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Figure B.1 — Overview of the VDSL2-LR initialization
(compared to regular ITU-T G.993.5 initialization)

B.3 ITU-T G.994.1 Handshake phase

During the ITU-T G.994.1 Handshake phase, it is determined whether the line is selected to be a
VDSL2-LR line or selected to be a regular ITU-T G.993.5 line. The PROBING PSD (see clause
B.6) in case the line is selected to be a VDSL2-LR line, is also indicated (via NOMPSD and
log_tssi values). The defined Spar(2) codepoints belongs to the ITU-T G.993.2 code-tree and
defined in Table 11.68.0.1/G.994.1 (Standard information field — ITU-T G.993.2 SPar(2) coding —
Octet 2). The use of these codepoints in the ITU-T G.994.1 CL, CLR and MS messages is defined

in Tables B.1 to B.8.
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Table B.1 — VTU-O CL message SPar(2) bit definitions

ITU-T G.994.1 SPar(2) Bit

Definition of SPar(2) bit

Support of VDSL2-LR

Shall be set to ZERO if;

+ the VTU-O does not support VDSL2 Long Reach (VDSL2-LR)
mode according to this annex, or,

 none of short, medium or long loop operation type is allowed in
the CO-MIB (see clause B.10.1.1), and

may be set to ONE otherwise.

Spectrum bounds
downstream

Shall be set to ONE if and only if the "Support of VDSL2-LR" bit is
set to ONE. If set to ONE, signifies that the VTU-O includes the
spectrum bounds downstream defined in corresponding NPar(3).

Spectrum shaping downstream

Shall be set to ONE if and only if the "Support of VDSL2-LR" bit is
set to ONE. If set to ONE, signifies that the VTU-O includes the
spectrum shaping downstream defined in corresponding NPar(3).

Spectrum bounds
upstream

Shall be set to ONE if and only if the "Support of VDSL2-LR" bit is
set to ONE. If set to ONE, signifies that the VTU-O includes the
spectrum bounds upstream defined in corresponding NPar(3).

Spectrum shaping upstream

Always set to ZERO.

Transmit signal images above the
Nyquist frequency

Always set to ZERO.

Offset IDFT sample #0
downstream

Shall be set to ONE if and only if the "Support of VDSL2-LR" bit is
set to ONE.

Offset IDFT sample #0 upstream

Always set to ZERO.

Table B.2 - VTU-O CL message NPar(3) bit definitions

ITU-T G.994.1 SPar(2) Bit

Definition of NPar(3) bits

Support of VDSL2-LR

If the SPar(2) bit is set to ONE:

Bit 1: Short loop operation type: Shall be set to ONE if and only if
VDSL2-LR short loop operation is allowed in the CO-MIB

(see clause B.10.1.1).

Bit 2: Medium loop operation type: Shall be set to ONE if and only if
VDSL2-LR medium loop operation is allowed in the CO-MIB
(see clause B.10.1.1).

Bit 3: Long loop operation type: Shall be set to ONE if and only if
VDSL2-LR long loop operation is allowed in the CO-MIB

(see clause B.10.1.1).

Bit 4: Always set to ONE.

Spectrum bounds
downstream

A parameter block indicating the nominal transmit PSD level. The
parameter block length shall be 2 octets.

The nominal transmit PSD level (NOMPSDds) shall be represented as
a 9-bit 2's-complement signed value in 0.1 dB steps, —25.6 to +25.5
dB, relative to the value of —40 dBm/Hz, and shall be coded in bits 3
down to 1 in octet 1, bits 6 down to 1 in octet 2.
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Table B.2 - VTU-O CL message NPar(3) bit definitions

ITU-T G.994.1 SPar(2) Bit

Definition of NPar(3) bits

Spectrum shaping downstream

A parameter block of pairs of a subcarrier index and the spectrum
shaping log_tssi value at that subcarrier. Pairs shall be transmitted in
ascending subcarrier index order. Each pair shall be represented as
4 octets. The parameter block length shall be a multiple of 4 octets.
The maximum number of breakpoints equals 32.

Codepoints shall be structured as:

The subcarrier index shall be a 9-bit unsigned value, indicating
subcarrier index 1 to 2 x NSCds — 1, coded in bits 3 downto 1in
octet 1, bits 6 down to 1 in octet 2;

The indication whether the subcarrier is included in the
SUPPORTEDCARRIERS set (indication set to 1) or not included in
the SUPPORTEDCARRIERSset (indication set to 0). This indication
is coded in bit 6 of octet 3;

The spectrum shaping log_tssivalues shall be represented in
logarithmic scale as a 7-bit unsigned value in —0.5 dB steps, ranging
from 0 dB (value 0) to —62.5 dB (value 125), coded in bit 1 of octet 3
and bits 6 down to 1 in octet 4. Value 127 is a special value,
indicating the subcarrier is not transmitted (i.e., tssi= 0 in linear
scale). Value 126 is a special value indicating that the log_tssivalue
on this subcarrier shall be interpolated according to clause 8.13.2.4 of
[ITU-T G.992.3]. At least one pair (of a subcarrier index and the
spectrum shaping log_tssivalue at that subcarrier) indicated as
included in the SUPPORTEDCARRIERS set, shall have the log_tssi
value set to 0 dB.

Spectrum bounds upstream

Parameter block with same definition and structure as spectrum
bounds downstream, with NOMPSD=NOMPSDus.

Offset IDFT sample #0
downstream

Indicate the offset between the IDFT sample #0 of O-P-SEGUE 1-LR
and O-P-CHANNEL DISCOVERY-V1 in samples at 4.416MHz. The
value is coded as a 7-bits unsigned integer.

Table B.3 - VTU-R CLR message SPar(2) bit definitions

ITU-T G.994.1 SPar(2) Bit

Definition of SPar(2) bit

Support of VDSL2-LR

Shall be set to ONE if and only if the VTU-R supports VDSL2 Long
Reach (VDSL2-LR) mode according to this annex.

Spectrum bounds downstream

Always set to ZERO.

Spectrum shaping downstream

Always set to ZERO.

Spectrum bounds upstream

Shall be set to ONE if and only if the "Support of VDSL2-LR" bit is
set to ONE. If set to ONE, signifies that the VTU-R includes the
spectrum bounds upstream defined in corresponding NPar(3).

Spectrum shaping upstream

Shall be set to ONE if and only if the "Support of VDSL2-LR" bit is
set to ONE. If set to ONE, signifies that the VTU-R includes the
spectrum shaping upstream defined in corresponding NPar(3).
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Table B.3 - VTU-R CLR message SPar(2) bit definitions

ITU-T G.994.1 SPar(2) Bit

Definition of SPar(2) bit

Transmit signal images above the
Nyquist frequency

Shall be set to ONE if and only if the "Support of VDSL2-LR" bit is
set to ONE. If set to ONE, signifies that the VTU-R includes the
transmit signal images above the Nyquist frequency defined in
corresponding NPar(3).

Offset IDFT sample #0
downstream

Always set to ZERO.

Offset IDFT sample #0 upstream

Shall be set to ONE if and only if the "Support of VDSL2-LR" bit is
set to ONE.

Table B.4 — VTU-R CLR message NPar(3) bit definitions

ITU-T G.994.1 SPar(2) Bit

Definition of NPar(3) bits

Support of VDSL2-LR

Bit 1: Always set to ONE.
Bit 2: Always set to ONE.
Bit 3: Always set to ONE.

Bit 4: FMT-O-P-TREF2: If set to ONE, indicates that the VTU-R
requests the VTU-O to transmit O-P-TREF symbols during
O-P-ECT-LR. If set to ZERO, indicates that the VTU-R requests the
VTU-O to transmit O-P-QUIET symbols during O-P-ECT-LR.

Spectrum bounds upstream

Parameter block with same definition and structure as spectrum
bounds upstream parameter block in CL message.

Spectrum shaping upstream

Parameter block with same definition and structure as spectrum
shaping downstream parameter block in CL message, with
NSC=NSCus and maximum number of breakpoints equals 16.

Transmit signal images above the
Nyquist frequency

A parameter block indicating the type of the transmit signal images
above the Nyquist frequency. The parameter block shall consist of a
single octet. Codepoints shall be structured as bits 6 to 3 indicating
the N value (for a 2N point IDFT, see clause 10.4.3 of [ITU-T G.993.2])
and bits 2 and 1 indicating the definition of the transmit signal images
above the Nyquist frequency (see clause 10.4.3 of [ITU-T G.993.2]).
The coding shall be as follows:

¢ (bebshsbs) = n, with 1 <n <15 indicates that N = 2".

(b2b1=01): Complex conjugate of the base-band signal.
(b2b1=10): Zero filled.

(b2b1= 00): Other (none of the above).

(b2b1=11): Reserved.

Offset IDFT sample #0 upstream

Indicate the offset between the IDFT sample #0 of R-P-SEGUE 1-LR
and R-P-CHANNEL DISCOVERY 1 in samples at 276kHz. The
value is coded as a 3-bits unsigned integer value.

Table B.5 - VTU-O MS message SPar(2) bit definitions

ITU-T G.994.1 SPar(2) Bit

Definition of SPar(2) bit

Support of VDSL2-LR

Set to ONE if and only if both the last previous CLR and the last
previous CL messages have set this bit to ONE. If set to ONE,
indicates that both the VTU-O and the VTU-R shall continue
initialization for VDSL2-LR mode as defined in this Annex. If set to

Rec. ITU-T G.993.5 (02/2019) 107




ITU-T G.994.1 SPar(2) Bit

Definition of SPar(2) bit

ZERO, indicates that both the VTU-O and VTU-R shall continue
initialization as defined in clause 10.

If this bit is set to ONE, then the CE length SPar(2) bit shall be set to
ZERO.

Spectrum bounds upstream Always set to ZERO.
Spectrum shaping upstream Always set to ZERO.
Spectrum bounds downstream Always set to ZERO.
Spectrum shaping downstream Always set to ZERO.
Transmit signal images above the Always set to ZERO.
Nyquist frequency

dOffset IDFT sample #0 Always set to ZERO.

ownstream
Offset IDFT sample #0 upstream | Always set to ZERO.

Table B.6 — VTU-O MS message NPar(3) bit definitions

ITU-T G.994.1 SPar(2) Bit

Definition of NPar(3) bits

Support of VDSL2-LR

Bit 1: Short loop: Set to ONE if and only if both the last previous
CLR and the last previous CL messages have set this bit to ONE. If
set to ONE, short loop operation shall be allowed.

Bit 2: Medium loop: Set to ONE if and only if both the last previous
CLR and the last previous CL messages have set this bit to ONE. If
set to ONE, medium loop operation shall be allowed.

Bit 3: Long loop: Set to ONE if and only if both the last previous
CLR and the last previous CL messages have set this bit to ONE. If
set to ONE, long loop operation shall be allowed.

Bit 4: FMT-O-P-TREF2: Set to ONE if and only if both the last
previous CLR and the last previous CL messages have set this bit to
ONE. If set to ONE, the VTU-O shall transmit O-P-TREF symbols
during O-P-ECT-LR. If set to ZERO, the VTU-O shall transmit
O-P-QUIET symbols during O-P-ECT-LR.

Table B.7 — VTU-R MS message SPar(2) bit definitions

ITU-T G.994.1 SPar(2) Bit

Definition of SPar(2) bit

Support of VDSL2-LR

Set to ONE if and only if both the last previous CLR and the last
previous CL messages have set this bit to ONE. If set to ONE,
indicates that both the VTU-O and the VTU-R shall continue
initialization for VDSL2-LR mode as defined in this annex. If set to
ZERQO, indicates that both the VTU-O and VTU-R shall continue
initialization as defined in clause 10. If this bit is set to ONE, then the
CE length SPar(2) bit shall be set to ZERO.

Upstream spectrum bounds Always set to ZERO.
Upstream spectrum shaping Always set to ZERO.
Upstream spectrum bounds Always set to ZERO.
Upstream spectrum shaping Always set to ZERO.
Transmit signal images above the | Always set to ZERO.

108

Rec. ITU-T G.993.5 (02/2019)




Table B.7 — VTU-R MS message SPar(2) bit definitions

ITU-T G.994.1 SPar(2) Bit Definition of SPar(2) bit
Nyquist frequency

Offset IDFT sample #0
downstream

Offset IDFT sample #0 upstream | Always set to ZERO.

Always set to ZERO.

Table B.8 - VTU-R MS message NPar(3) bit definitions

ITU-T G.994.1 SPar(2) Bit Definition of NPar(3) bits

Support of VDSL2-LR Bit 1: Short loop: Set to ONE if and only if both the last previous
CLR and the last previous CL messages have set this bit to ONE. If
set to ONE, short loop operation shall be allowed.

Bit 2: Medium loop: Set to ONE if and only if both the last previous
CLR and the last previous CL messages have set this bit to ONE. If
set to ONE, medium loop operation shall be allowed.

Bit 3: Long loop: Set to ONE if and only if both the last previous
CLR and the last previous CL messages have set this bit to ONE. If
set to ONE, long loop operation shall be allowed.

Bit 4: FMT-O-P-TREF2: Set to ONE if and only if both the last
previous CLR and the last previous CL messages have set this bit to
ONE. If set to ONE, the VTU-O shall transmit O-P-TREF symbols
during O-P-ECT-LR. If set to ZERO, the VTU-O shall transmit
O-P-QUIET symbols during O-P-ECT-LR.

If the ITU-T G.994.1 MS message has the "Support of VDSL2-LR" Spar(2) bit set to ONE, then it
shall:

. indicate use of the mandatory CE Length;

. indicate operation according to a profile other than profile 30a (see Tables 6-1 and Q.1 of
[ITU-T G.993.2]);

. have the annex B USO Spar(2) set to ONE and have one of the 25-138 kHz (A), 25-276 kHz

(M) or 120-276 kHz (B) NPar(3) set to ONE.

Selection of the particular loop operation (short loop, medium loop, or long loop) occurs during the
following stages of initialization, as described in clause B.2. The particular loop operation may be
selected only if allowed (i.e., if the corresponding ITU-T G.994.1 MS message "Short loop",
"Medium loop" or "Long loop™ Npar(3) bit is set to ONE)."

B.4 Signals sent by the VTU-O during the Channel Discovery and Training phase

The maximum duration of O-P-VECTOR 0, O-P-VECTOR 1-LR and O-P-VECTOR 1 is defined in
clauses B.4.2, B.4.5 and B.4.7, respectively. In addition, if the bit "8192 superframes duration for
O-P-VECTOR 1" is enabled in the ITU-T G.994.1 Handshake phase (see clause 10.2), then the sum
of the durations of all stages starting from O-P-VECTORO and up to but not including
O-P-CHANNEL DISCOVERY V1 shall not exceed 8 x1024 x 257 symbols.

A VTU-R indicating "Support of VDSL2-LR mode™ in the ITU-T G.994.1 CLR message, shall also
indicate support of "8192 superframes duration for O-P-VECTOR 1".

NOTE — Regular ITU-T G.993.5 lines with the bit "8192 superframes duration for O-P-VECTOR 1"
disabled in the ITU-T G.994.1 Handshake phase may initialize in a different joining group that does not
include VDSL2-LR lines.
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B.41 O-P-QUIET 1

After the ITU-T G.994.1 Handshake phase, the VTU-O shall start initialization with the
O-P-QUIET 1 signal defined in clause 12.3.3.3.1.1 of [ITU-T G.993.2].
The duration of O-P-QUIET 1 signal shall be at least 512 but not longer than 1024 symbol periods.

The O-P-QUIET 1 signal shall be followed by the O-P-VECTOR 0 signal.

B.42 O-P-VECTORO

The O-P-VECTOR 0 signal shall be identical to the O-P-VECTOR 1 signal defined in clause
10.3.3.1. It includes all subcarriers from the downstream SUPPORTEDCARRIERS set. The PSD of
the O-P-VECTOR 0 signal shall be derived using the same rules as for the PSD of the
O-P-VECTOR 1 signal (see clause 10.3.3.1), except that the aggregate transmit power for the
O-P-VECTOR 0 signal shall not exceed the minimum of the maximum aggregate downstream
transmit power, as defined for the selected profile in Table 6-1 of [ITU-T G.993.2], and the
MAXNOMATPds value configured in the CO-MIB.

During transmission of the O-P-VECTOR 0 signal, the VCE estimates the downstream FEXT
channels from the initializing lines into the vectored lines based on the reported clipped error
samples from the VTU-Rs of the vectored lines. From this point on, FEXT cancellation matrices are
established in the VTU-Os for all vectored lines in the downstream direction and FEXT from the
initializing line into vectored lines is cancelled.

The duration of O-P-VECTOR 0 is determined by the VTU-O, under VCE control. The VCE may
select the duration of O-P-VECTOR 0 appropriately, with the aim to synchronize the start of
O-P-PROBING-LR signals on all the VDSL2-LR lines of the vectored group.

The duration of O-P-VECTOR 0 shall not exceed M x1024 x 257 symbols. If the bit "8192
superframes duration for O-P-VECTOR 1" is enabled in the ITU-T G.994.1 Handshake phase
(see clause 10.2), then M = 8. Otherwise, M = 1.

NOTE — With M = 8, the maximum duration of O-P-VECTOR 0 will timeout the maximum duration over all

stages starting from O-P-VECTOR 0 and up to but not including O-P-CHANNEL DISCOVERY V1
(see clause B.4).

The O-P-VECTOR 0 signal shall be followed by the O-P-PROBING-LR signals.

B.43 O-P-PROBING-LR

The O-P-PROBING-LR shall consist of a number of periodic signals, as defined in clause B.6.
These signals are intended to synchronize the VTU-R, to allow it to estimate the length of the line
so that it can indicate back to the VTU-O whether the initialization of the line shall continue either
in short-medium loop operation (to become a short or medium VDSL2-LR line), or in a long loop
operation (for a long VDSL2-LR line).If long loop operation is selected, the VTU-O also receives
an indication of the pilot tone assigned by the VTU-R and the required downstream power cut-back
(PCB) determined by the VTU-R.

The O-P-PROBING-LR signals may be transmitted with an IDFT size that is different from the
Initial IDFT size indicated in the ITU-T G.994.1 CL message. The IDFT size (2N) shall be at least
2048 (i.e., n>11).

The PSD of the O-P-PROBING-LR signals shall be as defined in clause B.6.1.1.

The O-P-PROBING-LR signals shall be followed by the O-P-QUIET 1-LR signal.

NOTE — While the VTU-O transmits the O-P-PROBING-LR signals, it is recommended that the VCE
freezes precoder updates for lines with the VTU-O in the O-SHOWTIME state.

B.44 O-P-QUIET 1-LR
The O-P-QUIET 1-LR signal shall be identical to the O-P-QUIET 1 signal.
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While transmitting this signal, the VTU-O performs any reconfiguration necessary for the selected
continuation of the initialization, either in short-medium loop operation (to become a short or
medium VDSL2-LR line) or in long loop operation (for a long VDSL2-LR line).

The duration of the O-P-QUIET 1-LR signal shall be 64 symbols.

If the initialization of the line shall be continued in short-medium loop operation, then the
O-P-QUIET 1-LR signal shall be followed by the O-P-VECTOR 1 signal defined in clause B.4.7.

If the initialization of the line shall be continued in long loop operation, then the O-P-QUIET 1-LR
signal shall be followed by the O-P-VECTOR 1-LR signal.

NOTE — While the VTU-O transmits the O-P-QUIET 1-LR signal, it is recommended that the VCE freezes
precoder updates for lines with the VTU-O in the O-SHOWTIME state.

B.45 O-P-VECTOR 1-LR

The O-P-VECTOR 1-LR signal shall be identical to the O-P-VECTOR 1 signal defined in
clause 10.3.3.1, except that:

. it shall include only all subcarriers from the downstream SUPPORTEDCARRIERS set up
to subcarrier index 511 (up to about 2.2 MHz);

. its PSD shall be the same as the PSD of the O-P-TRAINING-LR signals (see
clause B.7.1.1);

. it is transmitted with an IDFT size (2N) that may be different from the initial IDFT size

indicated in the ITU-T G.994.1 CL message, but shall be at least 2048 (i.e., n > 11), so that
there is no image above the subcarrier with index 511.

The duration of O-P-VECTOR 1-LR is determined by the VTU-O, under VCE control. The VCE
may select the duration of O-P-VECTOR 1-LR appropriately, with the aim to synchronize the start
of O-P-TRAINING-LR signals on all the VDSL2-LR lines in long loop operation of the vectored
group.

The duration of O-P-VECTOR 1-LR shall not exceed M x 1024 x 257 symbols. If the bit "8192
superframes duration for O-P-VECTOR 1" is enabled in the ITU-T G.994.1 Handshake phase
(see clause 10.2), then M = 8. Otherwise, M = 1.

NOTE — With M = 8, the maximum duration of O-P-VECTOR 1-LR will timeout the maximum duration

over all stages starting from O-P-VECTOR 0 and up to but not including O-P-CHANNEL DISCOVERY V1
(see clause B.4).

The O-P-VECTOR 1-LR signal shall be followed by the O-P-TRAINING-LR signals.
The O-P-VECTOR 1-LR signal is necessary to adopt potential changes in impedance during
reconfiguration of the VDSL2-LR line after it has been selected to be in long loop operation.

NOTE - The VTU-R uses spectrum up to 2.2 MHz during the PROBING stage, and may need to
re-configure for short-medium loop operation, which may change its impedance and thus impact precoder
settings for lines with the VTU-O in the O-SHOWTIME state. The impact of these changes will be
accommodated during transmission of O-P-VECTOR 1.

B.4.6 O-P-TRAINING-LR
The O-P-TRAINING-LR signals are defined in clause B.7.

While the VTU-O transmits the O-P-TRAINING-LR signals, the VTU-R transmits the
R-P-TRAINING-LR signals. The O/R-P-TRAINING-LR signals allow the VTU-O and VTU-R to
train their echo cancellers (EC) and time domain equalizers (TEQ). The PSD of the
O-P-TRAINING-LR signals shall be as defined in clause B.7.1.1.

Rec. ITU-T G.993.5 (02/2019) 111



After the EC and TEQ training, both VTUs are ready for SOC communications. Therefore, after
O/R-P-TRAINING-LR signal exchange is complete, the line continues regular ITU-T G.993.5
initialization, exchanging corresponding messages over SOC.

The IDFT size during O-P-TRAINING-LR shall be the same as during O-P-VECTOR 1-LR.

NOTE — While the VTU-O transmits the O-P-TRAINING-LR signals, it is recommended that the VCE
freezes precoder updates on subcarriers up to subcarrier index 511.

The duration of O-P-TRAINING-LR is variable. The maximum duration of O-P-TRAINING-LR
shall respect the rule defined in clause B.4.

The O-P-TRAINING-LR signals shall be followed by the O-P-CHANNEL DISCOVERY V1 signal
and the remainder of the channel discovery phase, as defined in clause B.4.8.

B.4.7 O-P-VECTOR1
The O-P-VECTOR 1 signal shall be identical to the O-P-VECTOR 0 signal defined in clause B.4.2.

The duration of O-P-VECTOR 1 shall not exceed M %1024 x 257 symbols. If the bit "8192
superframes duration for O-P-VECTOR 1" is enabled in the ITU-T G.994.1 Handshake phase
(see clause 10.2), then M = 8. Otherwise, M = 1.

NOTE — With M = 8, the maximum duration of O-P-VECTOR 1 will timeout the maximum duration over all

stages starting from O-P-VECTOR 0 and up to but not including O-P-CHANNEL DISCOVERY V1
(see clause B.4).

The O-P-VECTOR 1 signal shall be followed by the O-P-CHANNEL DISCOVERY V1 signal and
the remainder of the channel discovery phase, as defined in clause B.4.8.

B.4.8 The G.993.5 Channel Discovery phase

If short-medium loop operation is selected in the PROBING stage, the ITU-T G.993.5 Channel
Discovery phase shall be applied with the amendments defined in this clause. If long loop operation
is selected in the PROBING stage, then the ITU-T G.993.5 Channel Discovery phase shall be
applied with the amendments as specified in clause B.8.

B.4.8.1 O-SIGNATURE (amends clause 12.3.3.2.1.1 of [ITU-T G.993.2])

Field #8 "Downstream nominal maximum aggregate transmit power (MAXNOMATPds)" is used to
calculate the value of control parameter MAXNOMATPds, which determines the maximum
wide-band power that the VTU-O is allowed to transmit. The value of the MAXNOMATPds
communicated in field #28 shall not exceed the minimum of 20.5 dBm and the MAXNOMATPds
value configured in the CO-MIB, regardless of the particular [ITU-T G.993.2] profile selected
during the ITU-T G.994.1 Handshake phase of initialization.

The value of the control parameter MAXNOMATPds shall be calculated as the minimum of the
maximum aggregate downstream transmit power as defined for the selected profile in Table 6-1 of
[ITU-T G.993.2] and the MAXNOMATPdSs value indicated in the Field #8 of the O-SIGNATURE
message.

NOTE 1 — The attention of the reader is drawn to the fact that the value of the control parameter

MAXNOMATPds may be different from the value of MAXNOMATPds communicated in O-SIGNATURE,
which is not the case for [ITU-T G.993.2].

NOTE 2 — The value of the control parameter MAXNOMATPds is known to both the VTU-O and VTU-R
and does not need to be exchanged from VTU-O to VTU-R.

B.4.8.2 O-UPDATE (amends clause 12.3.3.2.1.2 of [ITU-T G.993.2])

If the ITU-T G.994.1 MS message has the short loop bit set to ZERO, then the highest allowed
upstream subcarrier indicated by the VTU-O in O-UPDATE (see Table 12-28 of [ITU-T G.993.2])

112 Rec. ITU-T G.993.5 (02/2019)



shall meet the condition for medium loop operation as defined in clause B.4.8.3 (i.e., forced
medium loop operation).

B.4.8.3 O-PRM (amends clause 12.3.3.2.1.3 of [ITU-T G.993.2])

If the ITU-T G.994.1 MS message has the medium loop bit set to ONE and if the highest allowed
upstream subcarrier indicated by the VTU-O in O-UPDATE (see Table 12-28 of [ITU-T G.993.2])
and the proposed highest downstream subcarrier indicated by the VTU-R in R-UPDATE
(see Table 12-35 of [ITU-T G.993.2]) are both equal to or less than the highest subcarrier index
defined for DS2 band in the applied bandplan and both do not exceed the value 1971 (8.5 MHz,
see Table 6-1 of [ITU-T G.993.2]), then the VDSL2-LR line shall be in medium loop operation.
Otherwise, the VDSL2-LR line shall be in short loop operation.

If the VDSL2-LR line is in medium loop operation, the value of the control parameter
MAXNOMATPdSs shall be changed to a value equal to the MAXNOMATPdSs value indicated in the
Field #8 of O-SIGNATURE message. If the VDSL2-LR line is in short loop operation, the value of
the control parameter MAXNOMATPds shall remain unchanged, as determined in clause B.4.8.1.

The MREFPSds indicated in O-PRM (see Table 12-30 of [ITU-T G.993.2]) shall have an aggregate
transmit power that shall not exceed this MAXNOMATPdSs value.

NOTE — For medium loop operation, the MREFPSDds could have an aggregate transmit power that exceeds
the maximum aggregate downstream transmit power (as defined in Tables 6-1 and Q.1 of [ITU-T G.993.2])
for the particular [ITU-T G.993.2] profile selected during the ITU-T G.994.1 Handshake phase of
initialization.

B.49 The ITU-T G.993.5 Training phase

If long loop operation is selected in the PROBING stage, then the ITU-T G.993.5 Training phase
shall be applied with the amendments defined in clause B.8. If short-medium loop operation is
selected in the PROBING stage, the original ITU-T G.993.5 training phase shall be used.

B.5 Signals sent by the VTU-R during the Channel Discovery and Training phase

B.51 R-P-QUIET1

After the ITU-T G.994.1 Handshake phase, the VTU-R shall start initialization with the
R-P-QUIET 1 signal defined in clause 12.3.3.3.2.1 of [ITU-T G.993.2].

The duration of R-P-QUIET 1 is determined by the VTU-O. Within 64 symbols after the VTU-O
ending the first signal of O-P-PROBING-LR (O-P-COMB 2-LR, see clause B.6.1.3), the VTU-R
shall end the R-P-QUIET 1 signal.

The R-P-QUIET 1 signal shall be followed by the R-P-PROBING-LR signals.

B.5.2 R-P-PROBING-LR
The R-P-PROBING-LR consists of a number of periodic signals, as defined in clause B.6.

While receiving the O-P-PROBING-LR signals, the VTU-R shall determine whether the
initialization of the line shall continue either in short-medium loop operation (to become a short or
medium VDSL2-LR line) or in long loop operation (for a long VDSL2-LR line). In the latter case,
the VTU-R shall also assign the pilot tone and determine the minimum downstream power cut-back
(PCBds, see Table B.10), if needed.

The R-P-PROBING-LR signals shall be transmitted with the IDFT size and type of image as
indicated by the VTU-R in the "Transmit signal images above the Nyquist frequency" block in the
ITU-TG.994.1 CLR message. The IDFT size may be different from the Initial IDFT size indicated
in the ITU-T G.994.1 CL message.

The PSD of the R-P-PROBING-LR signals shall be as defined in clause B.6.2.1.
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The R-P-PROBING-LR signals shall be followed by the R-P-QUIET 1-LR signal.

B.5.3 R-P-QUIET 1-LR
The R-P-QUIET 1-LR signal shall be identical to the R-P-QUIET 1 signal.

While transmitting this signal, the VTU-R performs any reconfiguration necessary for the selected
continuation of the initialization, either in short-medium loop operation (to become a short or
medium VDSL2-LR line) or as a VDSL2-LR line (for a long VDSL2-LR line).

The duration of R-P-QUIET 1-LR signal shall be 64 symbol periods.

If the initialization shall be continued in short-medium loop operation, then the R-P-QUIET 1-LR
signal shall be followed by the R-P-QUIET 1 signal defined in clause 10.3.4.1 and the remainder of
the channel discovery phase shall be as defined in clause 10.3, except for the changes defined in
clauses B.4.8 and B.10.4.1.

If the initialization shall be continued in long loop operation, then the R-P-QUIET 1-LR signal shall
be followed by the R-P-QUIET 2-LR signal.

B.54 R-P-QUIET 2-LR
The R-P-QUIET 2-LR signal shall be identical to the R-P-QUIET 1 signal.

The duration of R-P-QUIET 2-LR is determined by the VTU-O. Within 64 symbols after the
VTU-O ending the first signal of O-P-TRAINING-LR (O-P-REVERB 1-LR, see clause B.7.1.1),
the VTU-R shall end the R-P-QUIET 2-LR signal.

The R-P-QUIET 2-LR signal shall be followed by the R-P-TRAINING-LR signals.

B.5.5 R-P-TRAINING-LR
The R-P-TRAINING-LR signals are defined in clause B.7.

While the VTU-R transmits the R-P-TRAINING-LR signals, the VTU-O transmits the
O-P-TRAINING-LR signals. The O/R-P-TRAINING-LR signals allow the VTU-O and VTU-R to
train their echo cancellers (EC) and time domain equalizers (TEQ). The PSD of the
R-P-TRAINING-LR signals shall be the same as for the R-P-PROBING-LR signals
(see clause B.6.1.1).

After EC and TEQ training, both VTUs are ready for SOC communications. After
O/R-P-TRAINING-LR signal exchange is complete, the line continues regular ITU-T G.993.5
initialization, exchanging corresponding messages over SOC.

The IDFT size during R-P-TRAINING shall be as indicated by the VTU-R in the "Transmit signal
images above the Nyquist frequency" block in the ITU-T G.994.1 CLR message.

The R-P-TRAINING-LR signals shall be followed by the R-P-QUIET 1 signal defined in
clause 10.3.4.1 and the remainder of the channel discovery phase defined in clause 10.3.

B.5.6 The ITU-T G.993.5 Channel Discovery phase

If long loop operation is selected in the PROBING stage, then the ITU-T G.993.5 Channel
Discovery phase shall be applied with the amendments defined in clause B.8. If short-medium loop
operation is selected in the PROBING stage, the ITU-T G.993.5 Channel Discovery phase shall be
applied with the amendments defined in clause B.5.6.

In both cases, the value of the control parameter MAXNOMATPus shall be as defined in
clause B.10.1.7.
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B.5.6.1 R-UPDATE (amends clause 12.3.3.2.2.2 of [ITU-T G.993.2])

If the ITU-T G.994.1 MS message has the short loop bit set to ZERO, then the proposed highest
downstream subcarrier indicated by the VTU-R in R-UPDATE (see Table 12-35 of [ITU-T
G.993.2]) shall meet the condition for medium loop operation as defined in clause B.4.8.3 (i.e.,
forced medium loop operation).

B.5.7 ITU-T G.993.5 Training phase

If long loop operation is selected in the PROBING stage, then the ITU-T G.993.5 Training phase
shall be applied with amendments defined in the clause B.8. If short-medium loop operation is
selected in the PROBING stage, the original ITU-T G.993.5 Training phase shall be applied.

B.6 O/R-P-PROBING-LR signal exchange

The O/R-P-PROBING-LR signal exchange uses signals defined in ITU-T G.992.5, with the
constraint that the duration of signals and the transitions between different signals occurs on
boundaries of DMT symbols with CE. This constraint is identical to the constraint defined in clause
12.3.6.1 of [ITU-T G.993.2] to send the O/R-P-PERIODIC signals. Because only the mandatory CE
is supported in the VDSL2-LR mode, the duration of each signal is a multiple of 64 symbols with
CE (or 69 symbols without CE).

The O/R-P-PROBING-LR signal exchange is depicted in Figure B.2.
NOTE — The duration of the O/R-P-PROBING-LR signal exchange is between 1.5 sand 1.9 s.

B.6.1 O-P-PROBING-LR signals

B.6.1.1 Transmit PSD of th