ETSITS 103 430 vi.1.1 (2016-05)

PowerLine Teleggnlmunlc ﬂo»?]s (PLT);
Specification on %] @en&@Qﬁ\/DSLZ and PLT

modems &’usgmﬁ z@]oremlses
Spectral managggﬁe\é? of;@L‘Iﬁﬁd VDSL?2 transceivers

.@ QD‘Q "\z
SR


�N�c��d�(�ݪZ����]�%���SP����xy����߱l�k�5K��ǘ
���?�w�*�FIO��!�L+���i�GE��s�������W8ޅ1��+� �ƃ��'��<�p����]����C�

2 ETSI TS 103 430 V1.1.1 (2016-05)

Reference
DTS/PLT-00042

Keywords
powerline, VDSL2

ETSI

650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: +33 4 92 94 42 00 Fax: +33 4 93 65 4716

Siret N° 348 623 562 00017 - NAF 742 C
Association abbutinon lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° 7803/88

Important notice

The present document can be downloaded from:
http:#wwwi.etsi.org/standards-search

The present document may be made available in electronic versions and/or in print. The content of any electronic and/or
print versions of the present document shall not be modified without the prior written authorization of ETSI. In case of any
existing or perceived difference in contents between such versions and/or in print, the only prevailing document is the
print of the Portable Document Format (PDF) version kept on a specific network drive within ETSI Secretariat.

Users of the present document should be aware that the document may be subject to revision or change of status.
Information on the current status of this and other ETSI documents is available at
https://portal.etsi.orq/TB/ETSIDeliverableStatus.aspx

If you find errors in the present document, please send your comment to one of the following services:
https://portal.etsi.org/People/CommiteeSupportStaff.aspx

Copyright Notification

No part may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying
and microfilm except as authorized by written permission of ETSI.
The content of the PDF version shall not be modified without the written authorization of ETSI.
The copyright and the foregoing restriction extend to reproduction in all media.

© European Telecommunications Standards Institute 2016.
All rights reserved.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are Trade Marks of ETSI registered for the benefit of its Members.
3GPP™and LTE™ are Trade Marks of ETSI registered for the benefit of its Members and
of the 3GPP Organizational Partners.
GSM® and the GSM logo are Trade Marks registered and owned by the GSM Association.

ETSI


Eiiܼ�ɚq3�\.Ч:ȱ�i����a��\��v�6�͇��3䠍O�/����x��y	rQ��
�����i�Px�2A��QP�� �w�
��]�����b�b<�����Z�>�X�ƴ������8�

3 ETSI TS 103 430 V1.1.1 (2016-05)

Contents

Intellectual Property RIGNES.... ..ot e e b e 4
0 (=117 0 (o R 4
EXECULIVE SUIMIMAIY ....eeviieieite ettt ettt e sttt e s te et esbe s ae e teebeeatesteeaeesbesaeentesseeae e teeaseseesbeeneenteseeensensesneensesnennns 4
MoOdal VErDS EMINOIOQY ... .civeiueeiieiieece sttt ettt e e s resae e aesbeeaaesbesreensesaeeasessesneensesreeneensessens 4
11010 (8 (o110 o R 4
1 o0 0 SR 6
2 RS (10 6
21 INOIMBLIVE FEFEIEINCES ... .veeee ettt e ettt e e ettt e e ettt e e et et e e eeaaeesseaeeesssabeeesassaesssbesesssabesssansessssasanesssabenesssensssansneas 6
2.2 INFOIMIBLIVE FEFEIEICES. ... .eeeeeeee ettt ettt e et e e ettt e e et e e e s eaae e e s et e e e s eaaesssbesesssabeeesaseeessasbnessssbenesssensssananeas 6
3 DEfiNitionNS aNd ADDIEVIGLIONS........cooiiiiiiie ittt e e e s ee e e s s sbe e e s s s bb e e s s sbb e e s s ebbeessssbeeessssbenesssnrns 7
3.1 [ L1 T (o 1 7
3.2 F N o] oL (=Y/ = (o] 1R 7
4 Configuration of VDSL2 gateway and PLT network in GUSIOMEr PremiSe.......cocevveeeieeeesieseeseseennens 7
41 (g1 00 [8Tox 1 1o e S TR 7
4.2 DSL and PLT Channel Coupling MOGE] ...........coo el a8 e 8
4.3 Analysis of the PHY layersof PLT @nd DSL......c. 57 o ereeenineeinen s Bt At et 9
5 RS TS (= 0101 1101010 [ E T N 10
5.1 Generalized refErenCe MO .........oeviieee S e e Cha et e e et e e e et e e s saeeessebeeeseeabeesseneeessanreeeean 10
5.2 (DS =T K0 1 SR T 1= = 0 T 11
6 (CT=0TC = IF=10] o] (07 o: TR~ s S S S 11
6.1 Overview of PLC the interferencemitigation MECNAMISTI .....cvrverieerereeee e 11
6.1.1 OVEIVIEBW e i b e et 6 e e 00 ettt e et e e s et e e s st e e s s st e e e s easaeessbaeessenbeeessnenasssnbnnasan 11
6.2 DEVICE AISCOVEIY ... i e B g it ce ettt b et b et b ettt b et bbbt b ns 12
6.2.1 OVEIVIBW et i ettt ettt e e s bt e e et e e e s eaae e e s sabeeessateeessasseessbaaessesbeeessnesessssbnnasan 12
6.3 DEVICE MEASUIEIMENT ...t eieie e eeeessasbbe s searttesssseeasssseessassesessssseessseeeseassesssassssessabeseseasbesssassnsssassnessansenessanes 13
6.3.1 (@Y= A VL= YA o et TR 13
6.4 (DY Lol X oo 1Ko U1 (o] o I 13
6.4.1 (@V= A VL= YA ST 13
6.5 Primitives supporting COexi StENCEPIOLOCO .........ciieriieeeeeeetiesees e e e e sttt e s e ssaesreebeeeeeeesneesnes 13
6.6 DeSCription Of PriMITIVES..... ..ot ettt e e sre e sae e teeateeaeesseesseesteeseeseeneenneennes 13
115 PSS SR 15

ETSI


8��F*b�S�c���<0&A�u���_�,��zf�x��$L���������^�b�.�/��J3��K���� H�}h�4���z�_�D2��-���qo�Y-��F-�Ƴ&-#2e%!L��������

4 ETSI TS 103 430 V1.1.1 (2016-05)

Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential |PRs, if any, ispublicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards', which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org/).

Pursuant to the ETSI IPR Palicy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
can be given asto the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Foreword

This Technical Specification (TS) has been produced by ETSI Technical Committee Powerline Telecommunications
(PLT).

The present document is a deliverable covering the coexistence of Powerline Telecommunication transceivers with
Very high speed Digital Subscriber Line transceivers in customer premises.

The present document on coexistence of VDSL2 and PLT is aligrned on Recommendation I TU-T G.9979
Amendement 1[i.5].

Executive summary

The overlapping of frequency bands between DSIyvandPLT is cauising'mutual interferences raising the issue of EMC.

The present document specifies reference model s.and functionality, of a mechanism to mitigate interference caused by
in-home powerline devices to xDSL (implementing access Recommendations like Recommendation ITU-T G.993.2 [2]
and Recommendation ITU-T G.9701[i<4]) and vice versaslt isdefined as a pointer document to the Recommendation
ITU-T G.9977 (2016) [1].

Addressing the coexistence problems of PLT and DSleoperating in customer environments, the present document
describes a coordination of both the xDSL access andin-home powerline transmission by an arbitration function (AF)
which allows optimizing the performance of \each"part of the system in order to meet the throughput reguirements to the
end customer across both in-home and xD:SL access networks by appropriately configuring parameters of xDSL and/or
PL C devices based on a coordination policy 'whenever this policy is available.

Modal verbs terminology

In the present document "shall", "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" areto beinterpreted as described in clause 3.2 of the ETS| Drafting Rules (Verba forms for the expression of
provisions).

"must” and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.

Introduction

Over the past decades, broadband technologies for access networks and home networking have seen an increasing level
of improvements to meet consumers expectations in speed and services.

The demand for higher bit rate data services from customer side is promoted by high-speed Internet access and many
forthcoming innovative services as UHD video streaming. This demand become possible with the deployment of DSL
technology as well as the extension to DSL vectoring and bonding.

Recent advances in power line communications (PLT) have made it popular for in-home networking. Thismakes PLT a
source of interference for digital subscriber line (DSL) networks within the home environment.
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The present document proposes interference mitigation solutions that allow the coexistence of in-home PLT and DSL
networks.

In addition, the present document proposes two interference mitigation solutions that enhance the coexistence of in-
home PLT and DSL networks.

The interactions between a Digital Subscriber Line (DSL) access network and Home Networks based on Powerline
Telecommunication (PLT) have been reported during past years as PLT modems are widely used for IPTV distribution
in ahome.

PLT networks and DSL networks use some of the same frequencies in the unlicensed band from 2 - 88 MHz. PLT

devices and DSL devices may often be placed in relative proximity to each other and there are concerns that this could
present interference.
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1 Scope

The present document defines a method to improve the coexistence by mitigating the interference between the DSL
transceiver and PLT transceiver operating in overlapping frequency band but on different cables.

In-home PLT networks operate over the same spectrum as DSL networks. This increases the likelihood of crosstalk
between PLT and DSL communications systems. For instance, two home networks that operate at the same frequency
range, one over copper twisted-pairs (138 kHz - 30 MHz) and the other over power lines (1,8 MHz - 30 MHz ), would
interfere with each other.(ETSI TR 102 930 [i.1]).

The DSL and PLT interference environment is discussed in more detail. Communication standards for PLT, have been
devel oped with mechanisms that prevent any interference between various systems within the home environment.

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected-1ocation might be found at
https://docbox.etsi.org/Reference/.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are necessary for'the application of the present document.

[1] Recommendation | TU-T G:9977 (02-2016)..*Mitigation of Interference between DSL and PLC".
2] Recommendation ITU-T G.993.2 (01-2015):*"Very high speed digital subscriber line transceivers
2(vDSL2)".
2.2 Informative references

References are either specific (identified.by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] ETSI TR 102 930 (V1.1.1): "PowerLine Telecommunications (PLT); Study on signal processing
improving the coexistence of VDSL2 and PLT".

[i.2] ETSI-PLUGTEST (May 25-29, 2009): "DSL and in-door PLT coexistence Tests Report” from
LANPARK.

[i.3] BroadBand ForumTR-069: "CPE WAN Management Protocol".

NOTE: Available at http://www.broadband-forum.org/cwmp.php.

[i.4] Recommendation ITU-T G.9701: "Fast access to subscriber terminals (G.fast) - Physical layer
specification”.
[i.5] Recommendation I TU-T G.9979 (2014) Amendment 1 (02-2016): "Implementation of the generic

mechanism in the |EEE 1905.1a - 2014 Standard to include applicable ITU-T Recommendations'.
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3 Definitions and abbreviations
3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:

Arbitration Function (AF): entity that facilitates coordination between the DSL and PLC systemsin order to reduce
interference on the basis of coordination policy by appropriately configuring parameters of the DSL and PLC devices

NOTE: The coordination policy is expected to be determined and provided by the operator. In case such policy is
not determined or provided by the operator, the AF works according to a predefined default policy.

Customer Premises Equipment (CPE): customer premises equipment implementing xDSL functionality that is
compliant with at least one of the Recommendation ITU-Ts of G.99x and G.970x series

Centralized Control M ode (CCM): mode of a PLC network in which devices do not exchange information directly
with the AF but viathe PLC-NC

Distributed Control Mode (DCM): mode of a PLC network in which PLC devices exchange information directly with
the Arbitration Function

PL C Network Controller (PLC-NC): in CCM, one of the PLC devicesin the PLC network that is assigned to control
all other devicesin the network

3.2 Abbreviations

For the purposes of the present document, the following abbreviations apply:

AF Arbitraty Function

CPE Customer Premises Equipment

DMT Discrete MultiTone

DSL Digital Subscriker’Line

DSM Dynamic Spectrum Management

EMC ElectroMagnetic Compatibility.

FDD Frequency Division Duplexing

IPTV Internet Protocol TeleVision

ITU-T International Telecommiunication Union - Telecommunication
LAN Local Area Network

MAC Medium Access Controler (Layer 2)

MIMO Multiple Input Multiple Output

NMS Network Management System

NT NeTwork

OFDM Orthogonal Frequency Division Multiplexing (multi-carrier transmission)
OPCODE OPeration CODE

PHY PHY sical layer /transmission (Layer 1)

PLC PowerLine Communication

PLT PowerLine Telecommunication

RGW Residential GateWay

TV TeleVision

UHD Ultra High Definition (4K video)

VDSL2 Second generation of Very high speed Digital Subscriber Line

4 Configuration of VDSL2 gateway and PLT network in
customer premise

4.1 Introduction

DSL and PLT technologies are based on OFDM transmission and both PLT and DSL modems operate in the frequency
range from 2 MHz to 30 MHz, although on different cables.
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Figure 1: Interaction between DSL and PLT

The cross-channel coupling depends on the type of cables (twisted-or.untwisted) used for DSL transmission as well as
on the following parameters (length, space/distance, type):

. Length of co-localized cables: 1 m, 5 m, 20 m.

. Space between cables: Contact, 1 cm, 6 cm,20.cm,
. DSL cables: untwisted, CAT3, CATS,

o Power cables; 3G2.5.

The cross-channel coupling occurs wherrcablesare co-tocalized (telephone and electrical), this configuration includes
customer premise equipments as residential broadband gatewray ,-set-top-box and connected TV.

Under red lifetests[i.2] with several PLT technolagies:allowed the following conclusions; the confirmation of DSL
and PLT signalsin-door coupling, depending on.the:quality (twisted or not twisted) of cables, the distance between the
telephone and electrical cables.

4.2 DSL and PLT-Channel Coupling Model

The DSL and PLT channels are usually modelled separately, for our purpose of coexistence of these two transceivers, a
MIMO channel model of dimension using matrix H (2 x 2) was introduced to take into account the channel coupling
and thisisillustrated in figure 2).

InthisMIMO model, coefficient hl,1 represents the DSL channel model, and coefficient h2,2 the PLT channel model.

ThisMIMO model exhibit aso channel coupling coefficients as coefficient h2,1 from PLT to DSL and coefficient hl,2
vice-versa(i.e. fromDSL to PLT).

The complete model & so include additive noises (n1,n2) on each channel as depicted in figure 2.

Infigure 2, theinput signalsare: X1 for DSL and X2 for PLT and output signals (the ones actually received by the
modems) are Y1 for DSL modem and Y 2 for PLT modem.
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Figure 2: DSL and PLT channel coupling MIMO model

The coexistence between these two transceivers could be solved at different layerslevels: Both PLT and VDSL2
modems operate in the frequency range from 2 MHz to 30 MHz, although on different cables.

The coupling factor isincreasing as a function of frequency; this observation is correlated to the coupling factor
between DSL linesin a same cable. H(f) is the transfer function, based on the PLT and DSL channel coupling model
expressed as a matrix.

In the following, aMIMO transfer function is defined as H(f) based'on the PLT and DSL channel coupling model asa
matrix H where X1 represent DSL signal and X2 the PLT signalwith additive Gaussian noises (n1, n2) as given by the
equation (1):

Y, = h, X, ¥h, Xt n,

Y, = hy Xy +dins X, 11,
)

It has been validated by real measurementsTi.2] that interferences from a PLT modem to a DSL modem can
reach -90 dBm/Hz, this crosstalk interference from PL T is affecting more the downstream of DSL received at the
customer premises than the upstream: Under such conditions impacted DMT carriers may not be able to carry any data.

To solve the coexistence of PLT with DSL, the followingMIMO [i.1] channel model was used in description of the
coupling of telephone wires channels and el ectrical*wires channels.

The PLUGTEST report [i.2] on PLT-DSL coexistence confirms the risk of potential interferences when the cables are
very close to each other:

1) Thedominating part of the interference above certain frequency is due to el ectromagnetic emission (radiation).
2) Theinterference (or the coupling) will increase with frequency up to a certain cut-off frequency.
3) Theconducted field interferenceis not so strong as would generally be perceived.

Inreal customer premise, many wiring rules are adopted for electrical networks and telephone in home networks, the
resulting coupling between the two wiring is unknown.

Depending on this coupling, the interferences from PLT signal on DSL signal is strong when the two wires are close.

4.3 Analysis of the PHY layers of PLT and DSL

The physical layer of PLT modem (PHY) is based on windowed OFDM as the basic modulation technique. The
physical layer of VDSL2/ modem (PHY) is also based on windowed OFDM.

The separation of upstream and downstream transmissions by FDD is defined by the band plans[2].

The VDSL 2 signal can potentialy use the frequency range up to 35 MHz, although the maximum frequency used by a
modem to transmit data depends on the selected band plan and the conditions of telephone line.

The VDSL 2 transceiver may select one or more sub-carriers to use for timing recovery, called Pilot Tones. Pilot tones
are selected separately for initialization and showtime. For VDSL 2, two sub-carrier spacing are available: 4,3125 kHz
and 8,625 kHz.
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