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Recommendation ITU-T G.9702

Transceiver and system specifications for backhaul applications
based on G.fast (G.fastback)

Summary

Recommendation ITU-T G.9702 specifies means to support a distribution point unit — fast backhaul
(DPU-FB), which uses the G.fast technology for both the backhaul connections (back lines) and the
connections to the G.fast NTs (front lines) in an environment where crosstalk cancelling between the
wire-pairs of the back lines and wire-pairs of the front lines is required in addition to the FEXT
cancellation provided by G.fast.

This Recommendation is written as a delta Recommendation relative to Recommendation
ITU-T G.9701. For the clauses that have been changed, this Recommendation contains complete
replacement text (unless explicitly indicated). For the clauses that have not been changed, this
Recommendation contains only the clause heading, with reference to Recommendation ITU-T G.9701.

History

Edition Recommendation  Approval  Study Group Unique ID*
1.0 ITU-T G.9702 2022-04-22 15 11.1002/1000/14917

Keywords

Backhaul, fastback, fast backhaul, G.fast.

* To access the Recommendation, type the URL http://handle.itu.int/ in the address field of your web
browser, followed by the Recommendation's unique ID. For example, http://handle.itu.int/11.1002/1000/

11830-en. Documents

Document Sharing Hub
Rec. ITU-T G.9702 (04/2022) i

Full document details: ITU-T G.9702 2022


http://handle.itu.int/11.1002/1000/14917
http://handle.itu.int/11.1002/1000/11830-en
http://handle.itu.int/11.1002/1000/11830-en
http://www.avadocuments.com/doc/itu-t-g-9702-2022
http://www.avadocuments.com/doc/itu-t-g-9702-2022

FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years, establishes
the topics for study by the ITU-T study groups which, in turn, produce Recommendations on these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration” is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure, e.g., interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some other
obligatory language such as "must" and the negative equivalents are used to express requirements. The use of
such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may involve
the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence, validity or
applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others outside of
the Recommendation development process.

As of the date of approval of this Recommendation, ITU had received notice of intellectual property, protected
by patents/software copyrights, which may be required to implement this Recommendation. However,
implementers are cautioned that this may not represent the latest information and are therefore strongly urged
to consult the appropriate ITU-T databases available via the ITU-T website at http://www.itu.int/ITU-T/ipr/.
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All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the prior
written permission of ITU.
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Recommendation ITU-T G.9702

Transceiver and system specifications for backhaul applications
based on G.fast (G.fastback)

1 Scope

This Recommendation describes the modifications to [ITU-T G.9701] that are needed to support
distribution point unit — fast backhaul (DPU-FB). DPU-FB uses G.fast technology for both the
backhaul connections (back lines) and the connections to the G.fast NTs (front lines) in an
environment where crosstalk cancelling between the wire-pairs of the back lines and front lines is
required in addition to the FEXT cancellation provided by G.fast.

All transceivers connected to the back lines and front lines shall be fully compliant with
[ITU-T G.9701].

This Recommendation specifies modifications that apply to the transceivers connected to both ends
of the back lines as well as the required synchronizations between the transceivers of the DPU-FB.

More specifically, this Recommendation includes the following:

. Requirements on the synchronization between the ITU-T G.9701 framing of the back lines
and front lines.

. Allocation of sync symbol positions for the derivation of the crosstalk channel between the
wire pairs of the back lines and the front lines.

. Modifications to the initialization of the transceivers of the back line to support joining of
back lines into active front lines.

. Requirements on the use of transceivers between the DPU and DPU-FB to support G.fastback

backhaul in the presence of underlying services such as POTS, ADSL2 and VDSL?2 on the
same twisted pair.

G.fastback lines are likely to be between 100 m and 200 m long and use up to 12 wire-pairs in a
bonded group.

The number of customers served by a DPU is expected to be up to 20.

Data rate and reach from a DPU to a customer is expected to be that of ITU-T G.9701 transceivers
using either profile 106a, 106b or 212a.

The DPU-FB may be reverse powered (see Annex A of [ITU-T G.997.2]).

2 References

The following ITU-T Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendations and other references are subject to revision;
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommendations and other references listed below. A list of the currently
valid ITU-T Recommendations is regularly published. The reference to a document within this
Recommendation does not give it, as a stand-alone document, the status of a Recommendation.

[ITU-T G.993.2] Recommendation ITU-T G.993.2 (2019), Very high speed digital subscriber line
transceivers 2 (VDSL2).

[ITU-T G.994.1] Recommendation ITU-T G.994.1 (2021), Handshake procedures for digital
subscriber line transceivers.
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[ITU-T G.997.2] Recommendation ITU-T G.997.2 (2019), Physical layer management for
ITU-T G.9701 transceivers.

[ITU-T G.998.2] Recommendation ITU-T G.998.2 (2018), Ethernet-based multi-pair bonding.

[ITU-T G.9701]  Recommendation ITU-T G.9701 (2019), Fast access to subscriber terminals
(G.fast) — Physical layer specification.

3 Definitions

3.1 Terms defined elsewhere
Unless otherwise noted, the definitions in [ITU-T G.9701] shall apply.

3.2 Terms defined in this Recommendation

This Recommendation defines the following terms:

3.2.1 back line: A line between a DPU-FB and a DPU.
3.2.2 frontline: A line between a DPU-FB and a CPE.

4 Abbreviations and acronyms

This Recommendation uses the abbreviations and acronyms defined in [ITU-T G.9701]. In addition,
this Recommendation uses the following abbreviations and acronyms:

DPU-FB Distribution Point Unit — Fast Backhaul

FBTU Fast Backhaul Transceiver Unit

FBTU-O FBTU at the customer facing U-interface of a DPU-FB
FBTU-R FBTU at the network facing U-interface of a DPU-FB
Fc Cut-off Frequency

5 Reference models and system requirements

5.1 System reference models

This Recommendation covers the interface specification between an FTU-O and FBTU-R, as applied
at the UB reference point, and the interface specification between an FBTU-O and FTU-R, as applied
at the U reference point.

The functional reference model of FTTdp deployment including a DPU-FB is illustrated in
Figure 5-1. The FTU-O is located inside the distribution point unit (DPU) at the network side of the
wire-pair (UB-O reference point). The FBTU-R and FBTU-O are located inside the Fastback DPU
(DPU-FB). The FTU-R is located inside the network termination (NT) at the customer premises side
of the wire-pair (U-R reference point). Implementations complying with this Recommendation are
typically deployed in a fibre-to-the-distribution point (FTTdp) scenario, to extend the loop reach by
deploying a DPU-FB between the DPU and the NT.

The interface between the DPU and the DPU-FB consists of ITU-T G.998.2 bonded ITU-T G.9701
interfaces (shown as BOND in Figure 5-1), with some differences defined in this Recommendation.
The lines connecting the DPU-FB to the DPU are further referred to as the back lines. The interface
between the DPU-FB and each individual NT is defined in [ITU-T G.9701] with some differences
defined in this Recommendation. The lines connecting the DPU-FB to the NT are further referred to
as the front lines.
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The upstream traffic from all DPUs is aggregated by the optical distribution network (ODN) and
higher order node (HON) up to the V reference point. The downstream traffic at the V reference point
is distributed towards multiple DPUs by HON and ODN. The aggregation and distribution functions
of ODN and HON are out of the scope of this Recommendation. Different aggregation examples are
united under HON, ODN and DPU, as shown in Figure 5-1.

Each DPU is located at a distribution point and contains one or more FTU-Os, with one or more
FTU-Os connected to an FBTU-R located in the DPU-FB. The NT contains an FTU-R, which is a
peer of the FBTU-O located in the DPU-FB.

The management of the DPU and the DPU-FB is performed by the network management system
(NMS), passing management information to the DPU's management entity (ME-O) and the DPU-FB's
management entity (FBME-O) over the Q reference point. The NMS may also monitor each FTU-R
via the related NT's ME-R via the G reference point. The connection between the ME-O and the
FBME-R is established over management channels provided by the FTU-Os and FBTU-Rs via the
back line wire-pairs. The connection between the FBME-O and the ME-R is established over
management channels provided by the FBTU-Os and FTU-Rs via the front line wire-pairs.

Moae |
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-r-Q
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| vln
+ » ME-O [* ={ FBME-R | i | FBME-O }4 > ME-R [« >

A% i T/S
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Figure 5-1 — Functional reference model of FTTdp deployment with copper backhaul
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The reference model of the information flows within the DPU and the functionality of the FTU-Os in
the DPU is described in clause 5.1 of [ITU-T G.9701].

The reference model of the information flows within NT-n and the functionality of the FTU-R-n in
the NT-n is described in clause 5.1 of [ITU-T G.9701].

Figure 5-2 provides an overview of the reference model with the logical information flows within the
DPU-FB containing NB FBTU-Rs and NF FBTU-Os. The fundamental principle of the system is
synchronous and coordinated transmission and reception of signals from all NB wire-pairs connected
to the DPU, and of all NF wire-pairs connected to the NTs. Thus, both the back line signals and the
front line signals may be represented as a vector where each component is the signal on one of the
multiple lines.
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Fe-1-n between FBTU-O-1 and all other FBTU-Os
Be-1-n between FBTU-O-1 and all FBTU-Rs
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Figure 5-2 — Reference model of the DPU-FB
(shown for line 1 of NB back lines and for line 1 of NF front lines)

The NF front lines and the NB back lines are part of a single vectored group. For each of the NF
FBTU-Os in the vectored group, the data plane information flow over the yo reference point is
represented by a single downstream data stream (STREAMds-n) and a single upstream data stream
(STREAMus-n), where 'n' is an identifier for a specific FBTU-O (FBTU-O-n) and associated wire-
pair. The FBTU-O may use flow control (TX Enable-n) on the downstream data stream. The L2+
entity may use flow control (RX Enable-n) on the upstream data stream. Inside the DPU-FB, the
FBME-O conveys the management information (over the y MGMTo interface) to each of the
FBTU-Os.

The functionalities of the DPU-FB also include:

. Timing control entity (FBTCE);

. Vectoring control entity (FBVCE);

. Dynamic resource allocation (FBDRA) that also includes power control entity (PCE).

The FBTCE coordinates the transmission and reception with synchronous time-division duplexing

(STDD) over the vectored group. The FBTCE derives the TDD timing applied to the front lines from

the TDD timing as applied on the back lines by the TCE in the DPU. At the UB-R and U-O reference

point, downstream symbols transmitted by all NB FTU-Os, upstream symbols transmitted by all NB

FBTU-Rs, downstream sync symbols transmitted by all NF FBTU-Os, and upstream sync symbols
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transmitted by all NF FTU-Rs are aligned over all wire-pairs in the vectored group. The coordination
is shown in Figure 5-2 as the same TDD timing (as received by the FBTU-Rs on the back lines) being
passed from the FBTCE to all NF FBTU-Os.

The FBTCE receives the transceiver sample clock fs and network frequency/timing from the
FBTU-Rs. The FBTCE passes the transceiver sample clock fs, network timing reference (NTR) and
time-of-day (ToD) to all NF FBTU-Os. Inside the DPU-FB, the FBME-O conveys the management
information (over an interface here called TCE-m) to the FBTCE.

The FBVCE coordinates the crosstalk cancellation over the vectored group. This coordination is made
possible through communication from each FBTU-O to all other FBTU-Os and FBTU-Rs and from
each FBTU-R to all FBTU-Os; for example:

- Fe-1-n identifies the interface between an FBTU-O online 1 (here called FBTU-O-1) and all
other FBTU-Os on lines n (here called FBTU-O-n, n =2...NF) and,

— Be-1-n identifies the interface between an FBTU-O online 1 (here called FBTU-O-1) and all
FBTU-Rs on lines n (here called FBTU-R-n, n=1...NB).

Coordination data (e.g., precoder data for vectoring) are exchanged between FBTU-O-nl and
FBTU-O-n2 over an interface here called Fe-n1-n2, and between FBTU-O-n1 and FBTU-R-n2 over
an interface called Be-n1-n2. Each FBVCE controls a single DPU-FB, and controls FBTU-O-n
(connected to front line n) over an interface here called Fe-c-n (e.g., to set precoder coefficients for
vectoring). The information contained in the vectoring feedback channel (FVFC-n) enables the VCE
to estimate the FEXT and determine the precoder coefficients. The vectoring feedback information is
conveyed from the FTU-R to the FBVCE over the U-interface to the FBTU-O and then over the
FVFC to the VCE. Inside the DPU-FB, the FBME-O conveys the management information (over an
interface here called e-m) to the FBVCE. Each FBVCE also controls each FBTU-R-n (connected to
back line n) over an interface here called Be-c-n (e.g., to set upstream probe sequences for vectoring).
The information contained in the vectoring feedback channel (BVFC-n and FVFC-n) enables the
FBVCE to estimate the NEXT.

The FBDRA (including the PCE) coordinates the downstream and upstream transmission
opportunities over the front lines of the vectored group. Its functionality is the same as described for
the DRA in clause 5.1 of [ITU-T G.9701]. In addition, the PCE controls the desired link state for the
FBTU-Rs (e.g., for intentional temporary shutdown of some bonded lines; see clause 9 of
[ITU-T G.998.2]). Inside the DPU-FB, the FBME-O conveys the management information (over an
interface here called DRA-m) to the FBDRA.

5.2 Application reference models

Implementations complying with this Recommendation are typically deployed in a FTTdp scenario.
FTTdp deployment and FTTdp key aspects (as self-install and reverse powering) are described in
clause 5.2 of [ITU-T G.9701]. The optical distribution network that feeds the distribution point units
(DPUs) may be based on point-to-multipoint (e.g., PON) or point-to-point (e.g., GbE) technologies.
The copper distribution network that feeds the fastback distribution point units (DPU-FBs) is based
on bonded G.fast (see [ITU-T G.998.2] and [ITU-T G.9701]).

The basic application reference model for FTTdp with POTS shown in Figure 5-4 of [ITU-T G.9701]
and the related signal flows shown in Table 5-1 of [ITU-T G.9701] remain valid for this
Recommendation, with the U-O reference point applying at the DPU-FB (as shown in Figure 5-1)
instead of the DPU (as shown in Figure 5-1 of [ITU-T G.9701]), and the FTU-O and service splitter
residing in the DPU-FB.

The basic application reference model for FTTdp with reverse powering and POTS shown in
Figure 5-5 of [ITU-T G.9701] and the related signal flows shown in Table 5-2 remain valid for this
Recommendation, with the U-O reference point applying at the DPU-FB (as shown in Figure 5-1)
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instead of the DPU (as shown in Figure 5-1 of [ITU-T G.9701]), and the FXO POTS adapter, PSU
and PE residing in the DPU-FB.

The basic application reference model for FTTdp with reverse powering and derived POTS shown in
Figure 5-6 of [ITU-T G.9701] and the related signal flows shown in Table 5-3 remain valid for this
Recommendation, with the U-O reference point applying at the DPU-FB (as shown in Figure 5-1)
instead of the DPU (as shown in Figure 5-1 of [ITU-T G.9701]), and the FTU-O, PSU and PE residing
in the DPU-FB.

The basic application reference model for FTTdp with reverse powering and derived POTS not
sharing the in-premises wiring with [ITU-T G.9701] shown in Figure 5-7 of [ITU-T G.9701] and the
related signal flows shown in Table 5-4 remain valid for this Recommendation, with the U-O
reference point applying at the DPU-FB (as shown in Figure 5-1) instead of the DPU (as shown in
Figure 5-1 of [ITU-T G.9701]), and the FTU-O, PSU and PE residing in the DPU-FB.

The electrical reference model for FTTdp with reverse powering and (derived) POTS shown in
Figure 5-8 of [ITU-T G.9701] remains valid for this Recommendation, with the U-O reference point
applying at the DPU-FB (as shown in Figure 5-1) instead of the DPU (as shown in Figure 5-1 of
[ITU-T G.9701]), and the FTU-O, POTS adapter-E and PE residing in the DPU-FB.

5.3 FTU protocol reference model

The FTU protocol reference model defined in clause 5.3 of [ITU-T G.9701] describes the FTU-O and
the FTU-R, and concerns the FTU protocol sub-layers that are all below the y reference point. The
reference model includes data and management planes addressing the TPS-TC, PMS-TC and PMD
sub-layers.

The FTU protocol reference model defined in clause 5.3 of [ITU-T G.9701] remains valid for this
Recommendation, with this reference model applied both at the UB reference point (between FTU-O
and FBTU-R) and the U reference point (between the FBTU-O and the FTU-R).

The functionality of the TPS-TC, PMS-TC and PMD sub-layers is defined, respectively, in clauses 8,
9 and 10 of [ITU-T G.9701], with differences defined in this Recommendation.

The data plane protocol reference model of the ITU-T G.9702 link is shown in Figure 5-3.

FTU-O FBTU-R FBTU-O FTU-R
Transport protocol Layer 2 + functions Transport protocol
(e.g., Ethernet ) (e.g., Ethernet switch) (e.g., Ethernet )
B > <« Yo Yr >
BOND v e BOND TPS-TC TPS-TC
% O R >
TPS-TC TPS-TC % >
I |pHY oo | oy —p PMS-TC I PMS-TC pHY| |
| PMS-TC o PMS-TC 3 | 5 —» I
I % | e PMD Tt PMD I
i PMD I PMD I I
| Black line physical medium Front line physical medium ‘

G.9702(22)
Figure 5-3 — Data plane protocol reference model

5.4 FTU functional model

The FTU functional model presented in Figure 5-11 of [ITU-T G.9701] includes functional blocks
and interfaces of the FTU-O and FTU-R, and illustrates the most basic functionality of an FTU.
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The FTU functional model presented in Figure 5-11 of [ITU-T G.9701] remains valid for this
Recommendation, with this functional model applied to the FTU-O, FBTU-R, FBTU-O and the
FTU-R.

The PMD and PMS-TC functions are defined in the main body of [ITU-T G.9701], with differences
defined in this Recommendation. The packet-based TPS-TC (PTM-TC) function is defined in
clause 8.3 of [ITU-T G.9701]. Other types of TPS-TC are for further study. Functions above the y
reference point are beyond the scope of this Recommendation, except the NTR and ToD functions of
the TCE, which are defined in clauses 8.4 and 8.5 of [ITU-T G.9701], respectively.

The principal functions of the PMD are the same as in [ITU-T G.9701]. In this Recommendation, due
to the DPU-FB being in between the DPU and the NT (see Figure 5-1), the symbol timing of the
FTU-R is synchronized to the symbol timing of the DPU-FB, which in turn is synchronized to the
central clock of the DPU.

55 INP system requirements

The equipment between the V and T reference points (i.e., the access section including HON, DPU,
DPU-FB and NT1, see Figure 5-1) shall have the capability to support impulse noise protection (INP)
against SHINE impulses of up to 10 ms at all supported bit rates without loss of user data.

In order to support this system requirement, each transceiver shall be compliant with the INP
requirements defined in clause 9.8 of [ITU-T G.9701].

6 Profiles
See clause 6 of [ITU-T G.9701].

FBTU-R and FBTU-O shall support at least one profile listed in clause 6.1 of [ITU-T G.9701]. The
selected profiles of the FBTU-Os and FBTU-Rs of the same DPU-FB may differ from each other.
However, the DPU-FB shall provide means to cancel crosstalk between any front line and any back
line over the widest frequency spectrum determined by the profiles selected by those two lines.

NOTE — In particular, if a back line uses a 106 MHz profile and a front line uses a 212 MHz profile, the
crosstalk in the frequency spectrum between 106 MHz and 212 MHz generated by the front line into the back
line is cancelled and the crosstalk generated by the IDFT image above 106 MHz of the back line into the front
line is cancelled.

The rules of handling profiles and profile compliance shall be as defined in clause 6.2 of
[ITU-T G.9701].

7 Transmission medium interface characteristics
See clause 7 of [ITU-T G.9701].

8 Transport protocol specific transmission convergence (TPS-TC) function
See clause 8 of [ITU-T G.9701], as well as the following clause 8.1.4.

8.1.4 ys reference point

The ys reference point is internal to the DPU-FB and defined between the BOND and the L2+
functional blocks (see reference models in Figures 5-1 and 5-2). The yg reference point corresponds
to the MII in the protocol stack representation in Figure 1 of [ITU-T G.998.2]. The order in which
the data packets are transmitted is determined by the L2+ media access control mechanism in the
DPU (for downstream) and DPU-FB (for upstream), which is beyond the scope of this
Recommendation.
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The interface at the yg reference point is logical and is defined through primitives in the data plane
and the control plane. The primitives at the yg reference point are media-independent, and within the
scope of this Recommendation, applied to bonded ITU-T G.9701 backhaul between the DPU-FB and
the DPU. The content of the data packet is application specific. The primitives that control the flow
of data packets across the yg reference point are summarized in Table 8-1. The TX primitives in
Table 8-1 control packet transfer from the upper layers to the bonding function, while RX primitives
control packet transfer from the bonding function to the upper layers.

Table 8-1 — Flow control primitives at the ys reference point

Primitive Direction Description
TX Start Flag Indicates the first byte of the packet transmitted
towards the BOND function
TX Stop Flag Upper layer > BOND Indicates the last byte of the packet transmitted
towards the BOND function
TX Clock Transmit data clock reference
TX Enable Flow control primitive indicating that the BOND

function is ready to receive the next packet from
the upper layer (Note)

RX Start Flag BOND -> Upper layer Indicates the first byte of the packet transmitted by
the BOND function towards the upper layer

RX Stop Flag Indicates the last byte of the packet transmitted by
the BOND function towards the upper layer

RX Clock Upper layer > BOND Receive data clock reference

NOTE - If the TX Enable primitive is turned off during the transfer of a data packet, the upper layer shall
complete the transfer of this data packet.

The data flow primitives defining transmit and receive data transferred across the yg reference point
are summarized in Table 8-2.

Table 8-2 — Data flow primitives across the ys reference point

Primitive Direction Description
STREAM(ds BOND — L2+ Downstream data
STREAMus BOND « L2+ Upstream data

The timing related primitives at the yg reference point are presented in Table 8-3. The primitives also
indicate whether ToD and NTR are enabled and the synchronization option to be used. The primitives
are sourced by each FTBU-R. How the FBTCE derives a single set of primitives towards the FTU-Os
is beyond the scope of this Recommendation.
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Table 8-3 — Timing related primitives at the ys reference point

Primitive Direction Description

Transceiver sample clock (synchronized to the primary

fs-n FBTU-R-n — FBTCE transceiver sample clock at the DPU)

TDD timing (synchronized to the primary TDD timing
at the DPU)

Recovered NTR clock at the DPU-FB (synchronized to
the primary NTR at the V reference point)

TDD_timing-n FBTU-R-n — FBTCE

NTR_sc_clock-n FBTU-R-n — FBTCE

Recovered value of ToD at the DPU-FB associated with

ToD_sc_value-n FBTU-R-n — FBTCE the ToD_sc_edge

The instant of time associated with ToD_sc_value at the
DPU-FB

Recovered ToD clock at the NT (synchronized to the
primary ToD at the V reference point)

ToD_sc_edge-n FBTU-R-n — FBTCE

ToD_sc_clock-n FBTU-R-n — FBTCE

The vectoring related primitives at the yg reference point are presented in Table 8-4. These primitives
support the FBVCE in the cancellation of NEXT at the DPU-FB.

The NTR_sc_clock primitive is used to generate the NTR source for the FBTU-O (NTR_mc
primitive) which is used for FTU-R NTR frequency synchronization, as defined in clause 8.4.1.1 of
[ITU-T G.9701]. The specific method of generating the NTR_mc primitive using NTR_sc_clock-n
primitives collected from the DPU-FB FBTU-Rs is vendor discretionary.

The ToD_sc_value, ToD_sc_edge and ToD_sc clock primitives are used to generate the ToD source
for the FBTU-O (ToD_mc_value, ToD_mc_edge, ToD_mc primitives) are used for the FTU-R ToD
synchronization, as defined in clause 8.5.1 of [ITU-T G.9701]. The specific method of generating the
FBTU-O ToD source primitives using the ToD_sc_value-n, ToD_sc_edge-n and ToD_sc clock-n
primitives collected from the DPU-FB FBTU-Rs is vendor discretionary.

Table 8-4 — Vectoring related primitives at the ys reference point

Primitive Direction Description

Data and configuration for the vectoring feedback

BVFC-n FBTU-R-n — FBVCE channel related to the back lines

Control channel related to the back lines (e.g., to
Be-C-n FBTU-R-n <~ FBVCE | configure upstream probe sequences for NEXT
measurement)

The power control related primitives at the yg reference point are presented in Table 8-5. These
primitives support the PCE in saving power.

Table 8-5 — Power control related primitives at the ys reference point

Primitive Direction Description

Request to transition to the desired Link State
(e.g., for intentional temporary shutdown of
some bonded lines, see [ITU-T G.998.2]
clause 9)

Confirmation that the transition to the desired
Link State has succeeded or failed

LinkState.request-n FBDRA/PCE — FBTU-R-n

LinkState.confirm-n FBTU-R-n — FBDRA/PCE
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