADSL / ADSL2 / ADSL2plus ...)

» Downstream Maximum Nominal Power Spectral Density (MAXNOMPSD
downstream)

» Upstream Maximum Nominal Power Spectral Density (MAXNOMPSD
upstream)

» Downstream Maximum Nominal Aggregate Transmit Power (MAXNOMATP
downstream)

» Upstream Maximum Nominal Aggregate Transmit Power (MAXNOMATP

upstream)

Upstream Maximum Aggregate Receive Power (MAXRXPWR upstream)

Downstream PSD Mask (PSDMASK downstream)

Upstream PSD Mask (PSDMASK upstream **G.997.1 ammendment-1)

YV V

5.2 Object model for ADSL Status Monitoring

Figure-6 shows the object model relating to ADSL Line status monitoring.

ADSL Line ADSL Termination ADSL Channel
Unit (ATU)
Pl 1 1 1
5 a
' 2 1 0+ 2
ATU Line Status ATU Channel Status

Figure 6: Managed Object Model — ADSL Status Monitoring

5.2.1 ATU Line Status

The ATU Line Status object represents current line status / measurements at a

particular ATU.

Following attributes are supported for ATU Line Status object:

» ATU Current Status (Near-End Failures for ATU-C/ Far-End Failures for
ATU-R)
NOTE: Line Init (LINIT) Failure is reported by both ATU-C and ATU-R
NOTE: Should include Loss of Signal Quality condition per RFC 2662.
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5.2.2

Last State Transmitted (Downstream for ATU-C / Upstream for ATU-R)
Loop Attenuation (LATNdSs for ATU-R / LATNus for ATU-C)
Signal Attenuation (SATNds for ATU-R / SATNus for ATU-C)

VVVVY

ATU-R)

Actual Power Spectrum Density (ACTPSDds for ATU-C / ACTPSDus for

ATU-R)

> Actual Aggregate Transmit Power Downstream (ACTATPds for ATU-R /
ACTATPus for ATU-C)

Y

ATU Channel Status

The ADSL Channel Status object represents current channel status /
measurements at a particular ATU.

Following attributes are supported for ATU Channel Status object:

» Actual Data Rate (Downstream for ATU-C / Upstream for ATU-R)

» Previous Data Rate (Downstream for ATU-C / Upstream for ATU-R)

» Actual Interleave Delay (Downstream for ATU-C / Upstream for ATU-R)

December 2004 © The Broadband Forum. All rights reserved.
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Signal-to-Noise Ratio Margin (SNRMds for ATU-R / SNRMus for ATU-C)
Maximum Attainable Data Rate (ATTNDRds for ATU-C / ATTNDRus for
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5.3 Object model for ADSL Performance Management

Figure-7 shows the object model relating to ADSL Line performance

ADSL Channel
1

2

ATU Channel
Performance

AN

ATU Channel Curr 15-min Perf

ATU Channel Hist 15-min Perf

ATU Channel Curr 1-day Perf

management.
ADSL Line ADSL Termination
1 Unit (ATU)
|
B i
ATU Line
Performance
- ATU Line Curr 15-min Perf 0.1 [0.1
|| ATU Line Hist 15-min Perf 0..N [0..N
— ATU Line Curr 1-day Perf 0.1 /0.1
| ATULine Hist 1-day Perf 0.M]0.M

ATU Channel Hist 1-day Perf

N : Maximum number of 15-min intervals supported

M : Maximum number of 1-day intervals supported

Figure 7: Managed Object Model — ADSL Performance Management

5.3.1 ATU Line Performance

The ATU Line Performance object represents line performance related data for a
given ATU. Itisonly a super-class that cannot be instantiated. It supports
following sub-classes that are instantiated:
» ATU Line Current 15-min Performance
» ATU Line History 15-min Performance
» ATU Line Current 1-day Performance
» ATU Line History 1-day Performance

Following attributes are supported for ATU Line Performance object:
Interval Number (0 for current; 1..N/M for previous/history intervals)
Interval Status (valid — Data is valid and complete; invalid — Data is

>
>

>

December 2004

invalid or incomplete)

Forward Error Correction Seconds - Line (FECS-L/LFE)
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Errored Seconds — Line (ES-L/LFE)

Severely Errored Seconds — Line (SES-L/LFE)

Loss of Signal Seconds — Line (LOSS-L/LFE)

Unavailable Seconds — Line (UAS-L/LFE)

Full Initializations **

Failed Full Initializations **

Short Initializations **

Failed Short Initializations **
OTE:
Object instances associated with the ATU-C use the xxx-L version of the
parameter while those associated with the ATU-R use xxx-LFE version of the

ZVVYVVYVVYVYY

parameter.
**. These parameters apply only to instances of the object associated with the
ATU-C.

Instances of this object are supported for each ATU (ATU-C or ATU-R) for the
current and previous N 15-minute intervals, as well as for current and previous M
1-day intervals.

5.3.2 ATU Channel Performance

The ATU Channel Performance object represents channel performance related
data for a particular channel associated with a particular ATU. Itis only a super-
class that cannot be instantiated. It supports following sub-classes that are
instantiated:

» ATU Channel Current 15-min Performance

» ATU Channel History 15-min Performance

» ATU Channel Current 1-day Performance

» ATU Channel History 1-day Performance

Following attributes are supported for ADSL Channel Performance object:
> Interval Number (0 for current; 1..N/M for previous/history intervals)
> Interval Status (valid — Data is valid and complete; invalid — Data is
invalid or incomplete)
Code Violations — Channel (CV-C/CFE)
Forward Error Corrections — Channel (FEC-C/CFE)
OTE:
Object instances associated with the ATU-C use the xxx-C version of the
parameter while those associated with the ATU-R use xxx-CFE version of the
parameter.

ZV Y

Instances of this object are supported for each channel associated with each ATU
(ATU-C or ATU-R) for the current and previous N 15-minute intervals, as well as
for current and previous M 1-day intervals.
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5.4 Object model for ADSL Performance Threshold Management

Figure-8 shows the object model relating to ADSL Line performance threshold

management.
ADSL Line
vo
0..1
ADSL Line
Threshold Template
O+ 0+
0..4 0.4
ATU Line ATU Channel
Threshold Profile Threshold Profile
1
0+
ATU Channel
Thresholds

Figure 8: Managed Object Model — ADSL Performance Threshold Management

5.4.1 ADSL Line Threshold Template

The ADSL Line Threshold Template object represents a complete set of
performance monitoring thresholds for an ADSL Line.
Following attributes are supported by the ADSL Line Threshold Template object:

Template Name

VVVVVVVVY

Pointer to the ATU-C 15-min Line Threshold Profile
Pointer to the ATU-C 1-day Line Threshold Profile
Pointer to the ATU-R 15-min Line Threshold Profile
Pointer to the ATU-R 1-day Line Threshold Profile
Pointer to the ATU-C 15-min Channel Threshold Profile
Pointer to the ATU-C 1-day Channel Threshold Profile
Pointer to the ATU-R 15-min Channel Threshold Profile
Pointer to the ATU-R 1-day Channel Threshold Profile
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5.4.2 ATU Line Threshold Profile

The ATU Line Threshold Profile object represents a set of performance
monitoring thresholds for an ADSL Line at a particular ATU.
Following attributes are supported by the ATU Line Threshold Profile object:
Profile Name
Forward Error Correction Seconds - Line Threshold (FECS-L/LFE)
Errored Seconds — Line Threshold (ES-L/LFE)
Severely Errored Seconds — Line Threshold (SES-L/LFE)
Loss of Signal Seconds — Line Threshold (LOSS-L/LFE)
Unavailable Seconds - Line Threshold (UAS-L/LFE)
Full Initializations Threshold **
Failed Full Initializations Threshold **
Short Initializations Threshold **
Failed Short Initializations Threshold **
OTE:
Obiject instances associated with the ATU-C use the xxx-L version of the
threshold while those associated with the ATU-R use xxx-LFE version of the

ZVVVVVVVVVY

threshold.
**. These thresholds apply only to instances of the object associated with the
ATU-C.

5.4.3 ATU Channel Threshold Profile

The ATU Channel Threshold Profile object is a logical-container of performance
monitoring thresholds for all channels associated with an ADSL Line at a
particular ATU.

Following attributes are supported by the ATU Channel Threshold Profile object:
> Profile Name

5.4.4 ATU Channel Thresholds

The ATU Channel Thresholds object represents a set of performance monitoring
thresholds for a particular channel associated with an ADSL Line at a particular
ATU.

Following attributes are supported by the ATU Channel Thresholds object:

> Channel Number

> Code Violations — Channel Threshold (CV-C/CFE)

> Forward Error Corrections — Channel Threshold (FEC-C/CFE)

NOTE:
Object instances associated with the ATU-C use the xxx-C version of the
threshold while those associated with the ATU-R use xxx-CFE version of the
threshold.
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5.5 Object model for ADSL Testing / Diagnhostics

Figure-9 below shows the object model relating to detailed ADSL Line testing /
diagnostics.

ADSL Line ADSL Termination
Unit (ATU)

1 1
2J J

ATU Sub-Carrier Status

J : Maximum number of Sub-Carriers supported

Figure 9: Managed Object Model — ADSL Testing / Diagnostics

5.5.1 ATU Sub-Carrier Status

The ATU Sub-Carrier Status object represents current detailed status /
measurements relating to a particular sub-carrier in an ADSL Line at a particular
ATU.
Following attributes are supported for ATU Sub-Carrier Status object:

» Sub-Carrier Number (1..J)

» Channel Characteristics Function Linear Representation Scale (HLINSCds

/ HLINSCus)
» Channel Characteristics Function Linear Representation (HLINpsds /
HLINpsus)

» Channel Characteristics Function Logarithmic Measurement Time
(HLOGMTds / HLOGMTus)
Channel Characteristics Function Logarithmic Representation (HLOGpsds
/ HLOGpsus)
Quiet Line Noise PSD Measurement Time (QLNMTds / QLNMTus)
Quiet Line Noise PSD (QLNpsds / QLNpsus)
Signal-to-Noise Ratio Measurement Time (SNRMTds / SNRMTus)
Signal-to-Noise Ratio (SNRpsds / SNRpsus)
Bits Allocation (BITSpsds / BITSpsus)
Gains Allocation (GAINSpsds / GAINSpsus)
Transmit Spectrum Shaping (TSSpsds / TSSpsus)

Y

YVVVVYVYYYVY

NOTE:
Obiject instances associated with the ATU-C use the xxxds version of the
parameter while those associated with the ATU-R use xxxus version of the
parameter.
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