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Recommendation ITU-T G.992.3

Asymmetric digital subscriber linetransceivers2 (ADSL 2)

Amendment 5

Summary

Amendment 5 to Recommendation ITU-T G.992.3 contains the following items:

Source

Erasure decoding (new functionality).

Impulse noise monitor (new functionality).
C-REVERB PRBS (correction).

Transmitter referred virtual noise (new functionality).

Annex P on reduced transmit power requirements (new functionality).

Amendment 5 to Recommendation ITU-T G.992.3 (2005) was approved on 22 June 2008 by ITU-T
Study Group 15 (2005-2008) under Recommendation ITU-T A.8 procedure.
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Recommendation ITU-T G.992.3

Asymmetric digital subscriber linetransceivers2 (ADSL 2)

Amendment 5

1 Erasure decoding
Change last row of Table 7-7 as follows:

7.6.1 Derived definitions

Table 7-7 displays several definitions of symbols that derive from the PMS-TC control parameters
and that are used to describe characteristics of the ATU data frame. These definitions are for clarity
only.

Table 7-7 — Derived characteristics of the ATU data frame

Symbols Definition and value

INP, Definition: impulse noise protection for latency path p (INP) is defined as the number
of consecutive DMT symbols or fractions thereof, as seen at the input to the
de-interleaver, for which errors can be completely corrected by the error correcting
code, regardless of the number of errors within the errored DMT symbols (see Note).

When the Reed-Solomon decoder in the receiver does not use erasure decoding, the
INP, shall be computed as:

R
P
N_FE
| FEC,

_ _INP_no_erasure, = l x(S xD )x DMT symbols,
- - P12 p p

where parameters D,,, and R, are defined in Table 7-6 and parameters Negc p and S are

defined in this table. When erasure decoding is used, INP, might not equal
INP_no_erasure,.

NOTE — This is equivalent to the number of consecutive errored octets within any block of
(Nrgc p— 1)'Dp + 1 octets, as seen at the input to the de-interleaver, for which errors can be
completely corrected by the error correcting code, divided by L/8. the number of octets loaded
in a DMT symbol for latency path p. The parameter L, is defined in Table 7-6.Definition:

Impulse Neise Protection HNP-in-number-of DPMTsymbels-ef lateneypath-funetion#p

Change clause 7.10.1.1 as follows:

Insert as second bullet in bullet list:
. Support for erasure decoding reporting;
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Change Table 7-18 as follows:

Table 7-18 — Format for PMS-TC capability list information

Npar (2) bit Definition of Npar (2) bit

This bit is set to a-ene-ONE if the ATU has the capability to transport the NTR signal
in the downstream direction.

Erasure This bit is set to ONE if the ATU supports reporting in R-PARAMS message as to
decoding whether or not erasure decoding is being used on the downstream latency paths.
reporting

Change Table 7-19 as follows:

Table 7-19 — Format for PM S-TC mode select infor mation

Npar (2) bit Definition of Npar (2) bit

Set to +ONE if and only if this bit was set to + ONE in both the last previous CL
message and the last previous CLR message.

When set to+ ONE, both ATUs shall transport the NTR signal in the downstream
direction, such that the NTR signal is made available at the T-R interface.

When set to-8 ZERO, indicates that the NTR signal is not available at the T-R

interface.
Erasure Set to ONE if and only if this bit was set to ONE in both the last previous CL message
decoding and the last previous CLR message.
reporting When set to ONE, indicates that the R-PARAMS message (see clause 7.10.3) shall

report on whether or not erasure decoding is used on the downstream latency paths.

When set to ZERO, indicates that the R-PARAMS message (see clause 7.10.3) shall
not report on the use of erasure decoding on the downstream latency paths.

Change clause 7.10.3 as follows (add one line in bullet list, and change octet 8 row):

7.10.3 Exchange phase

The information in R-PARAM includes:

The latency path MSGp to carry the downstream message-oriented portion of the overhead
channel.

Assignment of downstream frame bearers to downstream latency paths.

The number of message octets MSG included in the downstream overhead structure.

Bp,n for each downstream latency path and frame bearer.

M, for each downstream latency path.

R, for each downstream latency path.

D, for each downstream latency path.

Ty for each downstream latency path.

L, corresponding to each downstream latency path.

The indication whether or not erasure decoding is used for each downstream latency path.
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Table 7-21 — Format for PMS-TC PARAM S information

ngrﬁt?ter PMSTC format Description
i bits [8 x i+ 7 to 8 x i + 0] P
Octet 8 [memmm mmmm] bit 7 | In C-PARAMS, the bit e shall be coded as ZERO.

to 0 If the last previous MS message has the 'erasure decoding

reporting' bit (see Table 7-19) set to ZERO for the selected
operating mode, then in R-PARAMS, the bit e shall be coded
as ZERO.

If the last previous MS message has the 'erasure decoding
reporting' bit (see Table 7-19) set to ONE for the selected
operating mode, then in R-PARAMS, the bit e shall be coded
as:

ZERO: Erasure decoding is used;

ONE: Erasure decoding is not used.

The bit e is always present and set to ZERO if not used.

The bits mmmmmmmm give the value of Mp for latency path
#0. They are always present and set to zero if not used.

Change clause 8.12.3 as follows (add one line to the bullet list):
8.12.3 Test parameters

The following test parameters shall be passed on request from the receive PMD transmit function to
the near-end management entity:

. Channel Characteristics Function H(f) per subcarrier (CCF-ps);

. Quiet Line Noise PSD QLN(f) per subcarrier (QLN-ps);

. Signal-to-Noise Ratio SNR(f) per subcarrier (SNR-ps);

. Line Attenuation (LATN);

. Signal Attenuation (SATN);

. Signal-to-Noise Margin (SNRM);

. Attainable Net Data Rate (ATTNDR);

. Far-end Actual Aggregate Transmit Power (ACTATP):; and

. Far-end Actual Impulse Noise Protection for each bearer channel (INP_act,).
Add new clause 8.12.3.9:

8.12.3.9 Actual impulse noise protection (INP_act)

The actual impulse noise protection INP_act, of bearer channel #n is defined in clauses K.1.7, K.2.7
or K.3.7 (depending on the TPS-TC type). The value shall be represented as an 8-bit unsigned
integer inpact, with the value of INP_act defined as INP_act = inpact/10 DMT symbols. This data
format supports an INP_act granularity of 0.1 DMT symbols and an INP_act dynamic range of 0
to 25.4. The value inpact = 255 is a special value indicating an INP_act value higher than 25.4 DMT
symbols.
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Add row at the end of Table 9-30:

Table 9-30 — PMD test parameter 1D values

Test
parameter Test parameter name L_ength for Length for Length for
D singleread | multipleread block read
2716 Far-end actual impulse 4 octets N/a N/a
noise protection (INP_act)

Add paragraph at the end of clause 9.4.1.10:

In transferring the value of INP_act, for each of the bearer channels, the INP_act, for bearer channel

#0 shall be inserted into the message first, followed by INP_act;, INP_act, and INP_acts. The

INP_act,

shall be coded as FFj¢_to indicate bearer #n is disabled. Support of the INP act test

parameter reporting is optional. However if in the last previous CLR message, the ATU-R set the

'erasure decoding reporting' bit (see Table 7-19) to ONE for the selected operating mode, then the

ATU-R shall support INP_act test parameter reporting.

Add row to Table K.2 after INP_min row (same for Tables K.9 and K.18):

TableK.2-STM-TC parameters

Par ameter Definition

INP_no

erasure not_required, | When set to ZERO for at least one bearer channel transported in latency

path #p, the receiver shall set the derived parameter
INP, = INP _no erasure,.

When set to ONE for all bearer channels transported in latency path #p,
the receiver is not required to set INP, = INP_no erasure,.

NOTE — For backward compatibility reasons, this bit is named and coded
opposite from G.993.2.

Change the following paragraph of clausesK.1.7, K.2.7 and K.3.7:

The impulse noise protection INP_act, of transport of stream #n shall always be set to the value of
the derived parameter INP, of the underlying PMS-TC path function and constrained such that

INP_act,

> INP_min,_according to the definition of INP, (see Table 7-7) regardless of any vendor

discretionary techniques including, for example, the use of erasure decoding. The values net_act,,

delay_act, and INP_act, are not control parameters; these values are the result of specific
initialization and reconfiguration procedures.

Add row to Table K.3 after INP_min row (same for Tables K.10 and K.19):

TableK.3-Valid configuration for STM-TC function

Parameter Capability
INP_no erasure not reguired 0.1 (Boolean
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Add row to Table K.4 after INP_min row (same for Tables K.11 and K.20):

Table K.4 —Mandatory downstream configuration for STM-TC function #0

Parameter Capability

INP no erasure not required

1S

Add row to Table K.5 after INP_min row (same for Tables K.12 and K.21):

Table K.5—-Mandatory upstream control configuration for STM-TC function #0

Parameter Capability

INP_no erasure not reguired

1<

Change Table K.6 as follows:

TableK.6 —Format for an STM-TC CL and CLR message

Definition of the parameter block of Npar (3) octets

A parameter block of 10 octets containing:

— the maximum supported value of net_max;

— the maximum supported value of net_min;

— the maximum supported value of net_reserve;

— the maximum supported value of delay_max;

— the maximum supported value of error_max;

— the minimum Impulse Noise Protection INP_min;

— the value of INP no erasure not reguired: and

— the Clpolicy bitmap.
The unsigned 12-bit net_max, net_min and net_reserve values represent the data
rate divided by 4000 bit/s.

The delay_max is a 6-bit unsigned value expressed in ms. A value of 000000
indicates no delay bound is being imposed.

The error_max is a 2-bit indication, defined as 00 for an error ratio of 1E-3, 01 for
an error ratio of 1E-5, and 10 for an error ratio of 1E-7. The value 11 is reserved.

The INP_min value is an 8-bit indication, with values coded as defined in
Table K.6a.

The INP no erasure not reguired is a 1-bit value (Boolean) (see Note 1).

The Clpolicy (see clause 7.10.3) is a 2-bit bitmap, representing the channel
initialization policies ZERO and ONE (see Note_2).
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TableK.6 —Format for an STM-TC CL and CLR message

NOTE 1 — This bit is defined for downstream bearer channels only. It shall be set to the same value for all

downstream TC types (see clause 6.6.1.1) supported over a particular bearer channel. It may be set to a

different value for different downstream bearer channels. In a CL. message, this bit shall be set to ZERO if

the 'erasure decoding reporting' bit is set to ZERO. In a CLR message, this bit shall be set to the same

value as the 'erasure decoding reporting' bit.

NOTE 2 — The CLR message shall indicate one or more policies supported by the ATU-R. The CL
message shall indicate the single policy enabled by the CO-MIB. Support or enabling of only policy
ZERO may be explicitly indicated by setting the related G.994.1 codepoint, or implicitly by not including
the policy codepoints in the CLR or CL message.

Change Table K.7 as follows:

TableK.7 —Format for an STM-TC M S message

Definition of the parameter block of Npar (3) octets

A parameter block of 10 octets containing:

the value of net_max;

the value of net_min;

the value of net_reserve;

the value of delay _max;

the value of error_max;

the minimum Impulse Noise Protection INP_min; and

the value of INP_no_erasure not required (see Note 1); and

the Clpolicy bitmap (see Note 2).

The format and usage of the octets is as described in Table K.6.

NOTE 1 — This bit shall be set to ONE if and only if it was set to ONE in both the last previous CL

message and the last previous CLR message.

NOTE 2 — The MS message shall indicate the policy enabled for use with the bearer channel. Enabling of
policy ZERO may be explicitly indicated by setting the related G.994.1 codepoint, or implicitly by not
including the policy codepoints in the MS message.

Rec. ITU-T G.992.3 (2005)/Amd.5 (06/2008)




Change Table K.15 as follows:

TableK.15—-Format for an ATM-TC CL and CLR message

Definition of the parameter block of Npar (3) octets

A parameter block of 10 octets containing:

the maximum supported value of net_max;

the maximum supported value of net_min;

the maximum supported value of net_reserve;
the maximum supported value of delay_max;

the maximum supported value of error_max;

the minimum Impulse Noise Protection INP_min;
the value of INP_no_erasure not_required;

the support of IMA_flag; and
the Clpolicy bitmap (see Note 2 in Table K.6).

The format and usage of the octets is as described in Table K.6. The IMA flagis a
single bit indication, set to 1 if IMA is supported and set to 0 if IMA is not
supported or disabled.

Change Table K.16 as follows:

TableK.16 — Format for an ATM-TC M S message

Definition of the parameter block of Npar (3) octets

A parameter block of 10 octets containing:

the value of net_max;

the value of net_min;

the value of net_reserve;

the value of delay _max;

the value of error_max;

the minimum Impulse Noise Protection INP_min;
the value of INP_no_erasure not_required;

the value of the IMA_flag; and
the Clpolicy bitmap (see Note 2 in Table K.7).

The format and usage of the octets is as described in Table K.15 and Table K.7.
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Change Table K.22 as follows:

TableK.22 —Format for aPTM-TC CL and CLR message

Definition of the parameter block of Npar (3) octets

A parameter block of 11 octets containing:

— the maximum supported value of net_max;

— the maximum supported value of net_min;

— the maximum supported value of net_reserve;

— the maximum supported value of delay_max;

— the maximum supported value of error_max;

— the minimum Impulse Noise Protection INP_min;
— the value of INP_no_erasure not_required;

— the encapsulation type (see clause K.3.8); and
— the Clpolicy bitmap (see Note 2 in Table K.6).
The format and usage of the octets is as described in Tables K.6 and K.22a.

Change Table K.23 as follows:

TableK.23 - Format for an PTM-TC M S message

Definition of the parameter block of Npar (3) octets

A parameter block of 11 octets containing:

— the value of net_max;

— the value of net._min;

— the value of net_reserve;

— the value of delay_max;

— the value of error_max;

— the minimum Impulse Noise Protection INP_min;
— the value of INP_no_erasure not_required;

— the encapsulation type (see clause K.3.8); and
— the Clpolicy bitmap (see Note 2 in Table K.7).
The format and usage of the octets is as described in Tables K.67, K.22 and K.22a.

2 I mpulse noise monitor

Add at end of clause 8.12.1 (ADSL line primitives)
Impulse noise monitoring primitives: see clause 8.12.6.3.
Add new clause 8.12.6 as follows:

8.12.6 Impulse noise monitoring (INM) facility
The INM facility is defined only for the ATU-R.

This clause describes the INM procedure (clause 8.12.6.1) and associated INM configuration
parameters (clause 8.12.6.2) and INM primitives (clause 8.12.6.3).
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8.12.6.1 Procedure of theINM facility
Figure 8-22a shows the INM facility functional block diagram.

Indication of Anomalies
Severely Degraded
Data o Eq INP N
INS Symbols 71 Generation qul(NP
Impulse Noise Cluster AT
Sensor Indicator . INM
Anomalies Counters
AT o Generation
"] Generation '

Figure 8-22a — Impulse noise monitor facility functional block diagram

The impulse noise sensor (INS) indicates whether a data symbol is severely degraded or not. A data
symbol is considered to be severely degraded when it would lead to severe errors on the gamma
interface when there would be no impulse noise protection (i.e., RS only used for coding gain). The
implementation details for this sensor are vendor-discretionary.

NOTE 1 — Performance requirements for the INS are for further study.

If a sync symbol occurs between two data symbols (severely degraded or not), the impulse noise
sensor shall disregard it.
NOTE 2 — If a sync symbol occurs between two groups of, respectively, N1 and N2 consecutive severely

degraded data symbols, the two groups will form a single group of consecutive severely degraded data
symbols of length N1 + N2 data symbols.

The cluster indicator indicates short groups of severely degraded data symbols as clusters. The
cluster can contain a single severely degraded data symbol, a group of consecutive severely degraded
data symbols, or several groups of one or more consecutive severely degraded data symbols with
gaps between the groups.

The cluster indicator shall use the following rule to identify the cluster. A gap is defined as a group
of non-severely degraded data symbols in-between two severely degraded data symbols. A cluster is
defined as the largest group of consecutive data symbols, starting and ending with a severely
degraded data symbol, containing severely degraded data symbols, separated by gaps smaller than or
equal to INMCC (the cluster continuation parameter, see clause 8.12.6.2.3).

As a consequence of the above definition of a cluster, each cluster starts with a severely degraded
data symbol preceded by a gap larger than INMCC and ends with a severely degraded data symbol
followed by a gap larger than INMCC, while gaps inside the cluster are all smaller than or equal to
INMCC.

In the Eq INP generation block, the "equivalent INP" of the cluster is generated. For each cluster, the
following characteristics shall be determined:

— The impulse noise cluster length (INCL), defined as the number of data symbols from the
first to the last severely degraded data symbol in the cluster.

— The impulse noise cluster degraded (INCD) data symbols, defined as the number of severely
degraded data symbols in the cluster.

— The impulse noise cluster number of gaps (INCG), defined as the number of gaps in the
cluster, with gap as defined above.
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Depending on the value of the control parameter INM_INPEQ MODE, the equivalent INP is
generated as:

- INM _INPEQ MODE =0: INP_eq=INCL with INMCC = 0 (see clause 8.12.6.2.3).
- INM_INPEQ MODE=1: INP_eq=INCL with INMCC as configured (see
clause 8.12.6.2.3).

- INM_INPEQ MODE=2: INP_eq=INCD with INMCC as configured (see
clause 8.12.6.2.3).

- INM_INPEQ MODE = 3:

1
INCG

8*erasuregain

For INCG < (8*erasuregain): INP _eq=min| INCL,ceil| INCD *

For INCG = (8*erasuregain): INP _eq=INCL
with INMCC configured as described in clause 8.12.6.2.3, and

where the erasuregain is defined as:

INP
erasuregain= with INP, and INP no erasure as defined in
INP _no_ erasure

clause 7.6.1.

NOTE 1 — In case the bit "INP_no_erasure not_required" (as defined in Table K.2 and as exchanged
during the G.994.1 phase) is set to ZERO, the erasuregain is equal to 1.

NOTE 2 — For the case of R = 16, the INM_INPEQ MODE = 3 formula is a lower bound of the
INP_min setting required to provide error-free operation for the measured clusters. It is a good
approximation for R values close to 16. Optimal choice of framing parameters typically leads to
R values close to 16, even more so for large INP_min values. Choice of values R < 16 may lead to
lower performance for impulse noise clusters with gaps.

— INM _INPEQ MODE =4: In this mode, the value of INP_eq shall correspond with the
ATU-R's own estimate in the downstream direction, of the INP_min setting required to
provide error-free operation for the cluster, with INMCC as configured (see
clause 8.12.6.2.3). The method of computation of the ATU-R's own estimate is
vendor-discretionary. For INM_INPEQ MODE = 4 only, if INMCC is set to 64, the ATU-R
shall use its own method for cluster indication. If INMCC < 64, the ATU-R shall use the
cluster indicator as described in this clause for the INM_INPEQ MODE =1, 2 and 3.

Anomalies are generated for several values of INP_eq, as defined in clause 8.12.6.3.1. The counters
of these anomalies represent the INP_eq histogram.

In the IAT generation block, the inter arrival time (IAT) is generated as the number of data symbols
from the start of a cluster to the start of the next cluster. If sync symbols occur between two clusters,
they shall not be counted in the IAT. Anomalies are generated for several ranges of inter arrival time,
as defined in clause 8.12.6.3.3. The counters of these anomalies represent the IAT histogram.

For every data symbol, the total measurement count INMAME is increased by 1.
8.12.6.2 Configuration parametersof the INM facility

8.12.6.2.1 Definition of configuration parameter INMIATO

Configuration parameter INMIATO defines the INM inter arrival time offset for the IAT anomaly
generation in order to determine in which bin of the inter arrival time histogram the IAT is reported
(see clause 8.12.6.3.3).
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The CO MIB shall provide the value for the INMIATO parameter. The parameter in the downstream
direction is INMIATOds, and the parameter in the upstream direction is INMIATOus.

The valid values for INMIATO in both directions range from 3 to 511 DMT symbols in steps of 1
DMT symbol. If the ATU supports the INM facility, it shall support all valid values.

Upon entering the first showtime after power-up, the ATU-R shall use a default value of
INMIATOds = 3. During showtime, this value may be overwritten by the ATU-C using an INM
facility command defined in clause 9.4.1.11. A link state transition shall not affect the INMIATOds
value (e.g., not reset the value to the default value).

The ATU-C shall use the current value of INMIATOus stored in the CO MIB.

8.12.6.2.2 Definition of configuration parameter INMIATS

Configuration parameter INMIATS defines the INM inter arrival time step for the IAT anomaly
generation in order to determine in which bin of the inter arrival time histogram the IAT is reported
(see clause 8.12.6.3.3).

The CO MIB shall provide the value for the INMIATS parameter. The parameter in the downstream
direction is INMIATSds, and the parameter in the upstream direction is INMIATSus.

The valid values for INMIATS range from 0 to 7 in steps of 1. If the ATU supports the INM facility,
it shall support all valid values.

Upon entering the first showtime after power-up, the ATU-R shall use a default value of
INMIATSds = 0. During showtime, this value may be overwritten by the ATU-C using a INM
facility command defined in clause 9.4.1.11. A link state transition shall not affect the INMIATSds
value (e.g., not reset the value to the default value).

The ATU-C shall use the current value of INMIATSus stored in the CO MIB.
8.12.6.2.3 Definition of configuration parameter INMCC

Configuration parameter INMCC defines the INM cluster continuation value to be used in the cluster
indication process described in clause 8.12.6.1. If INM_INPEQ MODE = 0, INMCC is equal to
zero, independent of the CO MIB setting. If INM_INPEQ MODE > 0, the CO MIB shall provide
the value for the INMCC parameter. The parameter in the downstream direction is INMCCds, and
the parameter in the upstream direction is INMCCus.

The valid values for INMCC range from 0 to 64 DMT symbols in steps of 1 DMT symbol. If the
ATU supports the INM facility, it shall support INMCC = 0. If the ATU supports the INM facility,
and supports any INM_INPEQ MODE > 0, it shall support all valid values.

Upon entering the first showtime after power-up, the ATU-R shall use a default value of
INMCCds = 0. During showtime, this value may be overwritten by the ATU-C using a INM facility
command defined in clause 9.4.1.11.

A link state transition shall not affect the INMCCds value (e.g., not reset the value to the default
value).

The ATU-C shall use the current value of INMCCus stored in the CO MIB.

8.12.6.2.4 Definition of configuration parameter INM_INPEQ_MODE

Configuration parameter INM_INPEQ MODE defines the means of computation of equivalent INP,
as defined in clause 8.12.6.1. The CO MIB shall provide the value for the INM_INPEQ MODE
parameter. The parameter in the downstream direction is INM_INPEQ MODEds, and the parameter
in the upstream direction is INM_INPEQ MODEus.
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The valid values for INM_INPEQ MODE are 0, 1, 2, 3 and 4. If the ATU supports the INM facility,
it shall support INM_INPEQ MODE = 0. All other modes are optional. If the ATU supports any
INM_INPEQ MODE > 0, it shall support at least INM_INPEQ MODE =1, 2 and 3.

Upon entering the first showtime after power-up, the ATU-R shall use a default value of
INM_INPEQ MODEds = 0. During showtime, this value may be overwritten by the ATU-C using a
INM facility command defined in clause 9.4.1.11.

A link state transition shall not affect the INM_INPEQ MODE value (e.g., not reset the value to the
default value).

The ATU-C shall use the current value of INM_INPEQ MODEUus stored in the CO MIB.

8.12.6.3 Primitivesof the INM facility
INM-related primitives represent anomalies related to PMD and PMS-TC sub-layers.

8.12.6.3.1 Definition of INM INPEQ histogram primitives

INMAINPEQ,.INMAINPEQs: Every INMAINPEQ; is a primitive detected at the near end only.
This anomaly occurs when the equivalent INP (as defined in clause 8.12.6.1) is exactly i DMT
symbols.

INMAINPEQ,; is a primitive detected at the near end only. This anomaly occurs when the
equivalent INP (as defined in clause 8.12.6.1) is strictly more than 16 DMT symbols.

8.12.6.3.2 Definition of INM total measurement primitive

INMAME is a primitive detected at the near end only. This indication occurs every time a data
symbol is processed by the impulse noise sensor.

8.12.6.3.3 Definition of INM inter arrival time histogram primitives

INMAIAT), is a primitive detected at the near end only. This anomaly occurs when the reported
value of IAT falls in the range from 2 to INMIATO — 1, both boundaries inclusive.

INMAIAT,..INMAIATs: Every INMAIAT; is a primitive detected at the near end only. This
anomaly occurs when the reported value of IAT falls in the range from
INMIATO + (i — 1)*2™™MATS) to (INMIATO — 1) + i*(2"™"™M"15), both boundaries inclusive.

INMAIATS; is a primitive detected at the near end only. This anomaly occurs when the reported
value of IAT, falls in the range from INMIATO + 6*(2™"!4T5) to infinity.

Change clause 9.4.1 as follows.

All commands received from Tables 9-2, 9-3 and 9-4 are mandatory, except when noted otherwise.
All mandatory commands shall have a response, noting that the PMS-TC function will discard
improperly framed or formatted messages. The responder shall respond within the timeout period
displayed in Table 7-17 (dependent on the overhead command priority) less than 50 ms to prevent
protocol glare interaction between the ATUs. Shorter responses are allowed and may be required in
some application-specific situations outside the scope of this Recommendation.

The ATU should reply with unable-to-comply (UTC) response on the optional commands for which
the ATU does not recognize the assigned message designator value. The UTC response shall include
2 octets: the first octet of the UTC shall be the same as the first octet of the received command, and
the second octet shall be FF;¢. The UTC response shall be sent as a high priority overhead message.

NOTE — If the UTC response is not supported, the command will time out. This would reduce the efficiency
of the eoc.

12 Rec. ITU-T G.992.3 (2005)/Amd.5 (06/2008)



Table 9-2 — Highest priority over head messages

M essage and Direction Command content Response content
designator

On-line From a receiver | New configuration including | Followed by either a line signal
Reconfiguration | to the all necessary PMS-TC and corresponding to the
(OLR) transmitter PMD control values. PMD.Synchflag primitive (not a
Command OLR command) or an OLR
0000 00014 command for defer or reject.
NOTE — The UTC response shall be sent as a high priority overhead message.

Table9-4 —Low priority overhead messages

M essage and Direction Comment content Response content
designator

PMD Test From either ATU to | Parameter number for single Followed by a PMD test

Parameter Read | the other read, parameter number and parameter read command

Command subcarrier id for multiple read, response including the

1000 0001, null for next multiple read. requested test parameters or a
negative acknowledge.

INM facility From ATU-C to Set or read out the INM data. An acknowledgment of the

1000 1001, ATU-R INM facility set command,

tional or a response including the

{optional) INM data.

Non-Standard From one ATU to Non-standard identification field | Followed by a non-standard

Facility Low the other followed by message content. facility command for either

Priority acknowledge or negative

Command acknowledge to indicate if

1011 1111, the non-standard
identification field is
recognized.

Add new clause 9.4.1.11
9.4.1.11 INM facility commands and responses

Support of the INM facility commands and responses is optional.

An ATU-R that supports the INM functionality shall maintain INM counters to measure the impulse
noise, as described in ITU-T Rec. G.997.1 [4]. The INM facility commands shall be used to update
and read the INM parameters at the ATU-R.

The INM facility command shall be used also to retrieve the current value of the INM counters
maintained by the far-end ATU in accordance with ITU-T Rec. G.997.1 [4].

The INM facility commands are described in Table 9-30a, and may only be initiated by the ATU-C.
The ATU-R shall reply using one of the responses shown in Table 9-30b. The first octet of all INM
facility commands and responses shall be the assigned value for the INM facility command type, as
shown in Table 9-4. The remaining octets shall be as specified in Tables 9-30a and 9-30b for

commands and responses, respectively.
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Table 9-30a—INM facility commands sent by the ATU-C

Name Length (Octets) Octet Content
number
Read INM counters 2 2 0246
Set INM parameters 6 2 036
3to6 4 octets of INM parameters: see Table 9-30e.

Read INM 2 2 0446

parameters

NOTE — All other values for octet number 2 are reserved by ITU-T.

Table 9-30b — INM facility responses sent by the ATU-R

Name Length (Octets) nlcj)rﬁtgter Content
ACK 3 2 8016
3 1 octet INM acceptance code: see Table 9-30c.

NACK 2 2 8116
INM counters 107 2 8216

3to2+4 x | Octets for all of the INM counter values: see

(17+ 1+ 8) | Table 9-30d.

107 1 octet INMDF
INM parameters 6 2 846
3t06 4 octets of INM parameters: see Table 9-30e.

NOTE — All other values for octet number 2 are reserved by ITU-T.

Upon reception of any INM facility command, the ATU-R shall send NACK in response, if it
does not support the INM procedure or the INM command is invalid. Upon reception of an INM
facility set INM parameters command, the ATU-R shall send the ACK in response if it does support
the INM procedure.

In case all INM parameter values listed in the set INM parameters command are valid and supported
by the ATU-R, the ATU-R shall accept all of the INM parameters contained in the command. The
INM acceptance code (see Table 9-30c) will indicate that the parameters are accepted. If, for any of
the INM parameters, the value in the command is different from the value in active use by the INM,
the ATU-R shall activate the new INM parameter values and reset the counters less than 1 second
after sending the ACK.

In case any INM parameter value listed in the set INM parameters command is valid but not
supported by the ATU-R, the ATU-R shall not accept any of the INM parameters and shall not reset
the counters.

Upon reception of the INM facility read INM parameters command, the ATU-R shall send the INM
parameters response that includes the current value of the ATU-R INM parameters.

Table9-30c— ATU-R INM acceptance code

Name Octet # Content
ACC-INM_INPEQ MODE 3 806: value for INM_INPEQ MODE accepted
NACC-INM_INPEQ MODE 3 81¢: value for INM_INPEQ_ MODE not supported

14 Rec. ITU-T G.992.3 (2005)/Amd.5 (06/2008)



Upon reception of the INM facility read INM counters command, the ATU-R shall send the INM
counters response, which includes the INMDEF. Any function of either the requesting ATU-C or the
responding ATU-R shall not be affected by this command.

The INM counter values shall be derived according to ITU-T Rec. G.997.1 [4] from locally
generated defects and anomalies defined within clause 8.12.6.3. The parameters shall be transferred
in the order (top to bottom) defined in Table 9-30d. All counter values are defined as 32-bit counters
and shall be mapped to the response in order of most significant to least significant octet.

The INM counters shall be reset at power-up, and shall not be reset upon any link state transition,
and shall not be reset upon read. They shall be reset at activation of the new INM parameter values.
The reset value is zero. The INM counters and the procedure to update the counters shall work
continuously and independently of other (proprietary or non-proprietary) features, e.g., the INM
shall work in the presence of OLR and without interruption.

NOTE — The ATU-C should respond to the request from the NMS to read the values of INM counters. It is

left to the implementations to store and update the counters as necessary for accurate monitoring and
reporting.

Table9-30d — ATU-R INM counters

INM counters

Counter of the INMAINPEQ), anomalies
Counter of the INMAINPEQ, anomalies

Counter of the INMAINPEQ s anomalies
Counter of the INMAINPEQ;; anomalies
Counter of the INMAIAT, anomalies
Counter of the INMAIAT, anomalies

Counter of the INMAIAT anomalies
Counter of the INMAIAT; anomalies
Counter of the INMAME anomalies

The ATU-R shall set the INM default flag (INMDF) to ONE, whenever all active INM parameters
are equal to the default values. The ATU-R shall set the INM default flag (INMDF) to ZERO,
whenever any active INM parameter is different from the default value.

The INM parameter values shall be transferred in the order defined in Table 9-30e, and mapped in
order of most significant to least significant octet.

Table 9-30e— ATU-R INM parameters

Octet # INM parameter
3-4 2 octets:
— The 9 LSBs are INMIATO.
— The 4 MSBs are INMIATS.

1 octets: INMCC
1 octets: INM_INPEQ MODE
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3 C-REVERB PRBS

Change the equation in clause 8.13.4.1.1 (C-REVERB1) as follows (i.e., insert minus sign between
"2" and "n" in sub-index of d in 4th line of equation):

The data pattern modulated on a C-REVERB symbol shall be the pseudo-random binary sequence
(PRBS), d for n=1 to 4 x NSCds, defined as follows:

=1 forn=1to09;
=d,_4Dd 9 for n=10 to 2x NSCds;
dp = d,_oNSCds for n=2xNSCds+1to 2x NSCds+2;

= dyuNSCdst2-n for n=2x NSCds+ 3 to 4x NSCds (n odd);
=1® dynsedsea—n  for N=2XNSCds+ 3 to 4x NSCds (neven);

4 Virtual noise
Add rows at end of Table 8-6 as follows:

Table 8-6 — Thereceive PM D function control parameters

Parameter Definition

SNRM_MODE | This parameter enables the transmitter-referred virtual noise. The parameter can be
different for ATU-C (SNRM_ MODEus) and ATU-R (SNRM MODEds), and is
configured through the CO-MIB. If set to 1, the virtual noise is disabled. If set to 2, the
virtual noise is enabled.

TXREFVN The transmitter-referred virtual noise PSD to be used in determining the SNR margin
(see clause 8.5.1.1). The parameter can be different for ATU-C (TXREFVNus) and

ATU-R (TXREFVNds), and is configured through the CO-MIB. The TXREFVNds is
exchanged during the initialization channel discovery phase.

Add new clause 8.5.1.1.
85.1.1 Transmitter-referred virtual noise PSD

This clause describes the transmitter-referred virtual noise PSD parameter TXREFVN, used only in
the optional SNR margin mode SNRM_MODE = 2.

8.5.1.1.1 Definition of parameter TXREFVN

Configuration parameter TXREFVN defines the transmitter-referred virtual noise PSD to be used in
determining the SNR margin.

The CO-MIB shall provide a TXREFVN parameter set for each utilized band when
SNRM_MODE =2.

The transmitter-referred virtual noise PSD in the CO-MIB shall be specified by a set of breakpoints.

Each breakpoint shall consist of a subcarrier index tn and a noise PSD (expressed in dBm/Hz). The
TXREFVN parameter for each utilized band shall be a set of breakpoints that are represented by [(1,
PD)), (t, PD,), ..., (tn, PDy), (tnep, PDner)], where t; and tygp are, respectively, the lower and
higher passband edge subcarrier indices corresponding to the passband edge frequencies defined in
the applicable annex for the operation mode, and represented by f|_ and fu.

The subcarrier indices t; shall be coded in the CO-MIB as unsigned integers in the range from
t; = roundup(f./Af) to tygp = rounddown(f/Af), where Af is the subcarrier spacing used by the DMT
modulation, defined in clause 8.8.1. The breakpoints shall be defined so that ty < th;; for n =1 to
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N — 1; the frequency f, corresponding to the index t, can be found as: f, = t, x Af.

The values for the transmitter-referred virtual noise PSD shall be coded as 8-bit unsigned integers
representing virtual noise PSDs from —40 dBm/Hz (coded as 0) to =140 dBm/Hz (coded as 200), in
steps of 0.5 dBm/Hz. Values from 201 to 255, inclusive, correspond to a virtual noise PSD of zero
W/Hz (minus infinity dBm/Hz).

The maximum number of breakpoints is 16 in the downstream and 4 in the upstream direction.

The parameter in the downstream direction is TXREFVNds, and the parameter in the upstream
direction is TXREFVNus.

8.5.1.1.2 Useof parameter TXREFVN

The transmitter-referred virtual noise PSD, for each subcarrier i, shall be obtained by linear
interpolation in dB on a linear frequency scale as follows:

TX_referred_Virtual_Noise PSD(i) = PSD,, + (PSD,,,; — PD,) x i

t, <i<t,,

n+l _tn
The near-end transceiver should apply the Received Virtual Noise PSD (see clause 8.12.3.6.1.2) at
the constellation decoder point (i.e., the transceiver does not need to account for DFT leakage effects

from one subcarrier to another subcarrier). All effects are to be taken into account in the setting of
the TXREFVN in the CO-MIB.

NOTE 1 - Since the in-band portion of the spectrum is expected not to significantly depend upon the
transmitter filter characteristics (see clause 8.12.3.1), the above method is equivalent to the near-end
transceiver calculating its bit loading using the following Virtual Noise SNR for the subcarrier with index i,
at the constellation decoder (all terms are expressed in dB):

Virtual Noise SNR(i) =S tx(i) — N_tx(i) + 20 X logo(0i)
where:
S tx(i) = REFPSD + log_tssi(i)
N_tx(i)= TX referred Virtual Noise PSD(i)
gi= gain adjuster for the subcarrier with index i as defined in clause 8.6.4.

and REFPSD is defined in Table 8-5.

TX referred Virtual Noise PSD(i) is the transmitter-referred virtual noise PSD value for a
subcarrier with index i, obtained by interpolation of the NBP breakpoints of TXREFVN (i.c., NBPds
breakpoints for TXREFVNds and NBPus breakpoints for TXREFVNus).

The downstream TXREFVNds is sent in the C-MSG-PCB message during initialization, with the

value of NBPdSs set during the G.994.1 phase. If SNRM_MODE = 1 or either ATU does not support

downstream virtual noise, then the NBPds value = 0 (i.e., no breakpoints for downstream virtual

noise PSD shall be included in C-MSG-PCB). Each breakpoint shall be represented in 24 bits, with

bits 23 to 17 reserved and coded 0, bits 16 to 8 representing a subcarrier index in range 0 to NSCds —
1, and bits 7 to O representing an 8-bit PSD value as defined in clause 8.5.1.1.1.

NOTE 2 — Improper setting of TXREFVN can interact with the setting of one or more of the following
parameters: maximum net data rate, downstream maximum SNR margin, impulse noise protection, and
maximum interleaving delay. This interaction can result in high levels of transmit power that can lead to high
crosstalk experienced by DSLs on other pairs in the same binder.

NOTE 3 — Improper setting of one or more of the following parameters: maximum net data rate, maximum
SNR margin, impulse noise protection, maximum interleaving delay (in SNRM_MODE = 1), and TXREFVN
(in SNRM_MODE = 2). This interaction can result in high levels of transmit power that can lead to high
crosstalk experienced by DSLs on other pairs in the same binder. Specifically, high values of maximum net
data rate, maximum SNR margin, impulse noise protection, low values of maximum interleaving delay
(in SNRM_MODE = 1), and high values of TXREFVN (in SNRM_MODE = 2) are of concern.
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Change clause 8.12.3.2 as follows (add sentence to first paragraph):

8.12.3.2 Quiet linenoise PSD per subcarrier (QLN-ps)

The quiet line noise PSD QLN(f) for a particular subcarrier is the rms level of the noise present on
the line, when no ADSL signals are present on the line._The received virtual noise PSD as defined in
SNRM_MODE = 2 shall not be taken into account in QLN(f).

Change clause 8.12.3.3 as follows (add sentence to first paragraph):

8.12.3.3 Signal-to-noiseratio per subcarrier (SNR-ps)

The signal-to-noise ratio SNR(f) for a particular subcarrier is a real value which shall represent the
ratio between the received signal power and the received noise power for that subcarrier._The
received virtual noise PSD as defined in SNRM_MODE = 2 shall not be taken into account in

SNR(f).

Replace clause 8.12.3.6 with the following:
8.12.3.6 Signal-to-noiseratio mar gin{SNRM)

8.12.3.6.1 General definition of signal-to-noiseratio margin

The signal-to-noise ratio margin is the maximum increase (scalar gain, in dB) of the reference noise
PSD (at all relevant frequencies), such that the BER of each TPS-TC stream does not exceed the
maximum BER specified for the corresponding TPS-TC stream, without any change of
PMD parameters (e.g., bits and gains) and PMS-TC parameters (e.g., Ly, FEC parameters). The BER
is referenced to the output of the PMS-TC function (i.e., the o/ interface).

The definition of the reference noise PSD depends on the control parameter SNRM_MODE.

8.12.3.6.1.1 SNRM_MODE =1
SNRM_ MODE =1 is a mandatory capability for both ATUs.

The reference noise PSD equals the received current-condition external noise PSD only, as measured
by the near-end transceiver (i.e., equal to the PSD of the noise measured by the near-end transceiver
at the constellation decoder or other relevant internal reference point when the only noise source is
the external stationary noise applied to the U interface and no internal noise sources are present).

NOTE — Mathematically this can be illustrated by:

Received External Noise PSD = | Hrxge(f) | X External Noise PSD at U interface
8.12.3.6.1.2 SNRM_MODE =2
SNRM_MODE =2 is an optional capability for both ATUs.

The reference noise PSD equals the maximum of the received current-condition external noise PSD
(as defined in SNRM_MODE = 1) and the received virtual noise PSD, at a common internal
reference point.

The received virtual noise PSD shall be determined by the transceiver as defined in the following
equation.

Received Virtual Noise PSD = | H(f) |* x TXREFVN
where TXREFVN is the transmitter-referred virtual noise PSD MIB parameter.
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8.12.3.6.2 Signal-to-noise ratio margin parameter (SNRM)

The signal-to-noise ratio margin parameter, SNRM, is the signal-to-noise ratio margin (as defined in
clause 8.12.3.6.1) measured over all subcarriers in a transmission direction for which by > 0. The
received virtual noise PSD as defined in clause 8.12.3.6.1.2 shall be taken into account when
configured in SNRM_MODE = 2.

The signal-to-noise ratio margin shall be measured by the receive PMD function during initialization
and diagnostics mode. The measurement may be updated autonomously and shall be updated on
request during showtime. The signal-to-noise ratio margin shall be sent to the far-end transmit PMD
function during initialization and diagnostics mode (see clause 8.15.1) and shall be sent on request to
the near-end management entity. The near-end management entity shall send the SNRM to the
far-end management entity on request during showtime (see clause 9.4.1.10).

To determine the signal-to-noise ratio margin (SNRM), the receive PMD function must be able to
first determine the bits and gains table. During diagnostics mode, the receive PMD function may
measure the SNRM value or, alternatively, may use the special value to indicate that the SNRM value
was not measured.

The signal-to-noise ratio margin shall be represented as an 10-bit 2s complement signed integer
snrm, with the value of SNRM defined as SNRM = snrm/10 dB. This data format supports an SNRM
granularity of 0.1 dB and an SNRM dynamic range of —51.1 to +51.1 dB.

An SNRM value indicated as snrm =—512 is a special value. It indicates that the signal-to-noise ratio
margin is out of range to be represented. During diagnostics mode, the special value may also be
used to indicate that the SNRM value was not measured.

Change clause 8.12.3.7 as follows (add itemto bullet list in first paragraph):
8.12.3.7 Attainable net datarate (ATTNDR)

The attainable net data rate is the maximum net data rate that the receive PMS-TC and PMD
functions are designed to support, under the following conditions:

. Single frame bearer and single latency operation;

. Signal-to-Noise Ratio Margin (SNRM) to equal or be above the SNR Target Margin;

. BER not to exceed the highest BER configured for one (or more) of the latency paths;

. Latency not to exceed the highest latency configured for one (or more) of the latency paths;

. Accounting for all coding gains available (e.g., trellis coding, RS FEC) within latency
bound;

. Accounting for the loop characteristics at the instant of measurement:;

. Accounting for the received virtual noise PSD when configured in SNRM MODE = 2.

To accurately determine the attainable net data rate (ATTNDR), the receive PMD function must be
able to first determine the bits and gains table. Therefore, during diagnostics mode, the ATTNDR
value shall be defined as an estimate of the line rate (without coding), calculated as:

NSC-1 ,
ATTNDR = ( S llog, (1 +10(SNRG)-sgep-TARSNRM )10 )]]x 4 kbit/s

Rec. | TU-T G.992.3 (2005)/Amd.5 (06/2008) 19



with SNR(i X Af) in dB as defined in clause 8.12.3.3, but accounting for the received virtual noise
PSD when configured in SNRM_MODE = 2, and snrgap = 9.75 dB (see Note). The function [x] is
equal to 0 for x <0, is equal to BIMAX for x > BIMAX and rounding to the nearest integer for
0 <x < BIMAX. The values of BIMAX and TARSNRM are defined in Table 8-48.

Change Table 8-20 as follows (add row to Par(2) part):

Table 8-20 - ATU-C CL message Par(2) PMD bit definitions
NPar (2) bit Definition

Tones 1 to 32 Applies to ISDN-related service options only (see annexes).

Diagnostics Mode | When set to 1, indicates the ATU-C wants to enter diagnostics mode (see 8.15).
When set to 0, indicates the ATU-C wants to enter initialization (see 8.13).

Short Initialization | When set to 1, indicates the ATU-C supports the Short Initialization (see 8.14).
When set to 0, indicates the ATU-C does not support the Short Initialization.

Support of When set to 1. indicates that the ATU-C supports the use of the downstream virtual

downstream virtual | noise mechanism, and SNRM_MODEds = 2.

noise When set to 0, indicates that the ATU-C does not support the use of the downstream
virtual noise mechanism, or SNRM MODEds = 1.

Spar (2) bit Definition of related Npar (3) bits

Number of A one octet parameter block indicating the number of breakpoints for the

breakpoints for downstream virtual noise PSD (range 2 to 16, coded in 5 bits, see clause 8.5.1.1.2).

downstream virtual | Tpjg Spar(2) bit shall be set to the same value as the NPar(2) 'support of
noise PSD downstream virtual noise' bit.
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Change Table 8-21 as follows (add row at end of Par(2) part):

Table 8-21 — ATU-C M S message Par (2) PMD bit definitions

NPar (2) bit

Definition

Tones 1 to 32

Applies to ISDN related service options only (see annexes).

Diagnostics Mode

Set to 1 if the CL or the CLR message have this bit set to 1.
When set to 1, indicates both ATUs shall enter diagnostics mode (see 8.15).
When set to 0, indicates both ATUs shall enter initialization (see 8.13).

Short Initialization

Set to 1 if and only if this bit was set to 1 in both the last previous CL message and
the last previous CLR message.

When set to 1, indicates the ATUs may use the Short Initialization (see 8.14).
When set to 0, indicates the ATUs shall not use the Short Initialization.

Support of
downstream virtual

Set to 1 if and only if this bit was set to 1 in both the last previous CL and the last
previous CLR message.

noise

When set to 1, indicates that the downstream virtual noise mechanism shall be used
(see clause 8.5.1.1) and that the NBPds value shall be as indicated in the CL

message.

When set to 0, indicates that the downstream virtual noise mechanism shall not be
used and that the NBPds value shall be set to 0.

Spar (2) bit Definition of related Npar (3) bits
Number of Parameter block shall not be included. This SPar(2) bit shall be set to 0.

breakpoints for
downstream virtual

noise PSD

Change Table 8-22 as follows (add row to Par(2) part):

Table 8-22 - ATU-R CLR message Par (2) PMD bit definitions

NPar (2) bit

Definition

Tones 1 to 32

Applies to ISDN related service options only (see annexes).

Diagnostics Mode

When set to 1, indicates the ATU-R wants to enter diagnostics mode (see 8.15).
When set to 0, indicates the ATU-R wants to enter initialization (see 8.13).

Short Initialization

When set to 1, indicates the ATU-R supports the Short Initialization (see 8.14).
When set to 0, indicates the ATU-R does not support the Short Initialization.

Support of
downstream virtual

When set to 1, indicates that the ATU-R supports the use of the downstream virtual
noise mechanism.

noise

When set to 0, indicates that the ATU-R does not support the use of the downstream
virtual noise mechanism.

Spar (2) bit

Definition of related Npar (3) bits

Number of

breakpoints for
downstream virtual

noise PSD

Parameter block shall not be included. This SPar(2) bit shall be set to 0.
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Change Table 8-23 as follows (add row to Par(2) part):

Table 8-23 - ATU-R M S message Par (2) PMD bit definitions

NPar (2) bit

Definition

Tones 1 to 32

Applies to ISDN related service options only (see annexes).

Diagnostics Mode

Set to 1 if the CL or the CLR message have this bit set to 1.

When set to 1, indicates both ATUs shall enter diagnostics mode (see 8.15).
When set to 0, indicates both ATUs shall enter initialization (see 8.13).

Set to 1 if, and only if, this bit was set to 1 in both the last previous CL. message and
the last previous CLR message.

When set to 1, indicates the ATUs may use the Short Initialization (see 8.14).
When set to 0, indicates the ATUs shall not use the Short Initialization.

Short Initialization

Support of Set to 1 if and only if this bit was set to 1 in both the last previous CL and the last

downstream virtual | previous CLR message.

D01SC When set to 1, indicates that the downstream virtual noise mechanism shall be used
(see clause 8.5.1.1) and that the NBPds value shall be as indicated in the CL
message.
When set to 0, indicates that the downstream virtual noise mechanism shall not be
used and that the NBPds value shall be set to 0.

Spar(2) bit Definition of related Npar (3) bits

Number of Parameter block shall not be included. This SPar(2) bit shall be set to 0.

breakpoints for
downstream virtual

noise PSD

Change clause 8.13.3.1.11 asfollows:
8.13.3.1.11 C-MSG-PCB

In each direction, the transmit power will be reduced by a power cutback which is the highest of the
power cutback values determined by the ATU-R and the ATU-C. The ATU-C can consider its
receiver dynamic range as determined by observing R-COMB?2, the local line conditions determined
by the optional C-LINEPROBE, and policy matters such as spectral limits when determining its
cutback levels.

In order to provide non-reciprocal FEXT control, the ATU-C shall request an upstream transmit
power cutback in the C-MSG-PCB message, such that the power received at the ATU-C is no higher
than the maximum level indicated by MAXRXPWR as specified in the CO-MIB (see 8.5.1). The
power received at the ATU-C shall be measured over three subcarriers: subcarriers 12, 18 and 24 for
Annexes A and I and subcarriers 36, 42 and 48 for Annexes B and J.

NOTE 1 — The ATU-C should take into account the spectrum shaping on these subcarriers when determining
the required upstream power cutback (PCBus) value.

The C-MSG-PCB state is of fixed length. In the C-MSG-PCB state, the ATU-C shall transmit
96 + 72 x NBPds or 96 + 3 x NSCus + 72 x NBPds symbols of C-COMB or C-ICOMB to modulate
the C-MSG-PCB message and CRC, depending on whether the C-BLACKOUT bits are included or
not. The C-MSG-PCB message conveys the ATU-C determined power cutback levels for both the
upstream and downstream directions, the hook status as known by the ATU-C, and-the upstream
BLACKOUT bits_and the NBPds breakpoints for the downstream virtual noise PSD (see
clause 8.5.1.1.2).
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The ATU-C shall indicate in the C-MSG-FMT message whether the C-MSG-PCB message includes
the C-BLACKOUT bits or not. If the C-MSG-PCB does not include the C-BLACKOUT bits, the
C-MSG-PCB message, m, is defined by:

m:{m15+24><NBPds’ =mo}a

and bits shall be defined as shown in Table 8-27a.

Table 8-27a — Bit definition for the C-M SG-PCB message without BLACKOUT

Bit index Parameter Definition
5...0 C-MIN PCB DS | ATU-C Minimum Downstream Power Cutback
(6 bit value with MSB in bit 5 and LSB in bit 0)
11...6 C-MIN PCB US| ATU-C Minimum Upstream Power Cutback
(6 bit value with MSB in bit 11 and LSB in bit 6)
13...12 HOOK_ STATUS | Hook Status
(2 bit value with MSB in bit 13 and LSB in bit 12)
15...14 Reserved, set to 0.
15+24xNBPds...16 TXREFVNds NBPds breakpoints for downstream virtual noise PSD
(24 bits per breakpoint, as defined in clause 8.5.1.1.2)

If the C-MSG-PCB includes the C-BLACKOUT bits, the C-MSG-PCB message, m, is defined by:

m= {mlSJrNSCus+24><NBPd59 amo}z

Band bits shall be defined as shown in Table 8-27b.

Table 8-27b — Bit definition for the C-M SG-PCB message

Bit index Parameter Definition

5...0 C-MIN_PCB_DS | ATU-C Minimum Downstream Power Cutback
(6 bit value with MSB in bit 5 and LSB in bit 0)

11...6 C-MIN_PCB_US | ATU-C Minimum Upstream Power Cutback
(6 bit value with MSB in bit 11 and LSB in bit 6)

13...12 HOOK_STATUS Hook Status
(2 bit value with MSB in bit 13 and LSB in bit 12)

15...14 Reserved, set to 0.

15+ NSCus...16 C-BLACKOUT Blackout indication per subcarrier (subcarrier NSCus— 1 in
bit 15 + NSCus, subcarrier 0 in bit 16). Bit 16 shall be set to
0 (i.e., no blackout of DC subcarrier).

15+NSCus+24xNBPds | TXREFVNds NBPds breakpoints for downstream virtual noise PSD

... 16 + NSCus (24 bits per breakpoint, as defined in clause 8.5.1.1.2)
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The ATU-C Minimum Downstream Power Cutback level shall be coded as defined in Table 8-28.

Table 8-28 — ATU-C minimum downstream power cutback

Value (6 bits) ATU-C minimum d0\(/\(/jnBs)tream power cutback
0 0
1
40 40
41-63 Reserved

The ATU-C Minimum Upstream Power Cutback level shall be coded as defined in Table 8-29.

Table 8-29 — ATU-C minimum upstream power cutback

Value (6 bitS) ATU-C minimum u(;zjsér)eam power cutback
0 0
1
40 40
41-63 Reserved

The POTS hook status shall be coded as defined in Table 8-30. The hook state "Unknown" is
intended to be indicated by a device that normally indicates the on- or off-hook state. The state "Not
capable to detect" is intended to be indicated by a device that never indicates the on- or off-hook
state (e.g., is not capable or disabled to detect the hook state).

Table 8-30 —Hook status

Value (2 bits) Hook status
0 Unknown
1 On-hook
2 Off-hook
3 Not capable to detect

The POTS Hook Status shall be coded as Unknown when operating without underlying service
(i.e., Annexes I and J).
NOTE 2 — The POTS Hook Status may be indicated when operating with underlying service (i.e., Annexes A

and B). In the case of Annex B, the ADSL signal allows for an underlying ISDN service, however, it may
actually be operated with an underlying POTS service.

The C-BLACKOUT bits shall contain the C-BLACKOUT bit settings for each of the subcarriers 1 to
NSCus— 1. The C-BLACKOUT bit set to 0 for a particular subcarrier indicates that the ATU-R shall
transmit that subcarrier at the ATU-R reference transmit PSD level (REFPDSus) level, and including
spectral shaping, for the remainder of initialization, starting from the Transceiver Training Phase.
The C-BLACKOUT bit be set to 1 indicates that the ATU-R shall transmit no power ("blackout") on
that subcarrier, for the remainder of initialization, starting from the Transceiver Training Phase.

A C-MSG-PCB message containing 16 + 24 x NBPdS bits Mys 1 24 x ngpgs — Mo shall be transmitted in
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48 + 72 x NBPds symbol periods (my first and M5+ 24« npras last). A C-MSG-PCB message
containing 16 + NSCus + 24 x NBPdS bits Mys+nscusi24xnBrds — Mo shall be transmitted in
48 + 3 x NSCus + 72 x NBPds symbol periods (my first and mys 1 nscust 24 « NBPas 1ast). A zero bit shall
be transmitted as three consecutive C-COMB symbols. A one bit shall be transmitted as three
consecutive C-ICOMB symbols.

After the C-MSG-PCB message has been transmitted, a CRC shall be appended to the message. The
16 CRC bits shall be computed in the same way as for the C-MSG-FMT message.

The 16 bits Cy-C;s shall be transmitted in 48 symbol periods (Cy first and C;s last) using the same
modulation as used to transmit the message m.

The C-MSG-PCB state shall be followed by the C-QUIET4 state.
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Add new Annex P. Annex O isintentionally left blank so Annex P stands for power.

Annex O

Thisannex isintentionally left blank.

Annex P

Reduced downstream aggr egate transmit power requirements

P.1 Scope

This annex defines reduced downstream aggregate transmit power (ATP) requirements for
implementations of this Recommendation, e.g., from the cabinet where high transmit power is not
required and would be inefficient.

An ATU-C compliant with the reduced downstream ATP requirements listed in this annex is not
required to comply to the performance requirements defined in Annex F and Annex G. Instead, it is
expected that such ATU-C implementation has a significantly lower power consumption than an
ATU-C compliant with Annex F or Annex G.

P.2 Downstream ATP requirements

The downstream maximum nominal aggregate transmit power (MAXNOMATPds) is a transmit
PMD function control parameter defined in Table 8-4. It configures the maximum value for the
derived NOMATPds parameter defined in Table 8-5. The MAXNOMATPds value depends on
CO-MIB element settings and local capabilities and is exchanged in the G.994.1 phase in the
downstream spectrum bounds parameter block (see Table 8-20). The value is coded relative to a
default setting, which is defined for each operating mode separately (e.g., in Table A.1 for operation
according to Annex A).

Annexes F and G define regional performance requirements for region A (North America) and
region B (Europe), respectively. These performance requirements are set assuming (but not
requiring) that the ATU-C is capable of transmitting an aggregate power related to the
MAXNOMATPds default setting. Hence, this Recommendation does not define minimum
downstream ATP requirements as such, but only indirectly via the Annexes F and G performance
requirements.

P.3 Reduced downstream ATP requirements

An ATU-C compliant with this annex shall indicate in the G.994.1 phase a MAXNOMATPds
parameter value that shall not exceed the value listed in Table P.1, even the Table P.1 value is lower
than the related setting for the CO-MIB element MAXNOMATPds (see clause 7.3.1.2.3 of ITU-T
Rec. G.997.1 [4])).

An ATU-C compliant with this annex shall comply with one of the ATP limits defined in Table P.1.
Multiple ATP limits are defined, each corresponding with a different maximum G.994.1
MAXNOMATPds value.
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TableP.1 —Maximum G.994.1 MAXNOM ATPds values

ATP limit Maximum G.994.1 MAXNOMATPds value
ATPlimit14 14.5 dBm
ATPlimitl1 11.5 dBm

The ATU-C ATP limit is independent of the ATU-C operating mode. The values listed in Table P.1
apply to all of the operating modes defined in various annexes of this Recommendation.

This Recommendation does not define performance requirements for an ATU-C compliant with this
annex.

Add the following to the bibliography:

[B21] ITU-T Recommendation G.993.2 (2006), Very high speed digital subscriber line tranceivers
2 (VDSL2).
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