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Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly 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 ETS| Secretariat. Latest updates are available on the ETSI Web

server (http://ipr.etsi.org).

Pursuant to the ETSI IPR Palicy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given as to 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 Access, Terminals, Transmission
and Multiplexing (ATTM).

The present document is part 3 of a multi-part deliverable covering Access network XxDSL transmission filters, as
identified below:

Part 1.  "Generic specification of xXDSL over POTS splitters’;

Part2:  "Generic specification of xDSL over ISDN splittersand XDSL universal splitters’;

Part 3: " Generic specification of static distributed filtersfor xDSL over POTS";

Part 4:  "Additional specifications for dynamic distributed filters for xDLS over POTS (under study)".

NOTE 1: The present document is derived from previous specifications of distributed filters for ADSL over POTS.
Before the publication of the 3 (or 4) parts as described above, the TS 101 952 was composed of 2 parts,
which discriminated between ADSL and VDSL, with several subparts. For reasons of simplicity the TSis
now restructured as a set of only 3 (potentially 4) documents, intended for both ADSL and VDSL when
applicable. The older structure of the documents is explained in the informative Annex B.

NOTE 2: Useful information on splitter tests also applicable to distributed filters may be found in
TR 101 953-1-1i.3] and TR 101 953-2-1 [i.5]. These documents are linked to the previous versions of
the splitter specifications. [i.3] and [i.5] e.g. describe the combination of the AC testing conditions of the
test set-ups with the DC conditions controlled via feeding and loading bridges. If there is a discrepancy
between the present document and the TR 101 953 series of documents [i.3] to [i.8], the present document
prevails.

NOTE 3: Theuse of distributed filtersis not recommended for VDSL, but it is not excluded. For this reason the
parts 3 and 4 refer to distributed filters for xDSL and not just for ADSL.

NOTE 4: In the present document we introduce three classes of filters: basic, standard and enhanced. The reasoning
behind this approach is clarified in Clause 6.1.1.

NOTE 5: When multiple distributed filters are installed in parallel the quality of the POTS band signals tend to
degrade proportionally to the number of filters placed at the customer's premises. This effect is explained
in Clause C.1. This degradation effect isworse if multiple distributed filters of basic quality are used, or
filtersthat only fulfil the previous published requirement (TS 101 952-1-5 (V1.2.1) [i.17]). In that case
aso the DSL signals can potentially be degraded. The latter is further addressed in the informative
Annex B.

The present document is fully in line with initiative "eEurope 2002 - An Information Society For All", under "The
contribution of European standardization to the eEurope Initiative, A rolling Action Plan" especially under the key
objective of a cheaper, faster and secure Internet.

ETSI


http://webapp.etsi.org/IPR/home.asp

7 ETSITS 101 952-3 V1.1.1 (2012-02)

Introduction

Remarks and limitations of the present document.

The present document covers al xDSL system variants, such as ADSL1, ADSL2, ADSL2plus, VDSL1 and VDSL2. It
isapplicable at only at the Terminal Equipment (TE) (i.e. user) side of the line. There is no equivalent of the distributed
filter at the CO side. The CO side central splitter requirements for xXDSL over POTS splittersarein TS 101 952-1 [11].

The present document is derived from previous specifications of distributed filters for ADSL over POTS, and it corrects
the errors of the older versions as explained in Annex B. It now contains measurements and reguirements for the
combined effect when multiple distributed filters are deployed in parallel.

A number of limitations and remarks of the present document should be listed:

1)

2)

3)

4)

5)

6)

Originally the present document was limited to distributed filtersfor ADSL. It is now extended to cover also
distributed filtersfor VDSL. Inthe ITU-T documents a warning note is recommending not to use distributed
filtersfor VDSL. E.g. see note 7 of section 5.4 of G.993.2 [i.13]). However, if distributed filters are used in
VDSL 2 scenarios to achieve a faster and cheaper deployment of service, operators should realize that this
could prevent VDSL to attain its maximum theoretical transmission performances, and that ERM/EMC
problems of the VDSL could worsen.

The present document covering XxDSL over POTS distributed filters was gained from the experience with
passive and static DSL splitters, the original state of the art for this application. Therefore, the requirementsin
the present document are primarily intended for passive and static distributed filters at the TE side only.

There are other classes of filters possible, besides passive and static splitters. Such active and/or dynamic
filters are composed of other elements than passive components. Active/dynamic splitters require different and
additional requirements and test methods to be specified. Indeed, the dynamic behaviour of the splitter could
alow the requirements to differ depending on the state of the line, e.g. requiring isolation, attenuation,
rejection and insertion loss val ues to be adapted to the on-hook and the off-hook state of the line. The full
specification of requirements for active/dynamic splitter is F.F.S. An introduction to thisisin the informative
Annex K. Additional requirements might be in TS 101 952-4 [i.14] (under study).

Distributed filters have less stringent isolation requirements than central splitters. The non-linearity of some
telephone sets may then cause audible back-ground noise in the POTS band, disturbing the phone conversation
and potentially even reducing the DSL capacity, particularly when the phone is picked-up.

Besides testing static requirements according to the present document, there exists a dynamic testing
methodology, compiled by the broadband forum, in TR-127 [i.15]. The TR-127 [i.15] methodology for POTS
splitters and filtersis now published. A tutorial text on TR-127 [i.15] is given in informative Annex H. The
TR-127 [i.15] test methodology is considered a useful method of assessing overall filter performance and
could be carried out complementarily to the present specification. For certain properties the TR-127 [i.15]
methodology is sometimes the only feasible method at an acceptable complexity. Indeed, TR-127 [i.15] may
prove that afilter works correctly in aworst case XxDSL test environment, including POTS DC and ringing
signals. The use of the TR-127 [i.15] methodology for this purpose is suggested for certain clausesin the
present document, but out of scope.

The use of Option A and B for defining Return Loss is kept in the present document in exactly the same way
asitisused for POTS splitters.

ETSI
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1 Scope

The present document specifies requirements and test methods for "xDSL over POTS' distributed filters. These filters
are at the user side of the local loop in the customer premise.

. Unlike the splitters (sometimes called central splitters to distinguish them from distributed filters) described in
TS 101 952-1[11] and TS 101 952-2 [12], the distributed filters do not contain a high pass part. Therefore,
only the low pass part is tested.

. Furthermore, the central splitters mentioned above are used as a single device at each end of the line.
Distributed filters are often not used as a single device, but as multiple parallel devices. This aspect, which was
not tested in a previous version of the present document (see note 5 of the Foreword and the informative
Annex B), is now tested also.

2 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
reference document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected location might be found at
http://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.

2.1 Normative references
The following referenced documents are necessary for the application of the present document.

[1] ETSI TBR 038: "Public Switched Telephone Network (PSTN); Attachment requirements for a
terminal equipment incorporating an anal ogue handset function capable of supporting the justified
case service when connected to the analogue interface of the PSTN in Europe”.

[2] ITU-T Recommendation O.42: "Equipment to measure non-linear distortion using the 4-tone
intermodul ation method".

[3] ETSI ES 203 021-3: "Access and Terminals (AT); Harmonized basic attachment requirements for
Terminals for connection to analogue interfaces of the Telephone Networks; Update of the
technical contents of TBR 021, EN 301 437, TBR 015, TBR 017; Part 3: Basic Interworking with
the Public Telephone Networks'.

NOTE: ETSI TBR 021 has been made historical.

[4] ITU-T Recommendation O.41: "Psophometer for use on telephone-type circuits’.

[5] ITU-T Recommendation O.9: "Measuring arrangements to assess the degree of unbal ance about
earth”.

[6] ETSI ES 201 970: "Access and Terminals (AT); Public Switched Telephone Network (PSTN);

Harmonized specification of physical and electrical characteristics at a 2-wire analogue presented
Network Termination Point (NTP)".

[7] ETSI EN 300 659-1: "Access and Terminals (AT); Analogue access to the Public Switched
Telephone Network (PSTN); Subscriber line protocol over the local loop for display (and related)
services; Part 1: On-hook data transmission”.

[8] ETSI ES 200 778-1: "Access and Terminals (AT); Analogue access to the Public Switched
Telephone Network (PSTN); Protocol over the local loop for display and related services,
Termina equipment requirements; Part 1. On-hook data transmission”.
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[9]
[10]
[11]

[12]
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ETSI ES 201 729: "Public Switched Telephone Network (PSTN); 2-wire analogue voice band
switched interfaces, Timed break recall (register recall); Specific requirements for terminals’.

ETSI ES 201 187: "2-wire analogue voice band interfaces; Loop Disconnect (LD) dialling specific
reguirements’.

ETSI TS 101 952-1: "Access network xDSL splitters for European deployment; Part 1. Generic
specification of xDSL over POTS splitters’.

ETSI TS 101 952-2: "Access, Terminals, Transmission and Multiplexing (ATTM); Access
network xDSL splitters for European deployment; Part 2: Generic specification of xDSL over
ISDN splittersand xDSL universal splitters”.

Informative references

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]
[i.2]

[i.3]

[i.4]

[i.5]

[.6]

[i.7]

[i.8]

[i.9]
[i.10]
[i.11]

[i.12]

[i.13]

[i.14]

NOTE:

ETSI TR 102 139: "Compatibility of POTS terminal equipment with xXDSL systems".

ETSI TR 101 728: "Access and Terminals (AT); Study for the specification of low pass filter
section of POTS/ADSL splitters'.

ETSI TR 101 953-1-1: "Access and Terminals (AT); Unified and Generic Testing Methods for
European Specific DSL splitters; Part 1: ADSL splitters for European deployment; Sub-part 1.
Specification of Testing methods for Low Pass part of ADSL/POTS splitters”.

ETSI TR 101 953-1-2: "Access network xDSL transmission filters; Part 1: ADSL splitters for
European deployment; Sub-part 2: Testing methods for High Pass part of ADSL/POTS splitters’.

ETSI TR 101 953-2-1: "Access network xDSL transmission filters; Part 2: VDSL splitters for
European deployment; Sub-part 1: Specification of Testing methods for low pass part of
VDSL/POTS splitters’.

ETSI TR 101 953-2-2: "Access network xDSL transmission filters; Part 2: VDSL splitters for
European deployment; Sub-part 2: Specification of Testing methods for high pass part of
VDSL/POTS splitters'.

ETSI TR 101 953-1-3: "Access network xDSL transmission filters; Part 1: ADSL splitters for
European deployment; Sub-part 3: Testing methods for ADSL/ISDN splitters’.

ETSI TR 101 953-2-3: "Access network xDSL transmission filters; Part 2: VDSL splitters for
European deployment; Sub-part 3: Specification of Testing methods for VDSL/ISDN splitters'.

ITU-T Recommendation G.992.1: "Asymmetric Digital Subscriber Line (ADSL) transceivers'.
ITU-T Recommendation G.992.3: "Asymmetric Digital Subscriber Line transceivers 2 (ADSL2)".

ITU-T Recommendation G.992.5: "Asymmetric Digital Subscriber Line (ADSL) transceivers -
Extended bandwidth ADSL2 (ADSL2plus)".

ITU-T Recommendation G.993.1: "Very high speed Digital Subscriber Line transceivers
(VvDSL)".

ITU-T Recommendation G.993.2: "Very high speed Digital Subscriber Line transceivers 2
(VDSL2)".

ETSI TS 101 952-4: "Access, Terminals, Transmission and Multiplexing (ATTM); Access
network xDSL splitters for European deployment; Part 4: Additional specifications for dynamic
distributed filtersfor xDL S over POTS (under study)”.

This Document is under construction.
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[i.15] Broadband Forum TR-127: "Dynamic Testing of Splitters and In-Line Filters with xDSL
Transceivers', Issue 1.

NOTE: Thisdocument can be downloaded at http://www.broadband-forum.org/technical/download/TR-127.pdf.

[i.16] ETSI TS101 952-1-5 (V1.1.1): "Access network XxDSL transmission filters; Part 1: ADSL splitters
for European deployment; Sub-part 5: Specification for ADSL over POTS distributed filters'.

NOTE: Thisdocument is part of the earliest version of the distributed filter specifications. See commentsin
Annex B.

[i.17] ETSI TS 101 952-1-5 (V.1.2.1): "Access network xDSL transmission filters; Part 1: ADSL
splitters for European deployment; Sub-part 5: Specification for ADSL over POT S distributed
filters'.

NOTE: Thisdocument is part of the most recent previous version of the POTS splitter specs. See commentsin
Annex B.

3 Definitions, symbols and abbreviations

3.1 Definitions

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

A-wireand B-wire: wiresin the 2-wire local loop connection provided from the exchange to the NTP
active splitter or active distributed filter: splitter or filter containing some active components
balun: transformer, used to convert balanced into unbalanced signals or vice-versa

central splitter: splitter that is used to isolate XDSL frequencies from POTS frequencies at a single point (often called
NTP) at the customer's premises; (occasionally it is aso called a master splitter)

distributed filter: low pass filter that is added in series with each of the parallel connected POTS TE

NOTE: Each of these parallel connected filters (in the in-house cabling) is known as a distributed filter. These
filters are also known as In-line filters or microfilters.

dynamic splitter or dynamic distributed filter: splitter or filter changing its transfer behaviour dynamically,
e.g. based on the state of the POTS connection

far end echo: speech that is fed back to the talker in atelephony connection with around trip delay (i.e. the delay
between talking and hearing the feedback), of greater than 5 ms, resulting in a distinguishable echo

master splitter: See central splitter.

Network Termination Point (NTP): demarcation point between the access pair and the in-house wiring, where often
the central splitter is placed

off-hook: state of the POTS equipment at either end of aloop connection when the NTP terminal equipment isin the
steady loop state

NOTE: SeeES 203 021-3[3]. Inthe case where multiple TEs are present at the customer end of the loop, then the
TE is considered to be off-hook from the perspective of testing the central splitter or the distributed filter
when one terminal is off-hook.

on-hook: state of the POTS equipment at either end of a POT S loop connection when the NTP terminal equipment isin
the quiescent state

NOTE: SeeES203021-3[3]. In the case where multiple TEs are present at the customer end of the loop, then the
TEs s considered to be on-hook from the perspective of testing the central splitter or the distributed filter
only when all terminals are on-hook.
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passive splitter or passive distributed filter: splitter or filter containing exclusively passive components

sidetone: speech that is fed back to the talker in atelephony connection with around trip delay (i.e. the delay between
talking and hearing the feedback), of less than approximately 5 ms, making it indistinguishable from the original
utterance

static distributed filter: distributed filter not intended to change its transfer function based on the state of the POTS
connection

NOTE: Thesefiltersare aso known as single state distributed filters.
static splitter: splitter not intended to change its transfer function based on the state of the POTS connection

NOTE: These splitters are a'so known as single state splitters.

3.2 Symbols

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

Attpg Attenuation in the xDSL Band (LINE port to xDSL port, or reversed)

CpsL The capacitor C part of the Zp g

fy highest of the used frequenciesin the xDSL Band

fL lowest of the used frequenciesin the xDSL Band

fm1 intermediate frequency, at the edge between US or USO and the DS band for xDSL
fmax maximum frequency above xDSL band for measurements

ILpoffH Insertion Loss xDSL Band Off-Hook

ILpgonH Insertion Loss (Isolation) xDSL Band On-Hook

IL v axOffH Maximal Insertion Loss Off-Hook (in the POTS band)

IL M axonH Maximal Insertion Loss On-Hook (Low Impedance, in the POTS band)

ILyeter Insertion Loss for Metering (Off-Hook)

ILpgonH Insertion Loss POTS Pass Band On-Hook

ILtBofH Insertion Loss Transition Band, only measured in Off-Hook

ILy zroffH Maximal Insertion Loss Variation Off-Hook (in the POTS band)

ILvaronH Maximal Insertion Loss Variation On-Hook (Low Impedance, in the POTS band)
LCL Longitudinal Conversion Loss

LCL | inEport LCL at the LINE port
LCLporgport  LCL at the POTS port

LCTL Longitudinal Conversion Transfer Loss

LCTLporstoLinE LCTL from POTS port to LINE port

Lpst Theinductance L part of the Zp g

Npg Noisein the xDSL band

Npg Noise in the POTS band (psophometric)

Ratos DC resistance between A and B wire

Rpc DC Resistance of asplitter or filter for POTS current

Rps. Theredistive R part of the Zp g (Rpg = Zretpst)

Reeep Variable DC feed resistor in Figure 3

R, oaD Variable DC load resistor in Figure 4

RL profH Return Loss POTS Pass Band Off-Hook

SpsL Switch to connect xDSL impedance Z g to the test set-up
Spar Switch to connect N-1 filters to the test set-up, in parallel with the main filter DUT
UaEpg Unbalance about Earth in the POTS Band

Vrp V Ring-Drop

Zpc Generic name for the AC POTS impedance models

Zps. Impedance mode! of the inpuit filter of a particular xDSL
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ZonHi
ZOnHo
ZOnLI
Zr
ZRet
ZRefDSL
ZRHF
ZRing
Zg
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The input impedance of the splitter or filter at the ringing frequencies

Generic name of the load impedance, e.g. in the Figuresin Clause 5.4.6 on RL test set-up
Generic name of the POTS ON-hook impedance

I mpedance modelling POTS On-hook with High Impedance

Impedance modelling multiple parallel on-hook phones

Impedance modelling POTS On-hook with Low Impedance

European harmonized complex reference POTS impedance

Generic name of Reference POTS impedance in RL formulain Clause 5.4.5

Nominal Reference Design Impedance of XDSL (Zrgpg. = Rpg)

Complex POTS impedance, extending Z, to higher frequencies, see TR 102 139 [i.1]
Impedance modelling the load represented by ringer circuits

Impedance Z Short Loop, modelling a short line terminated on 600 Q

Abbreviations

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

AC
ADSL
ADSL1

NOTE:
ADSL2
NOTE:

Alternating Current
Asymmetric Digital Subscriber Line
Asymmetric Digital Subscriber Line 1

ADSL limited to 1,1 MHz; specified in ITU Recommendation G.992.1 [i.9].
Asymmetric Digital Subscriber Line 2
Revised in ITU-T Recommendation G.992.3 [i.10].

ADSL 2plus ADSL2 "Plus’

NOTE:

CLI
CLIP
CMRR
CO
CM
CRC
DC
DS
DSL
DTMF
DUT
em.f.
F.F.S.
FSK
HPF
IL
ISDN
IMD
ITU
LE
N.A.
NTP
POTS
PSD
PSTN
RL
RMS
SDSL
SLIC

ADSL extended to 2,2 MHz; specified in ITU-T Recommendation G.992.5 [i.11].

Calling Line Identification

Calling Line Identification Presentation
Common Mode Rejection Ratio

Central Office (= Local Exchange= LE)
Common mode

Cycle Redundancy Check

Direct Current

Downstream, i.e. LE to TE side

Digital Subscriber Line

Dual Tone Multi-Frequency

Device Under Test

Electro-Magnetic Force

For Further Study

Frequency Shift Keying

High Pass Filter

Insertion Loss

Integrated Services Digital Network
Inter Modulation Distortion
International Telecommunication Union
Local Exchange (= Central Office = CO)
Not Applicable

Network Termination Point

Plain Old Telephone Service (used throughout instead of PSTN)
Power Spectral Density

Public Switched Telephone Network (replaced throughout the text by POTS)
Return Loss

Root Mean Square

Symmetric DSL

Subscriber Line Interface Circuit
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TE Termina Equipment (e.g. Telephone, Fax, voice band modem etc.)
THD Total Harmonic Distortion

UaE Unbalance about Earth

us Upstream, i.e. TE to LE side

Uso Upstream "0" band, the lowest VDSL upstream band

NOTE: Specified in ITU-T Recommendations [i.12] and [i.13].

VDSL Very high speed Digital Subscriber Line
VDSL1 Very high speed Digital Subscriber Line 1

NOTE: Specified in ITU-T Recommendation G.993.1[i.12].
VDSL2 Very high speed Digital Subscriber Line 2
NOTE: Specified in ITU-T Recommendation G.993.2 [i.13].
xDSL ADSL or VDSL

NOTE: Thisabbreviation standsfor ADSL or VDSL and its use thisway is strictly limited to the present group of
documents; e.g. HDSL, SDSL and SHDSL are not covered.

4 General functional description of xDSL over POTS
distributed filters

A tutorial on the transmission and separation of POTS and xDSL signalsisin Annex I.

The main purpose of the xDSL over POTS distributed filter is to separate or combine the transmission of POTS signals
and xDSL signals, enabling the simultaneous transmission of both services on the same twisted pair. The distributed
filter also serves to protect POTS terminal equipment from interference due to ingress from xDSL signals. Equally it
protects the xDSL transmission from transients generated primarily during POTS signalling (dialling, ringing, ring trip,
etc.), and it must also prevent interference to the xXDSL service due to fluctuations in impedance and linearity that occur
when telephones change operational state (e.g. from off-hook to on-hook).

Information on various implementations of xDSL over POTS splitters and filtersisgivenin TR 101 728 [i.2]. Insertion
of adistributed filter in existing POTS lines shall only have alow impact on the performance of the POTS service.

The differences between a distributed filter and a central splitter (the latter being specified in TS 101 952-1 [11]) are
defined more by the location and the performance of the filter rather than the function. Central splitters are designed to
be located at a central position, at the demarcation point of the customer premise, and provide separation of POTS and
XDSL signals at a single location. Distributed filters on the other hand are placed in series with each piece of POTS
terminal equipment (or in series with a few pieces only). Thus distributed filters are two port devices, asseenin
Figure 1 (central splitters have three ports). Hence, when voice grade equipment is protected by distributed filtersthe
XDSL signals are delivered over the entire customer premise wiring. Multiple filters are only used at the customer's
premises, as shown in Figure 1, in which there isa single central splitter at the CO side of the line.

NOTE: On the quality and performance of distributed filters. The quality of the POTS and the xXDSL services may
be negatively affected by the number of distributed filtersinstalled. The extent of this effect is expected to
be proportional to the number of distributed filtersinstalled. See also clause C.1.

Furthermore, the distributed filters are intended to be a convenient solution that can be installed by the
user. The performance of both the POTS and xDSL services is often reduced by using distributed filters
instead of a central splitter. The central splitter almost always ensures a higher input impedance for the
xDSL frequency band at the line port than the distributed filtersin parallel. Moreover, in the xDSL band
the central splitter isolates the in-house wiring from the external line and the xDSL system and will almost
certainly reduce electromagnetic interference.

It isrecognized that dynamic distributed filters can give improved performance over static filters. Additional
requirements for dynamic filters will be covered in TS 101 952-4 [i.14]. The TR-127 [i.15] of the Broadband forum will
provide additional methodology to test the functionality of the dynamic filters. A tutorial text on TR-127 [i.15] isgiven
in the informative Annex H.

ETSI



14 ETSITS 101 952-3 V1.1.1 (2012-02)

4.1 Functional diagram

The functional diagram for distributed filtersis givenin Figure 1. The filters specified by the present document are
intended to be connected only in series with the POTS TE. Operation is not specified for serial stacking (i.e. connecting
one distributed filter in series with another distributed filter). The stacking of distributed filtersis not recommended.

TESIDE|[—°
) FILTER o
X Line
- -
O~ LESIDE TESIDE|[ —°
POTS | spLiTTER | LINE LINE| g)LTER | POTS
port port ports ports
. DSL e
POTS linecard port J TE SIDE
at the LE or
at a Cabinet FILTER | o
xDSL O O
LE-side port POTS Terminal Equipment
Local Exchange side xDSL transceiver at a TE-side
i.e. at a Central Office Local Exchange or xDSL transceiver at the ~ Terminal Equipment side,
or a Cabinet Remote xDSL Terminal customer premises i.e. at Customer Premises

NOTE: For a Local Exchange xDSL deployment, the length "X" in this Figure will typically be far less than 1 km.
For a remote xDSL terminal deployment, the length "X" can be up to several kilometres.

Figure 1. Functional diagram of the DSL splitter configuration with distributed filters

The transfer function between the POTS port and LINE port (and vice-versa) of each TE sidefilter in Figure 1 isthat of
alow passfilter, as shown in Figure 2. The LINE port and the xDSL port coincide for a distributed filter, i.e. thereis no
optional highpass asis alowed for POTS central splitters, or no mandatory DC blocking capacitors, asis the case for
ISDN splitters, or universal splitters, as explained in TS 101 952-1 [11] and TS 101 952-2 [12].

POTS © Low O LINE port and
port o Pass o xDSL port

DISTRIBUTED FILTER

Figure 2: Structure of the xDSL distributed filter

4.2 High pass filter

For central splitters for xDSL over POTS an optional series high passfilter can be located in the splitter unit. Similarly
ISDN splitters contain a high passfilter.

Thisis not the case for distributed filters, which never contain a high pass function. For distributed filters the xDSL
transceiver contains the DC blocking function and an additional high pass functionality.

5 Circuit definitions, testing conditions and methods

5.1 DC and ringing testing conditions
51.1 Polarity independence

The distributed filter shall conform to all the applicable requirements of the present document for both polarities of the
DC line feeding voltage and for both directions of the DC line current provided by the local exchange.
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5.1.2 DC feeding conditions (on-hook/off-hook)

The electrical requirements in the present document can be classified as follows (see a'so under definitions):
. On-hook requirements, when all POTS terminals are in the on-hook state.
e Off-hook requirements, when at least one POTS terminal isin the off-hook state.

. Transitional requirements, when one POT S terminal isin the transition from the on-hook to the off-hook state
or vice versa.

On-hook voice band electrical requirements shall be met with a DC feeding voltage of 50 V, and using the (voice band)
impedance model Zqy, in ahigh impedance Z,, and low impedance Z,, | variant as given in Clauses 5.2.4 and 5.2.5

of the present document.

On-hook requirements are tested with a DC load of several MQ and a negligible current. However, it should be noted
that in certain networks there may be on-hook signalling requiring a DC loop current in the range of 0,4 mA to 2,5 mA
flowing through the distributed filter. In this case the AC impedance model Z,, | is used to terminate the LINE and

POTS port of the distributed filter at voice frequencies.
Off-hook electrical requirements shall be met with a DC current of 13 mA to 80 mA.

NOTE 1: It isrecognized that in some networks DC feeding currentsin steady state up to 100 mA or higher can
occur. Similarly there are networks in which the maximum DC feeding current islimited, e.g. by the
SLIC. This might allow designs adapted to these specific conditions.

NOTE 2: Thetransitiona requirements were F.F.S. (for further study), but tests for transitional requirements are
now specified in Clause 6.13. However, this clause is optional. The TR-127 [i.15] of the Broadband
forum provides the methodology to test this aspect of distributed filters. A tutorial text on TR-127 [i.15]
isgiven in the informative Annex H.

5.1.3 DC feeding and loading bridges

To inject a DC voltage and control the DC current separately from the AC impedances, a feeding circuit is used at the
LE side and aloading (or holding) circuit at the TE side. These circuits, which we will call bridges throughout the text,
have an equivalent electrical circuit as shown in the Figures 3 and 4. For balance Cl=C2and L1 =L2.

i

N Aci ||
5] port;
: ||
Voiceband signals and |

impedances connected |
at the AC port | DC port

o, Connected to
the LINE port
of the distributed
filter (TE side)

Ve (tunable)

RFEEDIZ (tunable) RFEEDIZ (tunable)

Figure 3: Feeding Bridge (connected to the LINE port of the distributed filter)
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(Loading Bridge
Connected to .
the POTS port
of the distributed
filter (TE side) °

|
I
|
| | Voiceband signals and
| | impedances connected
{ at the AC port

_ Y

RLoap (tunable if necessary)
Figure 4. Loading Bridge (connected to the POTS port of the distributed filter)

NOTE 1: It isnecessary to combine these feeding and loading bridges with the distributed filter test circuit
diagrams of Clauses 5.4, 5.5, 5.6 and 5.7. How thisis done, is one aspect of the documents[i.3] and [i.5],
which were aready mentioned in note 2 in the Foreword. However, to clarify the combination of feeding
and loading bridges with the diagrams of Clause 5.4, a few examples are al'so shown in Annex G.

NOTE 2: The properties of the feeding and loading bridges should be sufficiently good, to prevent that
measurements of distributed filter properties are affected by these bridges. E.g. in note 2 of Clause 5.5.3 it
is stated that their balance isimportant. Balance can be improved by using transformers. Testing above
1 MHz is not expected to be feasible with the same bridges, which are used for the POT S frequency
range. Further information on building bridges particularly for higher frequenciesis contained in Annex J.

5.1.4 Ringing signal voltage

NOTE: For consistency the ringing test signals and the DC voltages superimposed to the 25 Hz to 50 Hz ringing
should be defined in this clause. However, for historical reasons the Clause 6.3 on ringing itself contains
this particular information. Therefore, the levels of both the AC ringing and the associated DC are not
defined here.

5.2 AC Terminating impedances

The impedances Z ¢ in this clause are intended for AC only. The DC feeding conditions of the line shall be controlled
separately, e.g. by inserting the appropriate DC feeding and loading bridges, as explained in Clause 5.1.3.

521 ZrefDSL and ZDSL

In many of the tests the LINE port (coinciding with the xDSL port) of the distributed filter is terminated with
impedances called Zp4pg and Zpg . Zrgpg isthe nominal design impedance of the DSL system and Zpg isan

impedance model representing the input impedance of the xDSL transceiver (which implements a HPF). To simplify the
measurements above 1 MHz, the source or load termination with Zg may be replaced by Zp4pg , Which isresistive,

see Clause A.1.

Both these substitute circuits, Zg4pg and Zpg are models, which shall be applied to a POTS distributed filter when

verifying certain requirements. These models are intended for splitter or distributed filters specification in the context of
the present document. The purpose of these model impedancesis for distributed filter specification; they are not a
requirement on the input impedance of the xDSL transceiver.

Depending on the type of XDSL involved, different values of Zp4png and Zpg are applicable. They are described in
Clause A.1.
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5.2.2 Zr and Zg,, off-hook impedances

For most requirements relating to voice band frequencies described in the present document, either the terminating
impedances Z or Zg, are used to terminate the POTS port or the LINE port. Zy, is the European harmonized complex

impedance as defined in ES 201 970 [6] and ES 203 021-3 [3] and isshown in Figure 5; Zg is an impedance used in
TBR 038 [1] to simulate a Short Line terminated in 600 Q and is shown in Figure 6.

15(|)|nF
I

270 Q 750 O

Figure 5: Impedance Zg

68I InF
[l
820Q 600 Q

Figure 6: Impedance Zg

NOTE: Inthe case of filters to be deployed in some networks, alternative models of reference impedances instead
of Zg may be used when testing according to the distributed filter requirements in the present document.

5.2.3 Zrur, XDSL band impedance

For requirements relating to xDSL frequencies described in the present document, the terminating impedance Zgis

used to terminate POTS and LINE ports of the distributed filter. Thisis the European harmonized complex impedance
Z with the modification for High Frequencies proposed in TR 102 139 [i.1]. This network is shown in Figure 7.

47I InF 15(|)|nF

A AAN AN ——
120 Q 150 Q 750 Q

Figure 7: Impedance Zgye

For frequencies above 1 MHz it is known that it is difficult to source or to load the line with the Zg,,z impedance,

particularly when equipment with a built-in 50 Q impedance is used. In those cases a simple balun will load the line
with an Ohmic impedance, rather than with the exact Zg,,.. To simplify the measurements at higher frequencies, the

source or load termination with Zg, - above 1 MHz may be replaced by the relevant resistive part, i.e. a 120 Q resistor.

5.24 Zonni, ON-hook high impedance

For some on-hook requirements as defined in Clause 5.1.2 in the present document, the terminating impedanceis
assumed to have a high impedance value and Z,y, is used. "OnHI" stands for On-hook High I mpedance.

Actual impedances will vary greatly especially over the xDSL frequency range and thus the impedance model adopted

hereisjust intended for the verification of distributed filters. It is not intended to be an equivalent circuit for aPOTS
TE. The Zg,y, impedance is shown in Figure 8.
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2,2”nF
I
68 Q 10 kQ

Figure 8: Impedance model Zg,

5.25 ZonL, ON-hook low impedance

For some on-hook requirements, as defined in Clause 5.1.2 in the present document, the terminating impedanceis
assumed to be alow AC impedance in the voice band and Z,, | isused. "OnLI" stands for On-hook L ow I mpedance.

The impedance specified in ES 200 778-1 [8] for the reception of Display Services depends on the modulation used
(FSK, DTMF) and on the AC termination impedance option adopted by the TE manufacturer. Its expected modulus can
range, depending from the frequency, between 1 kQ and 2,4 kQ for the low Ohmic case. However, for the purposes of
the verification of distributed filters in the present document, alower and more conservative Z, | impedance

termination has been preferred for the verification of filters performances, by adopting a 600 Q resistive value.

5.2.6 ZonHo, IMpedance on-hook

For some off-hook requirements N parallel distributed filter are tested. One filter is terminated with an off-hook model
(e.9. Z or Zg ) attached to its POTS port, but in the presence of N-1 additional filters, in parallel and each terminated

with an on-hook telephone model. The usage of the Z,,,; was proposed for this, but it was shown that Zy, is
inappropriate, due to its low impedance, which isaworst case situation.

Therefore, to model terminal equipment in the on-hook state, in parallel with asingle model of POTS equipment in the
off-hook state, the terminating POTS impedance Z ., could be used, which is more high-Ohmic, shown in Figure 9.

. [ .
I AAVAY .
1uF  50kQ

Figure 9: Impedance Zg,,

NOTE 1: The 1 pF capacitor is present for blocking the DC battery voltage on theline. It is specified here, because
N-1Zg,1 impedances are needed in certain setups, and each of them needs to be DC decoupled. The

usage of individual loading bridges for each instance of the Z,.,, impedance would not be feasible.

NOTE 2: The correct use of the Z5,,, to model on-hook impedancesis not trivial at all. To correctly measure IL

(see severa clauses under Clause 5.4), the test set-up becomes quite complicated. Therefore, it was
decided that the on-hook impedance attached to the N-1 filtersin parallel with the main DUT could be
replaced by infinity, i.e. the devicesin paralel with the DUT are left open at the POTS port, and that the
optional use of afinite Z5, would be documented in the informative Annex L.

52.7 Ziing, load impedance for ringing

For some on-hook requirementsin the presence of ringing signals, as defined in Clause 6.3 in the present document, the
terminating POTS impedance Z; ng is used, modelling the terminal equipment on-hook. This impedance represents the

minimum ringing load of the customer's premises equipment that any network is assumed to be able to support. The

Ziing impedance is dependent on the ringing frequency. The circuits are shown in Figure 10.
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Zusore |
1uF  2,7kQ

s ]|
22pF  2,7kQ

Figure 10: Impedances ZRing for 25 Hz and 50 Hz ringing

5.2.8 Zveter, IMpedance of the metering device

To model the metering device tuned to 12 kHz or 16 kHz, which counts the metering impul ses during off-hook state of
the telephone Zy; ¢ is used. 200 Q is used for both the LE and the TE side, i.e. at the LINE port and at POTS port of
thefilter DUT.

5.3 Absence of a high pass filter

A distributed filter never includes a high pass filter in series between the line port of the filter and the xDSL port or the
input port of the xDSL transceiver. This means that the LINE port and the xDSL port coincide for a distributed filter.

Thisisin contrast with the POTS central splitters and the ISDN or universal splitters. For POTS central splitters an
optional highpassis allowed, as explained in TS 101 952-1 [11]. For ISDN splitters or universal splitters, a mandatory
set of two DC blocking capacitors are required, as explained in TS 101 952-2 [12].

Thislargely smplifiesthe testing: at the LINE/XDSL port only a single xDSL impedance model is needed.

54 General transmission test setup

A tutorial on the "Optimal Transmission of POTS and xDSL Signals and their Separation” isin informative Annex |.
For the transmission related tests specified in the present document, the following general test set-ups apply.

Besides the device under test N-1 additional parallel filters are used in the test setups. The minimum number of parallel
filters that can be connected, for which the electrical requirements of the present document are fulfilled, depends on the
filter class. The maximum number of parallel filters could be specified by the manufacturer.

Insertion Loss(IL):

To measure the propagation of certain signals with little loss or with some desirable strong attenuation from one port of
the distributed filter to another port of the filter the measurement of the insertion loss (IL) is used in most cases.

Return Loss (RL):

Another important property of the distributed filter in the POTS band is the Return Loss (RL) at its POTS and LINE
ports. This property indicates the way the impedance of the telephone line or equipment at one port is altered when the
filter isinserted, when that impedance is measured at another port of the distributed filter. A high RL will result in less
echoes being generated in the tel ephone network.

NOTE 1: All parts of the TS 101 952 contain asimilar clause, with tutorial information about the set-up of the
transmission tests. They differ in essential points, so careful reading of this clause is required.

NOTE 2: It isnecessary that acentral splitter or distributed filter fulfils certain requirements with and without
xDSL load Zpg connected to the XDSL port, e.g. the IL, RL in the POTS band is measured this way.

However, other requirements are only measured in the presence of Zpg , .9. the IL inthe DSL band. The
presence or absence of Z,q isdiscussed in the clauses below and it is aways mentioned in the
requirement clauses in Clause 6.
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NOTE 3: Inthe past, the RL measurement in the absence of the xDSL transceiver was not considered mandatory,
because when the xDSL serviceis no longer delivered at the customer's premises, the customer could
easily remove the filters as well. However, filters of superior quality should have good (or at least
adequate) RL also in the absence of the xDSL transceivers.

NOTE 4: When N microfilters are tested in parallel for the off-hook condition, one filter DUT isloaded with the
off-hook impedance, while the |oads of the other DUTs are kept in the on-hook condition. Previoudly it
was considered to load these N-1 filters with Z .. As this complicates the test set-ups, an open circuit
is used to model the on-hook load at the POTS port of the N-1 parallel filters. Thisisstill considered to be
an acceptable way to assessthe IL, the RL and other filter properties.

5.4.1 General definition of the Insertion Loss (IL) measurement

One of the transmission propertiesisthe Insertion Loss (IL). For measuring IL theratio is calculated between a voltage
at the position of the Device Under Test (DUT) output, when the deviceis present and when it is absent. This means
that we have to indicate the reference case (absence of the DUT). IL can indicate that a central splitter or distributed
filter attenuates a signal very little, e.g. between the LINE and the POTS port in the POTS band. IL can also indicate
that a central splitter or distributed filter attempts to isolate, e.g. by attenuating the signals in both directions between
the POTS port and the xDSL port or the LINE port, in the xDSL band.

NOTE 1: It should be noted that for passive distributed filters the Insertion Loss (IL) isidentical irrespective of the
direction in which the IL is measured. This isthe reciprocity theorem, which states that source and load
can beinterchanged for IL measurements. So in principle only one of the IL measurementsis needed or if
both measurements are performed, the results should be identical within the precision limits of the test.

NOTE 2: The source and the load impedances used in the L measurements do not have to be identical, although
this might be the case in many instances of the IL measurementsin the present document.

NOTE 3: Measuring IL at higher frequencies requires care in the selection of the testing material, e.g. the
BALUNSs. Particularly care has to be taken regarding resonance effects between the central splitter or
distributed filter and the baluns, which can influence the results at high attenuation values. It was noted
that this influence could be dependent on the impedance of the POTS port of the distributed filter in the
xDSL band, which is undefined.

5.4.2 POTS signal loss: IL between LINE port and POTS port

To measure the loss effect on the POTS signal s resulting from the insertion of the distributed filter in the POTS path,
theinsertion loss (IL) is measured between the LINE port and the POTS port. Note that for measuring the insertion loss
of adistributed filter, the measurement is done for 1 to N filters with and without impedance Zq at the LINE port.

For measurements of the Insertion Loss (IL) between the LINE port and the POTS port, the two possible test set-ups are
givenin Figures 11 and 12, which will give identical result as explained in note 1 in Clause 5.4.1. These IL
measurements are done with the switch Sy open and closed, i.e. with and without the xXDSL impedance Zpg present.

The IL is measured over the relevant POTS frequencies, such as the voice band and the metering frequencies.
Thetest setupsin Figures 11 and 12 contain N distributed filter devicesin total.

To measure the effect of the DUT filter #1 alone, the switch Spp is kept open. To account for the effect caused by the

N-1 additional distributed filters, these N-1 filters can be connected together with the distributed filter #1, whichis
under test, by closing the switch Sppg. For simplicity (see note 2 in Clause 5.2.6 and Note 4 under Clause 5.4), the

parallel filters are left open at their POTS port.
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Figure 11: General test set up for transmission and IL testing from LINE port to POTS port
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Figure 12: General test set up for transmission and IL testing from POTS port to LINE port

NOTE:

The IL measurement with the switch S closed will not represent the IL of the distributed filter alone,

but will include the loading effect of the Z g, impedance on the POTS signals. This means that part of
the IL measured with the switch Spq closed is caused by the xDSL equipment. In Annex D the IL of the
Zpg, i€ theextraintrinsic IL caused by the xDSL equipment is explained. This means that for

measurements in the POTS band the IL isincreased adversely by the xXDSL equipment. A similar effect
existsfor the RL (see notein Clause 5.4.5), as explained in the same Annex D.

5.4.3

xDSL signal isolation: IL between LINE and POTS port

To measure the isolation caused by the distributed filter in the xXDSL band, the loss effect resulting from the filter
insertion must be assessed. The isolation is measured as the IL between the LINE port and the POTS port, which can be
mesasured in both directions. Either test set-up of Clause 5.4.2 can be used, with identical results. In this case the switch
SpgL isaways kept closed, because measuring the xDSL signal isolation in the absence of the xDSL transceiver is

meaningless. The measurements are done over the relevant xDSL frequency ranges, i.e. the xDSL pass band and the

transition band.

NOTE 1: Asalso mentioned in TS 101 952-1 [11], the additional measurement between the POTS port and the
xDSL port is not done for POTS splitters. For distributed filters this additional measurement is not done

either.

NOTE 2: Identically to Clause 5.4.2 the Zg, is not present during the reference measurement. Therefore, the IL of
the distributed filter(s) isincreased by the additional loss caused by Zpg . Also see Annex D.

ETSI



22 ETSI TS 101 952-3 V1.1.1 (2012-02)

544 xDSL signal loss: IL between LINE port and xDSL port

A final transmission test is needed to measure the attenuation effect of input impedance of the distributed filter on the
xDSL signals, which for acentral splitter transit from the LINE to the XDSL port, or vice versa. For a distributed filter,
the LINE port and the xDSL port coincide and the "loading effect" at the LINE port of the low pass filter must be
assessed.

These transmission tests require asignal to be generated and measured at the LINE port. These tests will prove that this
low pass filter does not affect the xDSL signals unnecessarily, i.e. does not attenuate, distort or add noise.

The two equivalent set-ups of the IL at the LINE port are shown in Figures 13 and 14. (The reference case has al low
pass filters and their load impedance at the POTS port removed. Thisis equivalent to opening all switches S).

Zsource/2

(xDSL port)

Reference case: all S; open
'a> | Distributed

:S1 LINE | POTS
. 21 Filter #1 DUT -
port ! port Z, oap

o'~>———1 Distributed

' | pATa Open circuit
) lSZ LF:’:E Filter #2 DUT ':P)oo':lt-srn?::ir(lalti:r:';ltj)ln-hook

Vsource

Zsourcel2

e o o
m Distributed |~ ~Gpen circuit
L o~~~ |Filter #N DUT |__=_*~ modeling on-hook
' port port

Figure 13: Test set-up for Insertion Loss LINE port to xDSL port

The signal direction can be from the LINE impedance to the xDSL port impedance Zpg (asin Figure 13) or inversed
from Zpg assource to aload modelling a LINE impedance (asin Figure 14), but for passive circuits this does not
change the measurement results (see note 1 in Clause 5.4.1).

(xDSL port)
Beference case: all S; open
m Distributed '
. \W Filter #1 DUT port

?7 Distributed — - open circuit
o o2 LINE | jor 9 puT |POTS  modeting on-hook

port port
e O o
m Distributed W"" circuit
L S~ — " |Filter #N DUT|" © "2  modeling on-hook
' port port

Figure 14: Test set-up for Insertion Loss to xDSL port to LINE port

Theload Z, opp at the POTS port of the first filter DUT in the Figures 13 and 14 shall be modelled as a short circuit, an
open circuit and some relevant POTS reference impedances such as Zgy,e. For simplicity, the other filters have an open
circuit at their POTS port.

NOTE 1. Loading the POTS port of the distributed filter with a short circuit, an open circuit and the nominal Zgye
impedance covers a sufficiently wide range of impedances to cover al practical load situations at this
port. The impedance changes at the POTS port can affect the xDSL, which could suffer CRC errors and
might even loose synchronization. This can be checked with the TR-127 [i.15] methodology as described
in the notein Clauses 6.11.2 and in 6.13. The whole TR-127 [i.15] based methodology is now stable.
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NOTE 2: Theinsertion loss could be measured with the addition of the complete xDSL impedance model. E.g. the
IL from LINE to xDSL port could be measured on the 100 Q impedance inthe Z; opp = Zpg , but this

would result in a more complicated set-up that e.g. can be found in TR 101 953-1-2 [i.4] and
TR 101 953-2-2 [i.6], with identical results. The relevant diagrams are added in the informative Annex E.

545 General definition of the Return Loss

The measurement of the Return Loss (RL) of a central splitter or distributed filter at a given port, indicates the way the
impedance of the telephone line or equipment connected at another port is changed due to the insertion of the central
splitter or distributed filter as measured at the given port.

Normally POTS equipment (connected at the LE or at the TE side) is constructed to match the reference line impedance
Z or 600 Q. When the POTS equipment at the LE and at the TE side are well matched, there will be little echoing of

the POTS signals. However, the insertion of the central splitters or distributed filters could alter the generation of the
echoes. Example: if the Zg impedance is connected at the LINE port, and if thisimpedance is seen at the POTS port

with little change, the echoes stay low. However, when the impedance Z, is connected to the LINE port and if then the
impedance seen at the POTS port differs largely from Zg, the telephone equipment at the POTS port will experience an
undesirable enhancement of the echoes and/or sidetone.

The generalized definition of RL contains a reference impedance Zg. The generic RL formula (below) compares the
input impedance Z, with Zg. The RL value will be higher, when Z, and Zg« are more similar.

| Zpe +Zin I)
|ZRef _ZIN |

NOTE: For centra splitters and distributed filters the RL is measured in the presence and absence (optional) of
the xDSL service. This means that the RL is measured for either the splitter or filter low pass section
alone or for the combination of the low pass section, the optional high pass and Zpg termination.

Therefore, the RL measurement with the switch Sy closed will include the effect of the Zpg
impedance on the return loss. This means that asignificant part of the RL measured with the switch Spq
closed can be caused by the xDSL equipment. In Annex D the effect of the Z5 onthe RL is shown, i.e.
theintrinsic RL degradation as caused by the XDSL equipment.

RL = 20-log(

5.4.6 Return Loss test set-up at LINE port and POTS port

The Return Loss (RL) measurements are normally limited to the POTS bands and are also limited to the LINE port and
the POTS port. For the xDSL signal stream thereis no need for RL to be measured. For POTS servicesthe RL is
measured in the presence and absence of the xDSL service, i.e. with Zpg connected (mandatory) and removed

(optional) by acting on the switch Syq .

For the purpose of measuring RL of central splitters or distributed filters, Z, 55p is used as Zg in the general formula
in Clause 5.4.5. In this way the "transparency” of the splitter or filter can be appreciated.

e
ZN

[
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Filter #1 DUT | POTS
port

CIVO'IZ

Distributed Open circuit

LINE | Filter #2 DUT | POTS modeling on-hook
port

Distributed Open circuit

Filter #N DUT |POTS modeling on-hook
port port

Figure 15: Test set up for Return Loss testing at the LINE port
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port
e o o
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Figure 16: Test set up for Return Loss testing at the POTS port
The Return Loss (RL) for central splitters and distributed filtersis defined in the following formula:

RL = 20. IOQ(M)

| LOAD _ZIN |

For a distributed filter we define the RL at the POTS port and at the LINE port, which are found by measuring the input
impedance Z;, as shown in the Figures 15 and 16.

. For the RL at the LINE port, we measure the Z;; according to Figure 15.
e  FortheRL at the POTS port, we measure the Z,, according to Figure 16.

For central splittersthe RL is measured in the presence and absence of the Zp g , i.e. with the Syg switchin Figures 15

and 16 closed and open, as specified in TS 101 952-1 [11]. However for distributed filters the RL shall only be
measured in the presence of Zg , i.e. with the switch Sy closed. The measurement of the RL in the absence of Zpg

isoptional.

The RL shall be measured for asingle distributed filter device, and for aset of N devices, i.e. with the Spp g switchin
Figures 15 and 16 open and closed.

The N-1 devicesin parallel with the device under test are left open at the POTS port.

For the practical realization of the RL measurements bridge-based circuit diagrams are included in Annex F.

55 Unbalance measurement

An additional property of a central splitter or distributed filter at its portsis the unbalance, by which common mode
signals are converted to differential signals, which can affect both the POTS and the xXDSL transmission.

In the POTS band the balance has to be good at both the POTS and the LINE port. In the xDSL band the balance has to
be such that minimal amounts of disturbing differential signal are found at the LINE port or the xDSL port.

55.1 General definition of Longitudinal Conversion Loss

One of the balance propertiesis the Longitudinal Conversion Loss (LCL). For measuring LCL a common mode signal
isinjected at one port, while the other ports are connected to appropriate differential and common mode impedances.

The LCL istheratio between the common mode voltage and the (undesirabl e resulting) differential voltage at the same
port.

Inthe POTS band the LCL hasto be good at both the POTS port and the LINE port. In the xDSL band the LCL hasto
be good mainly at the LINE port. Therefore, an LCL value at the POTS port in the xDSL band should be imposed, but it
can be limited to a smaller frequency range.
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55.2 General definition of Longitudinal Conversion Transfer Loss

A second balance property is the Longitudinal Conversion Transfer Loss (LCTL). For measuring LCTL acommon
mode signal isinjected at one port, while the other ports are connected to appropriate differential and common mode
impedances.

The LCTL isthe ratio between the common mode voltage injected at one port and the (undesirable) differential signal
resulting at another port.

In the xDSL band the LCTL is used to eval uate the extent that common mode noises entering via the POTS port are
transiting through the central splitter or distributed filter and converted into differential signals at the LINE port.

5.5.3 LCL and LCTL test set-up

The basic test set-up for measuring Unbalance about Earth (UaE) at the POTS port, with the termination at the LINE
port is shown in Figure 17. The xDSL port is terminated with a balanced Zr4ng impedance, defined in Clause 5.2.1.

In the case of measuring at the LINE port with the termination at the POTS port, the test set-up of Figure 18 is used,
which is derived from Figure 17 by reversing the POTS and LINE ports.

NOTE 1: For distributed filters there is no need to measure the balance from LINE port to xXDSL port, a
measurement that is needed only for central splitters.

For LCL the source (Up) and the measurement (U+,) point are always located at the same port. For LCTL the source
(Up) is at one port and the measurement point (U,) is at the termination port.

This requirement shall be met for both the on-hook and off-hook case. The DC feeding is as specified in Clause 5.1.2.

For measurements at frequencies above the voice band, for reasons of practical testing a 150 Q2 impedance should be
used in series with the longitudinal source (i.e. S; in Figures 17 and 18 should be open).

The unbalance about earth is cal culated by using the following equation. Use Uy, or U, for LCL and LCTL
respectively in Figure 17. In Figure 18 use U for LCL.

Unbalance= 20log,,|—2|  (dB)
T
40—{ R
LINE | Distributed| pOTS #
Filter DUT | port | UT

Figure 17: UaE; LCL or LCTL measurement test set-up POTS port to LINE port

All notes apply to Figures 17 and 18.

NOTE 2: The 150 Q models the longitudinal impedance of the line or of the POTS circuits.
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NOTE 3: The DC current feeding circuitry is not shown. Care should be taken that the feeding bridge is
implemented in such a way not to have any significant influence on the accuracy of the measurement.
Indeed, it is quite difficult to measure LCL and LCTL at high frequencies, in the presence of the feeding
and loading bridges of Clause 5.1.3. Indeed, practical implementation of such feeding and loading bridges
is known to affect the balance measurement. If necessary the measurements have to be made with
different bridges for different frequency ranges. Combining the DC feed with the LCL and LCTL test
diagrams is one aspect of the documents [i.3] and [i.5], which were aready mentioned in the Foreword in
note 2. Similar examples of adding the DC feeding circuitry are also shown in Annex G.

NOTE 4: If the effect of DC current is balanced by design (e.g. by the use of transformers) a waiver of the
measurement in the presence of DC current may be granted.

NOTE5: For resistances R an equivalent circuit according to ITU-T Recommendation O.9 [5] can be used.

NOTE 6: Asthe distributed filters have no earth terminal, the test should be performed with the filter placed on an
earthed metal plate of a sufficiently large size.

150 Q-+ R | — R |
Distributed| POTS
S, Filter DUT | port
o+{ R . R
EARTH
EARTH point

point 1

Figure 18: UaE; LCL measurement test set-up LINE port to POTS port

5.6 Noise measurement

The measurement of noisein the POTS and the xDSL band is only required for active/dynamic distributed filters.

5.6.1 Psophometric noise in the POTS Band

The methodol ogy for testing noise of active/dynamic filtersis F.F.S. and it isintroduced in the informative Annex K.

5.6.2 Noise in the xDSL Band

The methodol ogy for testing noise of active/dynamic filtersis F.F.S. and it isintroduced in the informative Annex K.

5.7 Common Mode Rejection Ratio measurement

For central splittersthe CMRR is defined. However, it is not very useful to include common mode rejecting devicein a
distributed filter, and therefore there is no need to introduce the measurement of the CMRR for distributed filters.

NOTE: Inthe case of acentra splitter a single common mode (CM) rejection deviceis used, e.g. a transformer,
which achieves the best possible balance. The CM rejection device is efficient in removing the common
mode noise that is picked up at the POTS wiring at the customer's premises. However, in a distributed
filter this extra CM device isincreasing the complexity substantially, because typically the number of
coils or transformersin the filter is lower than for a splitter. Moreover, this extra device would need to be
present in each distributed filter. Finally the amount of common mode noise picked up by a phone would
be limited, because the length of cable on which common mode noise can be induced into the cabling is
quite limited. Only the CM noise on the cable between phone and filter would be filtered by the CM
device. All CM noise picked up in the rest of the in-home network would not be filtered by the CM
device. This meansthat for distributed filtersit is of limited use to include a common mode rejecting
device: it would have little to reject, it would not reject the majority of the induced noise and it would be
complex, asit would be present N times, i.e. for each distributed filter. Therefore, CM devices are not
used in distributed filters, and there is no need to test their effect.
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6 Distributed filter requirements

6.1 Classification of distributed filters according to requirements

The electrical requirements for distributed filtersin the present document are classified into three categories. We will
discriminate basic filters, standard filters and enhanced filters based on selected requirement criteria.

In this clause a number of general requirements are imposed on all categories of filters, without discrimination. The
criteriafor discriminating the categories of distributed filters are:

1) POTSband performance, i.e. IL and RL at al ports, with and without Z,g for 1 or 2 devicesin parallel.

2) Extended parallel operation inthe POTS band when 3 or more filter devices are used in parallel.
3) RegectioninthexDSL band in terms of isolation and rejection, reduced when compared to central splitters.

4) Degradation of thexDSL transmission: xXDSL performance and quality drop compared to central splitters.

6.1.1 Justification of the classification

The classification isintroduced, because many Basic distributed filter s exist on the market with only a minimal
number of components, which are still adequate for use in high speed internet applications with only one or two POTS
terminals connected. Also the POTS quality for such basic filtersis often acceptable under these conditions. Typically a
basic filter has only two coils, which results in a simple second order filter. As soon as more than two filtersare put in
parallel the use of standard or enhanced filters (see below) might be needed, unless the user accepts a substantial drop of
the POTS and xDSL quality, as compared to what can be achieved with a central splitter as specified in

TS 101 952-1[11].

Standard distributed filters are required e.g. when the high IL of severa parallel filters degrades the POTS audio
quality or impedes the reception of CLIP signals, or e.g. when certain sensitive phones cannot handle the upstream
ADSL signal residue, which results in noise in the earpiece. Up to three standard filters can be connected in parallel
without impairing the POTS quality beyond unacceptable limits. These filters typically contain at least 4 coils, or two
transformers.

Enhanced filters, with typically up to 6 coils alow connecting up to 4 devices in paralel. However, due to the
complexity of the enhanced filters, many operators may allow the use of the basic or standard filters, suggesting the use
of enhanced filters only when particular deployment issues arise.

6.1.2 Basic filter requirements

Basic filters have "standard" performance for a single device and aminimal performance for 2 parallel devices,
considered adequate for most POTS usersin high speed internet xDSL applications. A basic filter has:

1) Adequate POTSperformance (IL, IL distortion and RL) for apair of filters.
2) Degraded paralléel operation inthe POTS band, when 3 or more parallel devices are used.
3) Basicregection of xXDSL signalsin the stop band, which could be inadequate for certain sensitive telephones.

4)  AcceptablexDSL degradation: For N > 1 a non-negligible but unavoidable effect on the xDSL transmission.

6.1.3  Standard filter requirements

Standard filters, which have the following improved properties, appreciated by more demanding users, or imposed by
operators requiring a better quality:

1) Improved POTS performance: IL and RL in the POTS band better than a basic filter.

2) Improved parallel operation: at least the performance of asingle basic filter, but for at least 3 parallel
devices.

ETSI



28 ETSI TS 101 952-3 V1.1.1 (2012-02)

3) Improved rejection of XDSL signals: substantially better rejection in stop and transition band.

4) Minor xDSL degradation: negligible effect on the DSL transmission.

6.1.4 Enhanced filter requirements

Enhanced filters, which have the following enhanced properties, typically can be used when particular deployment
issues arise:

1) Enhanced POTS performance: an audio quality closer to a central splitter.
2) Enhanced parallel operation: for at least 4 parallel devices.
3) Enhanced reection of xDSL signals: substantially better rejection in stop and transition band.

4) Minor xDSL degradation: negligible effect on the DSL transmission.

6.1.5  Option A and Option B as defined for central splitters

For central splitters requirements were divided in two categories, Option A and Option B, with requirements that are
identical with the exception of the clauses on POTS band return loss in the off-hook state and the off-hook isolation in
the xDSL band.

The original discrimination between Option A and Option B filtersis based on their usein networks with asingle
reference impedance and in networks with multiple impedances. The idea was that for a single reference impedance the
RL of a splitter in the POT S band can be tuned to be quite good, while optimising the RL of a splitter for multiple
impedances is not necessary or not feasible.

Option A filters: When the RL of the filters must be measured with multiple impedances, one has to accept that the RL
islower. This alows the bandwidth of the filter to be narrower, achieving a stronger IL in the xDSL band.

Option B filters. When the RL of the filtersis measured on a single impedance, then it makes sense to enhance the RL.
This requires the bandwidth of the filter to be wider, and the IL in the xDSL band must be relaxed somewhat.

Further information can be obtained in the Clause 6.1.7 and in the tutorials in Annex C and in clauses 6.1.1 and 6.1.2 of
TS 101 952-1[11].

6.1.6  Option A and Option B as used for distributed filters

NOTE: Asthe RL requirements of the Option A and Option B are well known and already used to specify the
requirements of distributed filters, we will keep this nomenclature.

Depending on the quality of the RL requirement we will discriminate between Option A and Option B, borrowing these
names from TS 101 952-1 [11], on central splitters. For distributed filters the two options A and B of the RL
requirements are still loosely coupled to theisolation in the xDSL band. Thisis explained in the Clause 6.1.7 and in
Annex C.

6.1.7 Correlation and trade-offs between filter requirements (for
information)

When filters are designed several correlations between the requirements must be observed. Therefore, trade-offs must
be made to achieve an acceptable complexity of the filters. The following correlations and trade-offs can be listed:

. POTS band requirements for filters (and splitters) are inversely linked with the IL in the xDSL band.
. POT S band requirements achieved by a single filter will degrade when multiple devices are put in parallel.

. Higher complexity is needed to achieve better POTS band and xXDSL band properties, particularly when large
numbers of parallel filter devices are installed, while attempting to keep the quality close to master splitters.

o Installing multiple parallel filters causes different RL effects at the POTS port and at the LINE port.
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. Thereis aso adifferent effect on the RL at POTS and LINE port when the xDSL transmitters are removed,
while the filters are kept in the installation, which might happen unintentionally, i.e. by mistake.

Particularly the issues of installing parallel devices were never clearly assessed in older documents. In the present
document there are requirements for testing parallel devices. In the previous version of the present document the
requirements were measured only for a single device. This causes discrepancies between devices according to the
previous version and the present version. In the present document it is attempted to achieve a good compromise
between the requirement in the POTS band, the xDSL band and the parallel operation. Older devices (i.e. according to
the previous version) might combine optimal RL in the POTS band with optimal IL in the xDSL band for asingle
device, but therefore they will suffer issues when parallel devices are deployed.

Theinformative Annex C contains examples of these trade-offs.

6.2 DC requirements

DC requirements are tested for a single distributed filter. There is no need to test thisin parallel operation.

6.2.1 DC Insulation resistance between A-wire and B-wire

The DC resistance R,,,g between the A-wire and B-wire at both the LINE and POTS port of the filter, when tested with
100 V DC, shall not be lessthan 5 MQ.

NOTE: Thisrequirement takes into account the minimum total DC Resistance between A and B wiresthat is
acceptable for TE complying with ES 203 021-3 [3]. It is recognized that the mgjority of passive splitters
or distributed filters will achieve DC Resistance between A and B wires of at least 20 MQ.

6.2.2 DC series resistance

The DC resistance R between the A-wire to the B-wire at the LINE port with the POTS port short circuited, or at the
POTS port with the LINE port short circuited shall be less than or equal to 50 Q.

This requirement shall be met for the feeding conditions described in Clause 5.1.2 for both on-hook and off-hook
conditions.

6.2.3 DC signalling

The POTS line typically may, according ES 201 970 [6], power the TE with a battery e.m.f. voltage from 38 V- to
78 Vpc. When the POTSterminal is off-hook, the voltage appearing across the filter ports will normally be lower
depending on the characteristics of the terminal and the feeding bridge and on the line length.

Thefilter shall not significantly affect any POTS DC signalling in such a manner that would prevent it from performing
itsintended function.

The following DC signalling methods are commonly used:
. register recall signalling (specified in ES 201 729 [9]);
. reversalsin polarity (commonly used in many networksto signal various eventsto the TE);

. loop disconnect dialling (specified in ES 201 187 [10]), although DTMF signalling is strongly preferred in
combination with xDSL;

. K-break referred to in ES 201 970 [6], clause 14.6;

e CLI and other enhanced signalling, according EN 300 659-1 [7]; and
. ES 200 778-1 [8] may also be associated to some special DC signals.
NOTE 1: Clause 14 of ES 201 970 [6] refersto these signalling methods.
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NOTE 2: Although there is no clear test method given to prove this, by design atypical passive and static filter with
sufficient bandwidth will not affect any of the POTS DC signalling methods above.

6.3 Ringing frequency requirements

The DC feeding current conditions of Clause 5.1.2 are not applicable to these requirements. The specific DC feeding
voltage conditions for ringing tests are specified in the Clauses 6.3.1 and 6.3.3.

These tests can be limited to a single distributed filter.

6.3.1 Ringing voltage drop at 25 Hz and 50 Hz
Ringing signals with frequencies of 25 Hz and 50 Hz shall be used. The other test conditions are listed in Table 1.

The maximum voltage drop at the load impedance due to the insertion of one filter is tested from LINE port to POTS
port, according to the test set-up of Figure 11 in Clause 5.4.2, with the switches S1 and S2 in position 2. It shall be not
more than Vg (abbreviation of Viging prqp), Which hasavalue of 2 Vg s This requirement shall be tested with the

switch Spg in Figure 11 closed.

The test can be limited to the transmission test of a single distributed filter. Adding additional parallel filter devices
would hardly affect the test result.

Table 1: Test conditions Voltage drop at 25 Hz and 50 Hz

Impedance of signal source 850 Q (resistive)
Impedance of the load Zjing (defined Clause 5.2.7)
Open voltage of the AC test signal source 35 Vgrus

Level of the DC feeding voltage 60 V DC

6.3.2 Znring IMpedance at 25 Hz and 50 Hz

The LINE port of asingle distributed filter shall have an impedance Z,;,, (When measured between the A-wire and the

B-wire) at 25 Hz greater than 40 kQ or at 50 Hz greater than 36 kQ if applicable. The test setup measure the input
impedance at the LINE port asin Figure 15 in Clause 5.4.6. The switches Sppg and Sy are left open. When testing at

the LINE port the POTS port shall be kept open circuited, i.e. Z, opp in Figure 15 isinfinite.

NOTE: A filter with an impedance of 40 kQ will typically draw only 1/10 of the current of a reference ringer load
of 4 kQ.

6.3.3 Total harmonic distortion at 25 Hz and 50 Hz

Thefilter shall be able to transfer the ringing signals to the AC-load without significant distortion. Thisis tested with
two sets of source and feeding voltages, asgivenin Table 2.

The test can be limited to the transmission test of a single distributed filter. The test shall be carried out at 25 Hz and
50 Hz. With those voltages applied, the total harmonic distortion (THDng) of the AC signal shall be less than 10 %.

The test setup applies signal at the line port of the filter as given in Figure 11 in Clause 5.4.2 with the switches S; and
S, inposition 2. This THD requirement is also needed to protect the xDSL transmission and therefore, it shall be met
with the switch Spq inFigure 11 closed. The switch SpaR isleft open.
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Table 2: Test conditions THD at 25 Hz and 50 Hz

Test 1 Test 2
Open voltage of the AC test signal source 100 Vgus 50 Vgus
Level of the DC feeding voltage 50V DC 78V DC
Frequency of the signal source 25 Hz and 50 Hz
Impedance of signal source 850 Q (resistive)
Impedance of the load, dependent of the ringing frequency Ziing (defined in Clause 5.2.7)

6.4 POTS pass band loss requirements (on-hook)

The measurement is an insertion loss according to Clause 5.4.2 between LINE port and POTS port, whichis
independent of the direction.

Thefirst filter DUT is terminated with the appropriate on-hook impedance at the POTS port (see further).

It is mandatory to do the measurement with the Spq switch open and closed, i.e. with Zq absent and present.

6.4.1 On-hook requirement for the case of high impedance termination

The ILpg oy Of thefilter in the range 200 Hz to 2,8 kHz shall be within the range -4 dB to +4 dB for the on-hook case
with high impedance termination. The on-hook DC feeding shall be as specified in Clause 5.1.2.

The test shall be executed with the combinations of source and load impedances as specified in Table 3.

Table 3: Impedances and test setup for the on-hook voltage gain test

Test setup reference Impedance of Impedance of the load
signal source at the POTS port: Z, oap
Clause 5.4.2 Zp, (defined in Clause 5.2.2) | Zg,, (defined in Clause 5.2.4)
NOTE: Level of the test signal = -4 dBV emf.

The test result shall be reported for 1 to N devices as specified in the Table 4, i.e. with the Sy, g switch open and closed,
and with the S switch closed, i.e. with Zpg present. The N-1 parallel filters are left open at their POTS port.

Table 4: Minimal number of parallel filters (N) in the test setup

Filter class N
Basic 2
Standard 3
Enhanced 4

6.4.2 On-hook requirement for the case of low impedance termination

The requirements of this clause are applicable to networks providing Display and Related Services, as specified in
ES 200 778-1 [8]. The DC feeding shall be as specified in Clause 5.1.2 for the on-hook case, i.e. from 0,4 mA to
2,5mA.

Both the source and load shall be set at Z, | defined in Clause 5.2.5.

The test result shall be measured for 1 filter only, i.e. with the Sy switch open, and with the Spg switch closed, i.e.
with Zhg present. The maximum IL of one distributed filter (Sppg open) in the frequency range 200 Hz to 2,8 kHz
shall be as specified in Table 5.
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Table 5: Maximum IL (ILyax0nH)

Filter class Frequency Range (ILpmaxonn) (= Max IL)
Basic quality <2,5dB
Standard quality 200 Hz to 2,8 kHz <2dB
Enhanced quality <2dB

The maximum variation of the IL (i.e. the difference between maximum and minimum IL value) of one distributed filter
(Spar Open) in the frequency range 200 Hz to 2,8 kHz shall be as specified in Table 6.

Table 6: Maximum IL variation (IL\/z3.0nn)

Filter class Frequency Range ILyaronH (5 Max IL - Min IL)
Basic quality <2,5dB
Standard quality 200 Hz to 2,8 kHz <2dB
Enhanced quality <2dB

6.5 POTS Pass band loss requirements (off-hook)

The measurement is an insertion loss according to Clause 5.4.2 between LINE port and POTS port, whichis
independent of the direction.

The level of thetest signal = -4 dBV emf. The off-hook DC feeding current is specified in Clause 5.1.2.

The test shall be executed with Z, (defined in Clause 5.2.2) as source and load impedance. Measuring with 600 Q as
source and load is no longer required.

The test result shall be reported with the Spa g switch open and closed, i.e. for asingle device and for the case with a

total of N devices, one as device under test and N-1 devices in parallel. The N-1 parallel filters are left open at their
POTS port.

It is mandatory to do the measurement with the Spq switch open and closed, i.e. with Zq absent and present.

NOTE: Passing thelL requirement with the Zpg absent is normally not an issue because Zpg will tend to
worsen the IL.

The maximum IL of distributed filtersin the frequency range 300 Hz to 4 kHz shall be as specified in Table 7.

Table 7: Maximum IL (ILyyaxoffH)

Number of devices in parallel
Filter class Frequency Range | N=1 N=2 N=3 N=4
. . n.s.
Basic quality <25dB | =3dB (see note) -
. 300 Hz to 4 kHz n.s.

Standard quality <2dB |=25dB <3dB (see note)
Enhanced quality <2dB [£2,25dB | <2,5dB <3dB
NOTE: n.s. Not specified — but results to be reported.

The maximum variation of the IL (i.e. the difference between maximum and minimum IL value) of distributed filtersin
the frequency range 300 Hz to 4 kHz shall be as specified in Table 8.
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Table 8: Maximum IL variation (Max IL - Min IL) (ILyrofH)

Number of devices in parallel
Filter class Frequency Range | N=1 N=2 N=3 N=4
. . n.s.
Basic quality £25dB | =3dB (see note) -
. 300 Hz to 4 kHz n.s.

Standard quality <2dB [=25dB =3dB (see note)
Enhanced quality <2dB [£2,25dB | <2,5dB <3dB
NOTE: n.s. Not specified — but results to be reported.

6.6 POTS Passband return loss requirements (off-hook)

Thereturnloss (RL) at both the POTS and LINE port of the filter shall be measured according to Clause 5.4.6, asin
Figures 15 and 16, i.e. at both ports.

At the LINE port the test result shall be reported with the Sy, g switch open and closed, i.e. for a single device and for

the case with atotal of N devices, one as device under test and N-1 devicesin parallel. The N-1 parallel filters are left
open at their POTS port.

Return loss testing is to be carried out under the off-hook DC feeding current of Clause 5.1.2.

Asshown in Figures 15 and 16 Z; 5 With appropriate values shall be connected, asindicated specifically in the
Clauses 6.6.1, 6.6.2 and 6.6.3.

It is mandatory to do the measurement with the Sy switch closed. Doing the test with the Zg absent is optional.

NOTE 1: Atthe LINE port it is more difficult to achieve agood RL when Zq isabsent. Indeed, particularly at the
LINE port of asplitter or distributed filter the RL isimproved by the presence of Z,g . However, at the
POTS port the RL typically improves in the absence of the Z g , i.e. when the Sg switch is opened.

NOTE 2: The RL requirementsin the following clauses are alinear interpolation in dB versus a log(frequency)
scale.

6.6.1 Return loss requirements at the POTS port

The RL at the POTS port is measured for asingle device only. For multiple parallel filters the RL degradation at the
POTS port will result in a side tone enhancement, which is only reported but not considered a strong regquirement.

For both option A and option B the requirements for filters at the POTS port are the same as for central splitters.
6.6.1.1 Return Loss at the POTS port for Option A
At the POTS port the RL Option A is measured for asingle filter only, as shown in Table 9 and Figure 19.

Table 9: Return loss requirements, Option A, at the POTS port for all filters

Number of parallel devices

Load & Source Impedance |Frequency N=1
Zg,, Zg (defined in Clause 5.2.2) | 300 Hz 12dB
(Note the use of Zg , but 3,4 kHz 12 dB

only for testing Option A 3,4 kHz 8 dB

at the POTS port) 4 kHz 8 dB
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A
12dB
At the POTS port RL is measured only for N =1
10dB T
8 dB
6dB T
4dB T . . . .
Distributed Filter Option A at POTS port
2dB T
0dB i } } >
300 Hz 500 Hz 1 kHz 2 kHz 3,4 4kHz log(f)

Figure 19: Minimum return loss templates at POTS Port for basic filters with Option A, N =1

6.6.1.2 Return Loss at the POTS port for Option B

At the POTS port the RL Option B is measured for a single filter only as shown in Table 10 and Figure 20.

Table 10: Return loss requirements, Option B, at the POTS port for all filters

Number of parallel devices
Load & Source Impedance |Frequency N=1
300 Hz 14 dB
7 500 Hz 18 dB
R 2 kHz 18 dB
3,4 kHz 14 dB
A
18 dB
At the POTS port RL is
16 dB T measured only for N=1
14dB T
12dB T
10dB +
8dB +
6dB + Distributed Filter Option B
at the POTS port
4dB 1
2dB +
0dB : >
300 Hz 500 Hz 1 kHz 2 kHz 3,4kHz log(f)

Figure 20: Minimum return loss templates at POTS Port for basic filters with Option B, N =1

6.6.2 Return Loss requirements at the LINE port Option A

The RL requirements for asingle filter at the LINE port are the same as at the POTS port (and also the same as for a
central splitter). However, when additional devices are added in parallel, some degradation of the RL isalowed. This
degradation is allowed to be worse for the basic filters compared to the standard and the enhanced filters.

6.6.2.1 Return Loss at the Line Port Option A for Basic Filters

The RL requirement at the LINE port for basic filtersis specified for N=1 and N=2 in Table 11 and Figure 21.
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Number of parallel devices
Load & Source Impedance |Frequency N=1 N=2
300 Hz 12dB 12dB
7 3,4 kHz 12 dB 8 dB
R 3,4 kHz 8 dB 8 dB
4 kHz 8 dB 6 dB
A =
12dB : N=1
10dB T+ N=2
8 dB
6 dB
4dB T . . .
Basic Filter Option A,N=1to 2
2dB + drop of 4 dB at 3,4 kHz for one extra filter
0dB t

300 Hz

500 Hz

1'kHz

2 kHz

34 4kHz log(f)

Figure 21: Minimum return loss templates at LINE Port for basic filters with Option A

6.6.2.2

Return Loss at the Line Port Option A for Standard Filters

The RL requirement at LINE port for standard quality filtersis specified for N = 1 to 3in Table 12 and Figure 22.

Table 12: Return loss requirements for standard quality filters, Option A, LINE port testing

Number of parallel devices
Load & Source Impedance |Frequency | N=1 N=2 N=3
300 Hz 12 dB 12 dB 12 dB
7z 3,4 kHz 12 dB 10 dB 8 dB
R 3,4 kHz 8 dB 8 dB 8 dB
4 kHz 8 dB 7 dB 6 dB
A =
12 dB N
N=2
10 dB
N=3
8 dB
6 dB
4dB + . .
Standard Filter Option A,N=1to 3
2dB + drop of 2 dB at 3,4 kHz for each extra filter
0dB

300 Hz

500 Hz

1
1 kHz

2 kHz

34 4kHz log(f)

Figure 22: Minimum return loss template at LINE Port for standard filters with Option A

6.6.2.3

Return Loss at the Line Port Option A for Enhanced Filters

The RL requirement at LINE port for enhanced quality filtersis specified for N = 1 to 4 in Table 13 and Figure 23.
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Table 13: Return loss requirements for enhanced quality filters, Option A, LINE port testing

Number of parallel devices

Load & Source Impedance |Frequency [IN=1 [N=2 [N=3 |[N=4
300 Hz 12dB [12dB [12dB |12 dB
3,4kHz |12dB [11dB [10dB | 9dB

Z
R 34kHz |8dB [8dB [8dB [ 8dB
4 kHz 8dB |7,5dB | 7dB |6,5dB
A N=1
12 dB N =2
10 dB N=3
8dB §
6 dB
4dB + ) !
Enhanced Filter Option A, N=1to 4
2dB + drop of 1 dB at 3,4 kHz for each extra filter
0dB } } t } >
300 Hz 500 Hz 1 kHz 2 kHz 3,4 4kHz log(f)

Figure 23: Minimum return loss template at LINE port for enhanced filters with Option A

6.6.3 Return Loss requirements at the LINE port Option B

6.6.3.1 Return Loss at the Line Port Option B for Basic Filters
The RL requirement at LINE port for basic filtersis specified for N = 1 and N = 2, asin Table 14 and Figure 24.

Table 14: Return loss requirements for basic quality filters, Option B, LINE port testing

Number of parallel devices
Load & Source Impedance |Frequency N=1 N=2
300 Hz 14 dB 14 dB
Zq 500 Hz 18 dB 18 dB
2 kHz 18 dB 14 dB
3,4 kHz 14 dB 10dB
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A
18 dB

16 dB

14 dB -

12 dB -

10 dB

8dB T+

Basic Filter Option B, N=1to 2
drop of 4 dB at 2 kHz and 3,4 kHz for one extra filter

6dB T

4dB T

2dB T

0dB

300 Hz 500 Hz 1'kHz 2 kHz 34kHz log(f)

Figure 24: Minimum return loss template at LINE port for Basic Filters with Option B

6.6.3.2 Return Loss at the Line Port Option B for Standard Filters

The RL requirement at LINE port for standard quality filtersis specified for N = 1to 3, asin Table 15 and Figure 25.

Table 15: Return loss requirements for standard quality filters, Option B, LINE port testing

Number of devices in parallel
Load & Source Impedance |Frequency | N=1 N=2 N=3
300 Hz 14 dB 14 dB 14 dB
7 500 Hz 18 dB 18 dB 18 dB
R 2 kHz 18dB | 16dB | 14dB
3,4 kHz 14 dB 12 dB 10 dB
A =
18 dB : N=1
N=2
16 dB
N=3
14 dB \ N=1
12 dB N=2
10 dB N=3
8dB T Standard Filter Option B,N=1to 3
6dB + drop of 2 dB at 2 kHz and 3,4 kHz for each extra filter
4dB T+
2dB T
0dB t >
300 Hz 500 Hz 1 kHz 2 kHz 3,4 kHz log(f)
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6.6.3.3 Return Loss at the Line Port Option B for Enhanced Filters
The RL requirement at LINE port for enhanced quality filtersis specified for N = 1to 4, asin Table 16 and Figure 26.

Table 16: Return loss requirements for enhanced quality filters, Option B, LINE port testing

Number of parallel devices

Load & Source Impedance |Frequency [N=1 [N=2 [N=3 [N=4

300Hz |14 dB (14 dB |14 dB |14 dB
500Hz |18 dB (18 dB |18 dB |18 dB

Z
R 2kHz |18dB |17 dB |16 dB |15 dB
3,4kHz |14 dB (13dB (12 dB |11 dB
A
18 dB
16 dB
14 dB oo SO N=1
N=2
12 dB N=3
10 dB
8dB T Enhanced Filter Option B, N=1 to 4
6dB + drop of 1 dB at 2 kHz and 3,4 kHz for each extra filter
4dB T
2dB +
0dB t | >
300 Hz 500 Hz 1 kHz 2kHz 3,4kHz  log(f)

Figure 26: Minimum return loss template at LINE port for Enhanced Filters with Option B

6.7 Requirements relating to metering pulses at 12 kHz or
16 kHz (optional)

ThelL,, 4, Measurement is an insertion loss according to Clause 5.4.2 between LINE port and POTS port, which is
independent of the direction.

In case pulse metering signals are deployed on the same lines as xDSL, the insertion loss due to the filter (IL,, ) shall

be measured at the frequency of the metering pulse. Due to the country specific nature of the rationale of this
requirement, the required IL,shall be operator specific. A maximum IL,, . requirement in the range of 3 dB to 5 dB

should be suitable for many European networks. The Zy; 4 impedance is defined in Clause 5.2.8.
NOTE 1. A minimum requirement for the IL,, ., is not specified.

The N-1 parallel filters are left open at their POTS port. The conditions of Table 17 shall be used. Thisrequirement is
valid only for the off-hook current condition, with the DC feeding as specified in Clause 5.1.2.

The test result shall be reported for 1 to N devices as specified in the Table 4 (see Clause 6.4.1), i.e. with the Spp
switch open and closed, and with the Syq switch closed, i.e. with Z,5 present.
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Table 17: Conditions for insertion loss test at 12 kHz or 16 kHz

Level of source Impedance Z,,4 Impedance Zpg,
voltage at the xDSL or LINE port
3,5 Vgyg €.m.f. Zyeterr Clause 5.2.8 (200 Q) | Zy e Clause 5.2.8 (200 Q) Zpg» Clause 5.2.1

Impedance Z_, ce

NOTE 2: This optional requirement can increase the complexity of the low pass filter implementation.

6.8 Unbalance about Earth

For distributed filters only the unbalance of the low pass part is assessed, and only a single filter shall be tested.

The basic test set-up for measuring Unbalance about Earth (UaE) at the POTS port is described in Clause 5.5, as shown

in Figures 17 and 18. The test shall be carried out for the conditions described in Table 18 and with switch S1 closed for
measurements in the voice band. This requirement is applicable for both the on-hook and the off-hook current condition
of the TE. The DC feeding is as specified in Clause 5.1.2.

Table 18: Unbalance about earth, test setups

Test set-up # Sou.rce.port to | Measurement Frequency range
termination port port
1: LCL, UaEpg Figure 17 | POTS (to LINE) POTS 50 Hz to 1,1 MHz
2: LCL, UaEpg Figure 18 LINE (to POTS) LINE 50 Hz to fy,,, (see note)
3: LCTL Figure 17 POTS (to LINE) LINE 50 Hz to fyy,, (see note)
NOTE:  fy,, is still F.F.S for some xDSL cases; in those cases the frequency range is 50 Hz
to f,,.

The xDSL port shall be terminated with a Zg«pg resistor for all unbalance tests described in the present document.
The value of Zrpg isdependent on the xDSL variant involved. Specific Zg4pg valuesaregivenin Table A.1in
Clause A.1.

For each of the test set-ups described above, the filter shall meet the unbalance about earth requirements specified in
Table 19. Thevalue of f , f,, and f,,,, in Table 19 is dependent on the xDSL variant involved. Specific frequency

valuesaregivenin TablesA.5 A.6 and A.7 in Clause A.2.

Table 19: Unbalance about earth, LCL, LCTL, minimum values

Frequency range State of S1 Value of R Minimum Unbalance value
50 Hz to 600 Hz Closed 300 Q UaEpg 240 dB
600 Hz to 3 400 Hz Closed 300 Q UaEpg 2 46 dB
3400 Hz to 4 000 Hz Closed 300 Q UaEpg 240 dB
4kHzto f, Open Zpeipsi/2 LCL, LCTL 2 40 dB
f tofy Open Zpeinst/? See Clauses A.3t0 A.5
fiy t0 fiax Open Zpeinst/? See Clauses A.3t0 A.5

Values of the unbalance in the xDSL band and above it are specified in the Tables A.8 to A.10in Clauses A.3to A.5 for
each xDSL variant.

6.9 xDSL band requirements

In the xDSL band the POT S noises and transients must be attenuated sufficiently to protect xDSL. Also the POTS
circuits must be protected against the strong xDSL signalsin the xDSL band and in the transition band, below the xDSL
band. Finally the xDSL signals should not be affected by the filter, when they transit from LINE port to xDSL port. The
general issues of this protection and separation are described in the informative Annex I.
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All IL requirementsin the xDSL band are measured according to Clauses 5.4.3 and 5.4.4.

NOTE: IL inon-hook and off-hook between POTS port and LINE port is always measured for a single distributed
filter, because adding additional filters will only enhance thisIL. Parallel distributed filters can affect the
XDSL transmission. However thisisassessed in Clause 6.9.4 on "xDSL signal loss: IL LINE port to
xDSL port" and in Clause 6.13 on Requirements related to POT S transient effects’.

6.9.1 XDSL band on-hook isolation between LINE and POTS port

Theisolation in the xDSL band on-hook is measured an insertion l0ss (IL pg o) @ccording to Clause 5.4.3, which is
independent of the direction.

The source impedance at the LINE side is Zgy,r. Thefilter DUT isterminated with the Z,, at the POTS port.

The on-hook DC feeding conditions are specified in Clause 5.1.2.

The test result shall be reported with the Spap switch open, i.e. for asingle device only. The switch Syg isaways
closed, because this type of isolation is only needed when DSL equipment is present.

Theleve of thetest signal =-6 dBV emf.

On-hook isolation (IL) for passive distributed filtersis not specified. The IL of asingle filter shall be measured and
reported inthe range f, tof,,.

NOTE: If apassive, static filter achieves the necessary off-hook requirements, thisis considered sufficient to
achieve also the necessary isolation in on-hook.

6.9.2 XDSL band off-hook isolation between LINE and POTS port

Theisolation in the xDSL band off-hook is measured an insertion loss (IL pgt) according to Clause 5.4.3, whichis
independent of the direction.

The source and load impedances at LINE and POTS port are both Zg, .

Thisrequirement is valid only for the off-hook current condition, with the DC feeding as specified in Clause 5.1.2.

The test result shall be reported with the Sy switch open, i.e. for asingle device only. The switch Syq isaways
closed, because this type of isolation is only needed when DSL equipment is present.

Theleve of thetest signal =-6 dBV emf.

6.9.2.1 XDSL band off-hook loss requirements for basic filters

Option A filters: IL pg s > 25 dB above 32 kHz and IL pg ¢t > 55 dB above 200 kHz till f,.
Option B filters: IL gy > 20 dB above 32 kHz and IL pg o > 50 dB above 200 kHz till f,,.

NOTE: For both options IL pgyy follows alinear interpolation in dB versus alog(frequency) scale in the range
32 kHz to 200 kHz.
6.9.2.2 XDSL band off-hook loss requirements for standard filters
Either of the following two alternative implementations can be chosen and stated by the manufacturer:

e  Alternative 1 (better protection of the downstream band): IL hg ¢ > 25 dB above 32 kHz and
ILpgoffH > 55 dB above 138 kHz till f,,. Linear interpolation in dB versus alog(frequency) scale in the
frequency range 32 kHz to 138 kHz.

. Alternative 2 (better protection of the upstream): ILpg sy > 30 dB above 32 kHz flat up to 200 kHz and
ILpgosiy >55 dB above 200 kHz till f,.
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6.9.2.3 xDSL band off-hook loss requirements for enhanced filters

Option A filters: ILppofsy > 45 dB above 32 kHz flat up to 138 kHz and IL pg ¢ > 55 dB above 138 kHz till f,.

Option B filters: ILpp gy > 35 dB above 32 kHz flat up to 200 kHz and IL g > 55 dB above 200 kHz till f,.

6.9.3  Transition band signal loss: IL between POTS port and LINE port
(optional)

The L5y Measurement is an insertion loss between 25 kHz and 30 kHz according to Clause 5.4.3 between LINE
port and POTS port, which is independent of the direction.

The measurement method, the off-hook DC feeding conditions, the number of parallél filters, the presence of Zg and
the source and load impedances are identical to Clause 6.9.2.

The requirement is optional and values are 25 dB at 25 kHz and 30 dB at 30 kHz.

NOTE: Theisolation in the transition band between 25 kHz and 30 kHz can affect the quality of the audio signal
particularly in certain sensitive phones at the TE side. Some xDSL transceivers transmit some energy in
this band. Although the Transmit PSD of these devicesis within the allowed template, the actual xDSL
residue signal leaking through the filter causes arelatively high signal in the range 25 kHz to 30 kHz to
be present at the POTS port. The non-linearity of some phones converts this residue into an audible noise
(e.g. by envelope detection). If the attenuation in the transition band is sufficient, no audible effects are
noticeable. Actual test have shown that there exists a threshold effect in these sensitive telephones. This
means that the required IL values might be country dependent, depending on the installed base of
telephone sets.

6.9.4  xDSL signal loss: IL between LINE port and xDSL port

The Attpg measurement is an insertion loss according to Clause 5.4.4 between LINE port and xDSL port, which is
independent of the direction.

The impedance at the LINE side is Zg,,r. At the XDSL port the impedance is Zpg .

The insertion loss requirements are to be met in the case where Z| o5 p @ the POTS port of Figure 13 or Figure 14 isa
short circuit, an open circuit, and the nominal Zg, - impedance defined in Clause 5.2.3. The DC feeding is as specified
inClause 5.1.2.

The requirements of Table 20 are to be met both for a single device and for the case with atotal of N parallel devices,

depending on the class of thefiltersasin Table 4 (see under Clause 6.4.1). As show, the N-1 paralld filters are
terminated with an open circuit at their POTS port.

Table 20: Insertion loss between LINE port and xDSL port for distributed filters

Insertion loss between
LINE and xDSL port
f_ kHz to 50 kHz -0,5 dB < Attpg <3 dB

50 kHz to f -0,5dB < Attpg <1dB

Frequency range

NOTE: Annex | contains a description (related to Attyg) how changing impedances at the POTS port may affect

the xDSL transmission. The present document recommends the use of TR-127 [i.15] of the Broadband
forum to address thisissue. See Annex H on TR-127 [i.15]. The whole TR-127 [i.15] based methodology
can be used to prove the effect of parallel distributed filters on xDSL. See also in Clause 6.13.

6.10 Noise

Noise measurements need only to be specified for active/dynamic filters. They are F.F.S. and they are introduced in
informative Annex K.
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6.10.1 POTS band audible noise level requirements

The psophometric noise power Npg is only measured for active/dynamic filters, as discussed in informative Annex K.

6.10.2 xDSL band noise level

The noise power Npg is only measured for active/dynamic filters, as discussed in informative Annex K.

6.11 Distortion

6.11.1 POTS band intermodulation distortion (optional)

The test set-up to measure POTS band intermodulation distortion (IMDpg) is given in Figure 11 with the switches S;
and S, in position 1 with only one distributed filter (DUT) connected (N = 1), i.e. Spag is open. This requirement shall
be met with the switch S in Figure 11 both open and closed. Both the source and load impedance used shall be
equivalent to Zg. This requirement shall be met for both the on-hook and off-hook conditions of the TE. The DC
feeding conditions are givenin Clause 5.1.2.

The test signal to be used is as according to I TU-T Recommendation O.42 [2].

Using the 4-tone method [2] at alevel of -9 dBV, the second and third order harmonic distortion products shall be at
least 57 dB and 60 dB, respectively below the received signal level.

The second and third order harmonics of the 4-tone signal are measured at POTS port.

NOTE 1: Inthe on-hook condition the POTS impedance at the LE side is Z, while at the TE side we have either
ZonH1 OF Zop - In order to simplify the test set-up, it is accepted that the intermodulation test in on-hook
is performed from a Zg, source to a Zg, load.

NOTE 2: A methodology for performing this IMD test in the presence of an xDSL signal isavailablein[i.3] and
[i.5]. It was thought that this represents a more redlistic scenario for IMD evaluation. However, thisis
doubtful. The TR-127 [i.15] based methodology presented in the Clause 6.11.2 is considered a more
recommendabl e approach to the test of splitter or distributed filter distortion in the presence of POTS and
xDSL signals.

NOTE 3: ThisPOTS band IMD test isrelatively difficult to perform, particularly in the presence of DC feeding
conditions. Thereis no proof that thistest is either necessary or sufficient. If acentral splitter or
distributed filter passes the TR-127 [i.15] tests this proves more about its intrinsic qualities than achieving
the IMDpg.

6.11.2 DSL band intermodulation distortion (optional)

For testing the xDSL distortion of a central splitter or distributed filter, the methodology devel oped by the Broadband
Forum (TR-127 [i.15]) is adopted. The TR-127 [i.15] is published by the Broadband Forum. The test is described in
informative Annex H.

NOTE: Asthe Broadband Forum methodology is now finalized and replicated with sufficient consistency, ETS
recommends TR-127 [i.15] to test IMDg in the xDSL band.

These optional tests (if required by the operator) will be based on stationary tests within TR-127 [i.15]. Thisrequires 5
testsin sections 8.2 to 8.6 plus the section 8.10 of the TR-127 [i.15] to be executed. The following ETSI proprietary
adaptations of the testing requirements are suggested: the line lengths specified in section 8.1.2 of TR-127 [i.15] for
ADSL will be augmented with one extra maximum length of 4,2 km.

The requirements for the tests 8.4 and 8.6 with central splitters or distributed filtersas DUT will be identical asin the
TR-127[i.15]. (The tests 8.2, 8.3, 8.5 are calibrations and baseline tests, with no DUT present.)

For the test in section 8.10 of TR-127 [i.15], the drop in capacity allowed for the maximal length is maximally 30 %.
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6.12  Group delay distortion

Theincrease of the group delay distortion resulting from the insertion of one filter shall be measured in the frequency
range 300 Hz to 4 kHz. The increase shall comply with the limits specified in Table 21.

Table 21: Group delay distortion, maximum values

Frequency range Maximum value

200 Hz to 600 Hz 250 ps

600 Hz to 3 200 Hz 200 ps
3200 Hz to 4 000 Hz 250 ps

Two tests shall be performed, which each shall useidentical signal source and load impedances. A first test is carried
out with impedances of 600 €2, a second test with Zz asimpedances. The level of the test signal is-10 dBV.

The set-up for measuring group delay distortion is given in Figure 11, and limited to a single filter, i.e. with the switch
Spar 0pen. This requirement shall be met with the switch S in Figure 11 both open and closed. The DC feeding

current is specified in Clause 5.1.2. This requirement shall be met for both the on-hook and off-hook current conditions.

NOTE: Intheon-hook condition the POTS impedance at the LE side is Z, while at the TE side we have either
ZonH1 OF Zop - Inorder to simplify the test set-up, it is accepted that the group delay test in on-hook is
performed from a Z, source to aZy, load.

6.13 Requirements related to POTS transient effects (optional)

A POTS transient test existed in previous versions of the present document, published as TS 101 952-1-5 [i.16] and
intended to test how the transient signals caused by POTS affect the xDSL system. Such atest is extremely useful.
However, the validity of the associated test method was unsatisfactory and therefore the old test method was removed
completely.

Recently a new approach to transient testing was published by in the Broadband Forum. The Broadband Forum
document Technical Requirement 127 (TR-127) [i.15] describes this methodology, which consists in testing the central
splitters or distributed filters on areal line, with two baseline xXDSL modems and with the injection of POTS LE signals
(POTSAC, POTSDC, ringing, ...) including POTS TE transients, such as off-hook and ring-trip.

Therefore, for all transitional tests of central splitters and distributed filters under POTS transients, it is recommended
that the TR-127 methodology be used.

These optional tests (if required by the operator) will be based on transitional tests within TR-127 [i.15]. This requires
calibration and baseline tests 8.2, 8.3 and 8.5, and DUT checks according to sections 8.7 to 8.9 of the TR-127 [i.15] to
be executed. (Testsin TR-127 [i.15] 8.4 and 8.6 are static tests, and their use is related to other splitter properties.)

NOTE: Thefollowing ETSI proprietary adaptations of the testing requirementsis still F.F.S.: in line with the
Clause 6.11.2 the line lengths specified in section 8.1.2 of TR-127 [i.15] for ADSL might be augmented
with one extra maximum length of 4,2 km.
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Annex A (normative):
Particular requirements for passive distributed filters

A.l  Zps. and Zgems, for specific xDSL over POTS
variants

In many of the tests, the xDSL port of the central splitter or the distributed filter is terminated with impedances called
Zpg. and Zpgpg - Their purposeis explained in Clause 5.2.1.

A.1.1 Generic definition of Zpgi, using Zgefpst, Cps. and Lps,

Zpg isanimpedance, connected as atermination at the xDSL port of the central splitter or distributed filter. This
impedance is a high passfilter (HPF). For xDSL over POTS, the different variants of Zp g, , asdefined in Clause 5.2.1,
are composed of Zpyng » Cpg » and Lpg , Which results in the equivalent circuit of Figure A.1. The values of the
elementsin Zpg arecompiledin Table A.1.

CosL
o I .

LosL RpsL =
CosL ZRefpsL

—

Figure A.1: Equivalent schematic of the Zpg HPF impedance model

Contrary with central splitter, for distributed splitters there is only one Zg variant, because, there is never a high pass
filter inside the distributed filter (see Figure 2).

Zpeps 1sthe design impedance of the xDSL transceivers of a specific xDSL variant, and is aresistor independent of
the used frequency range. In practice the Zpng ispurely resistive, and the symbol Rpg isused asits equivalent.

Lpg depends on the lower edge of the pass band of the xDSL, and matches also the Zrgng (= Rpg ) of the xDSL at
that lower edge.

The Cpg depends also on the pass band of the xDSL.

The impedance of Zg isthe same as the impedance seen at the LINE port towards the xDSL port for the POTS

central splitter, asexplained in part 1 of the present document, TS 101 952-1 [11]. In this way the total impedance of the
XDSL transceiver found at the LINE port has always the same value for aPOTS central splitter and for the distributed
filters.

NOTE: Some contributions studied the order of the Z g HPF impedance model. As alternative to the second

order variant (above), it was proposed to allow athird order filter. However, no consensus could be
reached on this. Therefore, only the second order Zpg isdefined and in use.

To simplify the measurements above 1 MHz, the source or load termination with Zpg can be replaced by

Zpepst = Rpgy, 1. thecoil Lpg and the capacitors Cpg are removed. If needed, DC blocking capacitors (with an
appropriate value) can still be included, to prevent DC current to flow in Ryg (= Zgepgl )- Thisis applicable when the
Rpg. would not sustain any DC current, or when the DC current should follow another desirable path in the test set-up.
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Impedance ADSL over ADSL2plus European European VDSL2 VDSL2
name POTS over POTS VDSL1 over VDSL1 over over POTS over POTS
(mandatory) (mandatory) |POTS starting |POTS starting | including the [notincluding
at 25 kHz at other USO band the USO band
frequencies from 25 kHz (see note)
(see note)

Zpetnst = RpsL 100 Q 100 Q 135Q 135Q 100 Q 100 Q
LpsL 0,470 mH 0,470 mH 0,634 mH not specified 0,470 mH F.F.S.
Cpst 54 nF 54 nF 40 nF not specified 54 nF F.F.S.

NOTE: There are VDSL1 and VDSL2 variants over POTS, with a lower frequency edge of the used frequency band

higher than 25 kHz. These VDSL transceivers might have a high pass with a higher cut-off frequency.

A.1.2 Zps for ADSL over POTS

For distributed filters the impedance model of Figure A.2 shall be used to terminate the xDSL port of the distributed
filter.

54 nF

470 pH 100 Q

54 nF

Figure A.2: Schematic diagram of the impedance Zpg, for ADSL over POTS

A.1.3 Zps for European VDSL1 over POTS, with USO starting at
25 kHz

For European VDSL 1 over POTS starting at 25 kHz the impedance model of Figure A.3 shall be used to terminate the
xDSL port of the distributed filter.

40 nF

634 pH 135Q

40 nF

Figure A.3: Schematic diagram of the impedance Zpg, for European VDSL1 over POTS,
starting at 25 kHz

A.1.4 Zpg for VDSL2 over POTS with USO

For thisVDSL 2 variant, the impedance models are identical to the ADSL over POTS impedance model in
Clause A.1.2.

NOTE: The harmonization of the Z,g for VDSL2 with ADSL and its variants was established in the ITU-T.
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A.2

A complete overview of all common reguirements for XDSL over POTSislisted in the Table A.2. Symbols are

Common requirements for passive distributed filters

explained in Clause 3.2. The specific frequency ranges for the individual XDSL types are compiled in additional Tables
AS5toA.7.

Table A.2: Dedicated requirements for distributed filters for xDSL system variants

Clause BAsic | STAN- | ENHAN-
Symbol Frequency Range Filters over POTS for xDSL DARD CED
number -
Number of parallel filters
6.2.1 Ratos DC > 5 MQ 1 1 1
6.2.2 Rpc DC <500 1 1 1
6.3.1 Vip 25 Hz and/or 50 Hz <2 VRpps (source e.m.f. 35 Vpys) 1 1 1
6.3.2 ZmRing 25 Hz and/or 50 Hz > 40 kQ (25 Hz); > 36 kHz (50 Hz) 1 1 1
6.3.3 THDg;ng 25 Hz and/or 50 Hz <10 % 1 1 1
6.4.1 ILpgonH 200 Hz to 2,8 kHz +4 dB 1t02 | 1t03 | 1to4
6.4.2 ILp1axonH 200 Hz to 2,8 kHz See clause or Table A.3 1 1 1
I ILy/aronH 200 Hz to 2,8 kHz See clause or Table A.3 1 1 1
ILp1axofiH 200 Hz to 4 kHz See clause or Table A.3 1to2 1to3 lto4
6.5
- L\ ar0ffH 200 Hz to 4 kHz See clause or Table A.3 1to2 1to3 lto4
RL 300 Hz to 4 kHz Opt A or .
PP
6.6.1 POTS port | 300 Hz to 3,4 kHz Opt B See clause or Table A.3 and Figure A.4 1 1 1
6.6.2 RL Option A:
- LINE port 300 Hz to 4 kHz .
- See clause or Table A.3 and Figure A.4| 1to2 1to3 lto4
6.6.3 RL p Option B:
o LINE port 300 Hz to 3,4 kHz
6.7 ILyeter 12 kHz and 16 kHz Optional (< 5 dB suggested) 1to2 1to3 lto4
50 Hz to 600 Hz >40dB
UaEpg 600 Hz to 3,4 kHz > 46 dB 1 1 1
6.8 3,4 kHz to 4 kHz > 40 dB
LCL Balance differs depending on the xDSL
LCTL DSL band variant, see Tables A.8 to A.10 . . 1
6.9.1 ILpgonH f tofy Not specified, only reported 1 1 1
6.9.2 ILogoin DSL band See clause or Table A.4 1 1 1
6.9.3 IL50fH 20 kHz to f; Optional; only in off-hook 1 1 1
At f_ to 50 kHz -0,5 dB < Attpg < 3 dB
694 DB 50 KHz to T, 20,5 dB < All,, < 1 dB ltoz | 1to3 | ltod
6.10.1 Npg 200 Hz to 4 kHz N.A. for passive filters 1 1 1
6.10.2 Npg fitofy N.A. for passive filters 1 1 1
6.11.1 IMDpg POTS band Optional; see requirement in the clause 1 1 1
6.11.2 IMDpg DSL band Optional; use of TR-127 of BB-Forum 1 1 1
200 Hz to 600 Hz <250 us
6.12 Group Delay 600 Hz to 3,2 kHz <200 us 1 1 1
3,2 kHz to 4 kHz < 250 us
6.3 | Transients | POTS and xDSL band Optionali use of TRIZ7[L1S1OT 1 1102 | 1103 | 1104

Table A.3 merges al POTS band requirements, for basic, standard and enhanced filters and for al values of N (1to 2
for basic filters, 1 to 3 for standard filters and 1 to 4 for enhanced filters).
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Table A.3: Overview of all POTS band requirements for all types of filters and N values.

POTS band BASIC STANDARD ENHANCED
On-Hook Insertion Loss High Impedance; see Clause 6.4.1
Frequency N=1 N=2 N=1 N=2 N=3 N=1 N=2 N=3 N=4
200Hzto2,8kHz |[+4dB |+4dB [(+4dB |+*4dB |+4dB (+4dB |+4dB [(+4dB | +4dB
On-Hook IL Low Impedance: Maximum IL & IL Variation; see Clause 6.4.2
Frequency N=1 [(N=2) | N=1 [(N=2) [(N=3) | N=1 |[(N=2) [(N=3) |(N=4)
200 Hzto 2,8 kHz | 2,5 dB N.A. 2dB N.A. N.A. 2dB N.A. N.A. N.A.
Off-Hook Insertion Loss: Maximum IL and IL Variation; see Clause 6.5
Frequency N=1 N=2 N=1 N=2 N=3 N=1 N=2 N=3 N=4
200 Hzto 4kHz | 2,5dB 3dB 2dB 2,5dB 3dB 2dB 2,25dB | 2,5dB 3dB
Return Loss Off-Hook at POTS Port Option A; see Clause 6.6.1.1
Frequency N=1 [(N=2) | N=1 |[(N=2) [(N=3) | N=1 [(N=2) |[(N=3) |(N=4)
300 Hz 12 dB N.A. 12 dB N.A. N.A. 12 dB N.A. N.A. N.A.
3,4 kHz 12 dB N.A. 12 dB N.A. N.A. 12 dB N.A. N.A. N.A.
3,4 kHz 8 dB N.A. 8 dB N.A. N.A. 8 dB N.A. N.A. N.A.
4 kHz 8 dB N.A. 8 dB N.A. N.A. 8 dB N.A. N.A. N.A.
Return Loss Off-Hook at POTS Port Option B; see Clause 6.6.1.2
Frequency N=1 [(N=2) | N=1 [(N=2) [(N=3) | N=1 |[(N=2) [(N=3) | (N=4)
300 Hz 14 dB N.A. 14 dB N.A. N.A. 14 dB N.A. N.A. N.A.
500 Hz 18 dB N.A. 18 dB N.A. N.A. 18 dB N.A. N.A. N.A.
2 kHz 18 dB N.A. 18 dB N.A. N.A. 18 dB N.A. N.A. N.A.
3,4 kHz 14 dB N.A. 14 dB N.A. N.A. 14 dB N.A. N.A. N.A.
Return Loss Off-Hook at LINE Port Option A; see Clause 6.6.2

Frequency N=1 N=2 N=1 N=2 N=3 N=1 N=2 N=3 N=4
300 Hz 12dB | 12dB 12 dB 12 dB 12dB | 12dB 12 dB 12 dB 12 dB
3,4 kHz 12 dB 8 dB 12 dB 10 dB 8 dB 12 dB 11 dB 10dB 9dB
3,4 kHz 8 dB 8 dB 8 dB 8 dB 8 dB 8 dB 8dB 8dB 8 dB

4 kHz 8 dB 6 dB 8 dB 7 dB 6 dB 8 dB 7,5dB 7 dB 6,5 dB

Return Loss Off-Hook at LINE Port Option B; see Clause 6.6.3

Frequency N=1 N=2 N=1 N=2 N=3 N=1 N=2 N=3 N=4
300 Hz 14dB | 14dB 14 dB 14 dB 14dB | 14dB 14 dB 14 dB 14 dB
500 Hz 18dB | 18dB 18 dB 18 dB 18dB | 18dB 18 dB 18 dB 18 dB

2 kHz 18dB | 14dB 18 dB 16 dB 14dB | 18dB 17 dB 16 dB 15dB
3,4 kHz 14dB | 10dB 14 dB 12 dB 10dB | 14dB 13 dB 12 dB 11 dB
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Figure A.4 merges al templates for Return Loss at the LINE port, both Option A and B, for basic, standard and
enhanced filtersand for al values of N (1 to 2 for basic filters, 1 to 3 for standard filters and 1 to 4 for enhanced filters).

18.a8 4 o~ _--_N.@--_'.".:_« Option B
L s .:. e N = 2= ‘\ (N=1)

16 dB < — _{N = \ (N=2)
| ::i ~‘~.~.= 2 \‘ <‘/N=3\J

14 dB + == ‘\\ N (N=4)
I O tion A N = ‘~s \ -

12 dB -_.E_--_-._.@._.?_-a g (N=1)
- Feeeee————N=2 X (N=2)

10dB + T — —_— ——x (N=3)
L -..---- .L\‘=3\ x\N=4>

8 dB TEsectemy

6 dB 1 All Filters Option A & B, various values of N ‘i
. BASIC: drop of 4 dB for one extra filter

4dB T STANDARD: drop of 2 dB for each extra filter

248 + ENHANCED: drop of 1 dB for each extra filter

0dB } -

300 Hz 500 Hz 1'kHz 2 kHz 3,4 4kHz log(f)

Figure A.4: All RL templates at LINE port for all filters types Option A & B, and all required N values

Table A.4: Overview of Insertion Loss in the xDSL band for all types of filters

BASIC 6.9.2.1 Option A Option B
Frequency 32 kHz 200 kHz 32 kHz 200 kHz
. 25 dB" 20 dB"
Insertion Loss xDSL band (See note 1) 55dB (See note 1) 50 dB

Alternative 2
(better protection of upstream)

Alternative 1

STANDIRD En2? (better protection of downstream)

Frequency 32 kHz 138 kHz 32 kHz 200 kHz
. 25 dB" 30 dB"
Insertion Loss xDSL band (See note 1) 55dB (See note 2) 55 dB
ENHANCED 6.9.2.3 Option A Option B
Frequency 32 kHz 138 kHz 32 kHz 200 kHz
F F
Insertion Loss xDSL band 45dB 55 dB S5.dB 55 dB

(See note 2)

= Linear interpolation to the next frequency.
F = Flat extension to the next frequency.

(See note 2)

NOTE 1: “
NOTE 2:

Table A.5: Dedicated frequency ranges for distributed filters for ADSL system variants

ADSL or ADSL2 over POTS:
Frequenc ITU-T Recommendation G.992.1 [i.9], ADSL2plus over POTS:
Sqmbol y Annex A or ITU-T Recommendation G.992.5 [i.11],
y ITU-T Recommendation G.992.3 [i.10], Annex A or M
Annex Aor M

fL 32 kHz 32 kHz

fu1 138 kHz 138 kHz

fy 1 104 kHz 2208 Hz

fiax 5 MHz 5 MHz
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Table A.6: Dedicated frequency ranges for distributed filters for VDSL1 system variants

Filters for VDSL1 over POTS Filters VDSL 1 over POTS for
Frequency | ITU-T Recommendation G.993.1[i.12] | ITU-T Recommendation G.993.1 [i.12]
Symbol with USO band without USO band
(i.e. starting at 25 kHz) or starting at 138 kHz or higher
fL 32 kHz Lowest used VDSL1 frequency
Highest of 138 kHz and
f
M1 138 kHz lowest used VDSL1 frequency
fy 12 MHz 12 MHz
fvax F.F.S. F.F.S.

Table A.7: Dedicated frequency ranges for distributed filters for VDSL2 system variants

Filters for VDSL2 over POTS Filters VDSL2 over POTS
Frequency | ITU-T Recommendation G.993.2 [i.13] | ITU-T Recommendation G.993.2 [i.13]
Symbol with USO band without USO band
type A or M (starting at 25 kHz) or starting at 138 kHz or higher
fL 32 kHz Lowest used VDSL2 frequency
Highest of 138 kHz and

f

M1 138 kHz lowest used VDSL2 frequency

fy 30 MHz 30 MHz
fiax F.F.S. F.F.S.

A.3  Specific requirements for passive filters for ADSL
over POTS variants

Specific requirements limited to passive filters for ADSL over POTS are listed in the Table A.8. Symbols are explained
in Clause 3.2. Frequency values dedicated to ADSL arein Table A.5.

Table A.8: Dedicated requirements for passive filters for ADSL over POTS variants
at both the LE and the TE side

Clause number Symbol Frequency Range Filters over POTS for
y quency kang ADSL, ADSL2 or ADSL2plus
Clause 6.8 LCL 4 kHz to f, >40dB
POTSport
low pass f_to 1,1 MHz > 40 dB
4 kHzto f, > 40 dB
Clause 6.8 LCTLporstoLINE f f
Llause b.o L tofy > 40 dB
low pass or LCLy \neport
fly 10 fpax >30dB

A.4  Specific requirements for passive filters for VDSL1
over POTS variants

Specific requirements limited to passive filters for VDSL1 over POTS arelisted in the Table A.9. Symbols are
explained in Clause 3.2. Frequency values dedicated to VDSL 1 arein Table A.6. Examples of VDSL1 over POTS
starting well above 32 kHz could be aVDSL at the cabinet, possibly in parallel with ADSL from the LE.
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Table A.9: Dedicated requirements for passive filters for VDSL1
over POTS variants

Clause number Symbol Frequency Range Filters for VDSL1 over POTS
y q y Rang for any f,
Clause 6.8 LCL 4 kHz to f, >40dB
low pass POTSport f_to 1,1 MHz > 40 dB
4KkHztof > 40 dB
Clause 6.8 LCTLporstoLINE -
=4t 0.9 f tofy, >40dB
low pass or LCL ngport
fiy 10 fax >30dB

A5

Specific requirements for passive filters for VDSL2

over POTS variants

Specific requirements limited to passive filters for VDSL2 over POTS arelisted in the Table A.10. Symbols are
explained in Clause 3.2. Frequency values dedicated to VDSL2 arein Table A.7.

Table A.10: Dedicated requirements for passive filters for VDSL2
over POTS variants

Filters for VDSL2 over POTS
Clause number Symbol Frequency Range
y a y 9 for any f,

Clause 6.8 LCL 4 kHz to f, >40dB
low pass POTSport f_to 1,1 MHz > 40 dB
4 kHz to . > 40 dB
LCTL f, to 2,2 MHz > 40 dB

Clause 6.8 POTStoLINE L
“low pass nass or 2,2t012 MHz > 40 dB

LCL iNEport 12 MHz to f, Drop 20 dB/decade from 40 dB at 12 MHz

fiy 10 fax >30dB
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Annex B (informative):
Evolution of the documents

This annex should explain the old organization of the splitter and filter documents. However, the general description
appearsonly in part 1 of the new documents. All other parts point to the informative Annex B in part 1. Thus refer to
TS 101 952-1 [11], which contains an Annex B with the same title and the necessary content.

Related to the present document the following additional infor mation is useful:

1)

2)

The earliest version of the present document, numbered according the older numbering scheme, as

TS101 952-1-5[i.16] (V1.1.1), was published in April 2003. However, it was virtually impossible to build a
distributed filter at reasonable complexity according to that version of document, because it imposed central
splitter quality on a distributed filter device as the only option. Therefore, arework of that document was
needed.

The subseguent version of the document was published in October 2006, also numbered according the ol der
scheme, as TS 101 952-1-5[i.17] (V1.2.1). This published version contains only a minimal set of tests. Indeed,
severe limitations can be noticed in thisVV1.2.1 version:

a)

b)

d)

The V.1.2.1 version does not impose a minimal requirement for the combined effect of multiple
distributed filters, except that the input impedance of the distributed filter is required to be larger than the
impedance of a 27 nF capacitor in the POTS band.

TheV1.2.1 version istesting a distributed filter, assuming in many instances that it is the only device at
the customer's premises. This means that some of the testsin the V1.2.1 version are imposed only on a
single distributed filter, and the detrimental effect of adding additional distributed filtersin paralel are
ignored, i.e. it is not imposed to measure it and/or to report it.

In other cases it seems that tests are imposed on a group of distributed filters, i.e. on asingle distributed
filter under tests, with N-1 other distributed filters of the same type in parallel, but in the on-hook mode.
However, if one checks the requirementsin the V1.2.1 version, one will notice that the requirements only
test the additional or incremental effect of asingle distributed filter as device under test, and ignore the
total effect of al filtersin parallel. Theincrementa effect of a single distributed filter seems acceptable,
but the cumulative effect, which can be unacceptably bad, is not reported. (See aso the tutorial in

Clause C.1.)

The previous version of the document also incorrectly ignored the effect of the Zg on the distributed
filter performance, arequirement which isimposed on all regular central splitters. The insertion |oss of
the distributed filter measured without the insertion loss of the input impedance of the ADSL modem
largely underestimates the actual effect of the complete DSL installation on the POTS signal.

Therefore, (as also stated in note 5 of the Foreword) we should warn operators and the users that the deployment of
multiple distributed filters that only fulfil the previous published requirement (TS 101 952-1-5 [i.16] (V1.2.1)) can (and
very likely will) result in degradation of the quality the phone signals and potentially of the DSL signals.
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Annex C (informative):
Correlation and trade-offs between filter requirements

The information in this annex is for information only, and does not constitute a requirement for distributed filters. The
examples are taken from potentially simplified simulations, to show certain issues. Actual designs cannot be required to
achieve the simplified and partial results shown in this annex.

TRADE-OFFS: Thisinformative annex contains a number of examples of how POTS band requirements and xDSL
band requirements of filters are correlating. Similarly thereis a quality drop when installing parallel distributed filters.
Furthermore, when afilter is build to have a strong rejection in the xDSL band, it often will have issues when parallel
filters are used.

There are several correlations between the requirements of distributed filters. These trade-offs are unavoidable to limit
the complexity of the filters. In Clause 6.1.7 the following list of trade-offs was introduced, which is expanded here:

. POTS band requirements for filters (and splitters) are inversely linked with the IL in the xDSL band.

- To improvethe IL and RL requirements for a single device in the POTS band (e.g. to achieve option B),
the IL in the xDSL band needs to be weaker, or the complexity should be higher. If the RL (i.e. in the
POT S band) has to be good (Option B) then the IL in the xDSL band often is not astight as when an
Option A isalowed in the POTS band, which can achieve a stronger xDSL band result.

. POT S band requirements achieved by a single filter will degrade when multiple devices are put in parallel.

- To minimize the quality lossesin the POTS band, i.e. IL and RL, when parallel devices are deployed, the
IL inthe xDSL band also needs to be weaker.

- Filters that are optimized as a single device with the best possible IL in the xDSL band, with no margin
for the RL and the IL in the POTS band, will suffer greatly in the POTS band when parallel devices are
deployed. This meansthat afilter can be very good on its own, with an option B RL and agood IL inthe
POT S band, and superb IL in the xDSL band. However, such filter has likely alarge input capacitance
and this will then reduce the quality in the POTS band substantially, when parallel filters are put in use.

. Higher complexity is needed to achieve better POTS band and xDSL band properties, particularly when large
numbers of parallel filter devices are installed, while attempting to keep a quality close to a master splitter.

- Keeping high quality RL (and IL) in the POTS band, even for 3 or 4 parallel devices, combined with a
strong rejection in the xDSL band will not be possible with abasic or a standard filter, but will likely
require enhanced quality filters, unless a substantial reduction of the IL in the xDSL band is alowed.

Besides trade-of fs between requirements in POTS and XxDSL band related to the use of parallel filters, thereisalso a
different effect on the RL at the POTS port and the LINE port of the filter:

. Installing multiple parallel filters causes different RL effects at the POTS port and at the LINE port.
Finally there are RL issues that differ between POTS and LINE port, when the xXDSL transmitters are removed:

e  Thereisalso adifferent effect on the RL at POTS and LINE port when the xDSL transmitters are removed,
while thefilters are kept in the installation.

- When the xDSL transmitters are removed, i.e. when the xXDSL service is uninstalled, sometimes the
filters are kept in the installation by mistake, which might happen unintentionally. This will affect the RL
in the POTS band, but often differently at POTS and LINE port.
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C.1  Detrimental effect of parallel distributed filters

At the LINE port the central splitter or a single distributed filter represents a capacitance in the POTS band. Each
additional distributed filter will increase that capacitance. The detrimental effect of the capacitance of asingle
distributed filter will affect the IL of the POTS transmission, always tending to degrade the IL measurement.
Furthermore, when multiple filters are put in parallel, the IL will tend to degrade even more.

For RL the insertion of the capacitance of a single distributed filter is not always causing degradation. Occasionally a
single distributed filter can slightly improve the RL at e.g. the LINE or the POTS port. Even a second filter might still
improve the RL over part of the POTS band or even the whole POTS band. However, ultimately multiple filters will
degrade the IL inthe POTS band at all ports of the filter over the whole band.

The following Figures are examples from simulations that show how IL and the RL degrade or change when one filter
is present and when more filters (identical) are put in parallel. The example is simulated with a* Standard Filter”, with 2
transformers or 4 coils. The filters used all have an input capacitance that is quite high, in fact too high to allow more
than two distributed filtersto be used in parallel. However, this causestheir IL in the DSL band to be superior (see
Figure C.4). Note also that the RL templates are the requirements for a single distributed filter.

Insertion Loss in POTS band, on Zr IL on Zr
0,5 N =1, Z-DSL absent

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Template Relative to IL

0 +
-0,5 N\

ILon Zr

N =1, Z-DSL present

Template Relative to IL
at 1kHz

15

N =2, Z-DSL present

-2,5 \ \ N = 3, Z-DSL present

-3
\ N = 4, Z-DSL present
-3,5
Freq. markers:
—+—— 100 Hz till 1 kHz,
1 kHz till 10 kHz

Log(Frequency)

Figure C.1: Effect of 1 to 4 distributed filters on the Insert Loss between LINE port ant POTS port
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Return Loss LINE Side on Zr (complex) ——RL LINE side, on Zr,
no Z-DSL, N=1

—— RL LINE side, on Zr,
with Z-DSL, N =1
———with Z-DSL, N =2
———with Z-DSL, N =3
~——with Z-DSL, N = 4
~——— Option A template
—— Option B template

Freq. markers:
100 Hz till 1 kHz,
10000 1 kHz till 10 kHz.

1000
Log(Frequency)

Figure C.2: Effect of 1 to 4 distributed filters on the Return Loss at the LINE port

Return Loss POTS Side on Zr (complex) ——RL POTS side, on Zr,

noZ-DSL, N=1

——RL POTS side, on Zr,
with Z-DSL, N =1

——with Z-DSL,N =2

———with Z-DSL,N =3

~——with Z-DSL,N = 4

~——— Option A template

~———Option B template
Freq. markers:

0 —+100 Hz till 1 kHz
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Figure C.3: Effect of 1 to 4 distributed filters on the Return Loss at the POTS port

Insertion Loss DSL band; terminated with Zrhf Template
Standard Filter,
Alternative 1
and

Alternative 2

— IL with Z-DSL
impedance

10000 Log Frequency 100000 1000000

Figure C.4: IL of a single filter in the xDSL band
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Note that the IL in the xDSL band will not be change significantly, when parallel devices are deployed, Thereforeit is
only measured or simulated for a single device.

C.2  Trade-off between properties in POTS band and
xDSL band

In this clause we show the trade-offs between POTS band and xDSL band performance. The filters shown are Enhanced
filters, first in option A and then in Option B. Note that these enhanced filters are rather complex devices. In fact this
clause also shows that the requirements of thistype of filters are feasible.

For each option A and B filter we show 4 elements:
1) thelL inthe POTS band,
2) theRL at POTS port,
3) theRL at the LINE port,
4) thelL inthexDSL band.

The results are shown for asingle filter when the xDSL is absent (ared line) and then in the presence of xDSL (i.e. with
Zpg athe LINE port), for 1, 2, 3 and finally 4 parallel filters (in blue lines of different shade).

We note that the IL in the POTS band for the option A case is within the requirements for the Option A filters, when 4
areinstalled. For the Option B filtersthe IL is much better (i.e. lesslosses). The RL can be kept within the Option (A or
B) for both types of filters. The RL at the LINE port stays OK, even for up to 4 parallel filters when Zg is present.

IL on Zr with Z-DSL
impedance present

5 Insertion Loss in POTS band, on Zr, with and without Z-DSL

— — 2 distributed filters
01 in parallel, Z-DSL
present
3 distributed filters
in parallel, Z-DSL
present

-0.5 1

4 distributed filters
in parallel, Z-DSL
present

IL on Zr with Z-DSL
impedance absent

-1.5 1

— — 2 distributed filters
in parallel, Z-DSL
absent
3 distributed filters
in parallel, Z-DSL
absent
4 distributed filters
in parallel, Z-DSL

100 Log(Frequency) 1000 1000 absent

-2.5

-3

Figure C.5: Enhanced Option A Filter; Insertion Loss in the POTS band for 1 to 4 filters

Remark on this Option A design: the IL in the POTS band is just within the requirements (3 dB for 4 filters).
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Return Loss POTS port on Zref Option A

45 / \ template

40 .
Option B
template

35

\\\ \ RL POTS side,
30 +— \ on Zr complex,
\\ \ no Z-DSL
25

‘\ RL POTS side,

on Zr complex,
20 A SN with Z-DSL
/ ‘ ) — — 2distributed

15 7 ‘ filters in parallel
10 3 distriubted

filters in parallel

5

4 distributed

0 filters in parallel

100 Log(Frequency) 1000

Figure C.6: Enhanced Option A Filter; Return Loss at the POTS port for 1 to 4 filters

Small remark on this Option A design: the RL at the POTS port drops below Option A for multiple devices, but thisis
not a requirement in the present document, because this is a sidetone enhancement and not an echo effect.

Return Loss LINE port on Zref RL LINE side, on

45
Zr complex, no
Z-DSL

40

RL LINE side, on

/ \ Zr complex,
35 with Z-DSL

\ \ — — 2distributed
30 o .

] < \ \ filters in parallel
~.
% S 3 distributed
= filters in parallel
20 N

4 distributed

15 7 filters in parallel
10 Option A
template
5
Option B
0 ! template
100 Log(Frequency) 1000

Figure C.7: Enhanced Option A Filter; Return Loss at the LINE port for 1 to 4 filters

Small remark on the Option A design: When Z g is absent for asinglefilter, the RL is below Option A for asingle
device. However, detailed analysis shows that RL will be above Option A for 2 to 4 devices when Zq is absent.
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Figure C.8: Enhanced Option A Filter; Insertion Loss in the xDSL band

Insertion Loss in POTS band, on Zr and 600 Ohm
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IL on Zr with Z-DSL
impedance absent

parallel, Z-DSL absent

3 distributed filters in
parallel, Z-DSL absent

4 distributed filters in
parallel, Z-DSL absent

Figure C.9: Enhanced Option B Filter; Insertion Loss POTS band for 1 to 4 filters

We notice that compared to Figure C.5, the IL in the POTS band is better for Option B than for Option A.
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RL POTS side,
on Zr complex,
w ith Z-DSL
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filters in parallel

3 distriubted
filters in parallel

4 distributed
filters in parallel

Figure C.10: Enhanced Option B Filter; Return Loss at the LINE port for 1 to 4 filters

Small remark on this Option B design: the RL at the POTS port drops below Option B for multiple devices, even
cutting the Option A template, but thisis not a requirement in the present document, because thisis a sidetone
enhancement and not an echo effect. The RL at the LINE port is superior and above the template with large margins.
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— — 2 distributed

filters in parallel

3 distributed
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4 distributed
filters in parallel

Option A
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Option B
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Figure C.11: Enhanced Option B Filter; Return Loss at the LINE port for 1 to 4 filters

Small remark on the Option B design: When Z,q is absent for asingle filter, the RL is below Option A for asingle
device. However, detailed analysis shows that RL will be above Option A for 2 to 4 devices when Zq is absent. Also
the 4 parallel devices cut the main template of the RL, but are above the reduced templates of Clause 6.6.3.3.
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Insertion Loss DSL band; terminated with Zrhf
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Figure C.12: Enhanced Option B Filter; IL in the xDSL band

We notice that compared to Figure C.8, the IL inthe xDSL band is better for Option A than for Option B.

Conclusions are simple: By achieving RL Option B, i.e. better than Option A, the IL in the POTS band is a so better for
Option B than for Option A filter(s), while the IL in the xDSL band is less good for Option B than for Option A filters.

C.3 Strong IL in the xDSL band affects POTS quality

When the design of a distributed filter is optimized for single use, based on the earlier version of the filter document,
then this can have severe issues on the parallel operation. Thisis already the case for the filter in Clause C.1. Thisfilter
is designed for optimal Option B operation when only a single deviceis present. It is superior interms of IL in the
XDSL band, whereit reachesan IL of 28 dB at 32 kHz and 58 dB at 138 kHz and 67 dB at 200 kHz, which was a strong
result for afilter with an Option B RL according to the previous version of the present document. Unfortunately this
filter with astrong IL in the xDSL band has severe issues in the POTS band, because RL and IL drop well below the
templates for 3 and 4 parallel devices.

C.4  Effects of parallel filters differ at POTS and LINE port

The effect of the parallel distributed filterson RL and IL in the POTS band is different at the POTS port and the LINE
port of the filters. Also the effect of removing the xDSL transceiver has different effects at both ports, as explained in
the Clause C.5.

The effect of adding extra parallel distributed filters will have different effects at POTS port and at LINE port.

1) Extraparald filterswill always worsen (increase) the IL in the POTS band. Note that IL isthe same from
POTS port to LINE port and reversed. This can be seenin Figures C.1, C.5and C.9.

2) Atthe POTS port extraparallel filterswill cause the RL to drop. This can be seen in Figures C.2, C.3 and
C.10. Typically, asingle filter will only marginally meet the RL requirement at the POTS port, for both Option
A and B. This meansthat for multiple filters the RL at the POTS port will drop below the template. Luckily at
the POTS port the RL causes only a sidetone enhancement and not an ECHO effect.
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3) AttheLINE port the RL can be kept sufficiently high and above the templates, even when paralléel filters are
installed. Sometimes for filters with relatively limited input capacitance in the POTS band, the RL even
improves slightly, when afew filters are in parallel. However ultimately, when a sufficiently large number of
filters are installed, the RL will drop below the templates (Option A or B). This can be seen in Figures C.3, C.7
and C.11.

C.5 The effects of absence of the xXDSL impedance Zps,

When a set of distributed filters are installed, they are used normally in the presence of the xDSL transceiver, of which
the input capacitance is the dominant factor in the POTS band. The RL is supposed to be OK at both LINE and POTS
port. When the xDSL transceiver is removed, the input capacitance of the xDSL transceiver is absent, which typically
caused the IL of thefilters to improve. However, the RL changes differently at the POTS and the LINE port.

The IL effect isshown in the Figures C.1, C.5 and C.9, where the red line is above the blue line for asingle filter. Also
for 2 to 4 filters, the IL will always be better in the absence of Zpg thanin the presence of Zpg, . Thisisshownin

Figures C.5 and C.9, which contains all cases of parallel filtersin the absence of Zg . Similar results will be seen when
adding the extra cases in the absence of Zpg to the Figure C.1.

However, for multiple filters the RL changes differently at the POTS and the LINE port when Zpg, is removed.

e AttheLINE port the removal of Zg (i.e. it isdominating input capacitance) causes the RL to drop. This can

be seeninthered linesin the Figures C.3, C.7 and C.11. Luckily, each additional filter will not always worsen
this situation, because adding parallel distributed filters is adding some capacity in parallel with thefilter,
which issimilar to bringing the Zg back to the installation, which restores the better situation with Zg .

e Atthe POTS port the removal of Znq (i.e. it isdominating input capacitance) causes the RL not to drop, and

sometimes even to improve. This can be seen in thered lines in the Figures C.2, C.6 and C.10. However, after
some improvement when adding a first extrafilter, the RL will then start to drop for each additional filter.
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Annex D (informative):
Intrinsic IL and RL caused by the Zpg, in the POTS band

TheIL in the POTS band is measured according to adiagram (see Figures 11 and 12) in which Zq isnot present in
the reference case. The fact that Zg isonly present when the IL of the central splitter or distributed filter is measured
causes additional signal losses introduced by the Zg . This extraloss due to the Zpg limitsthe IL loss caused by the
low pass, because the combined IL of both low pass and Zp should be within the allowed boundaries.

For the IL inthe DSL band the xDSL impedance Z,g is not present in the reference measurement. This means that the
IL is enhanced favourably by some extraloss caused by the Zg in the measurement with the DUT present.

A similar reasoning can be done for the RL. RL is measured for the combination of the splitter low pass or distributed
filter in the presence and absence of the xXDSL transceiver. However, it is clear that the Z,g onits own causesa

degradation of the RL, which limits the amount of additional RL the central splitter or distributed filter can cause.

Examples of theintrinsic IL and RL degradation caused by Zpg aregiveninthe Annex D of TS 101 952-1 [11].

The effect of Z,g on L isalso showninthe FiguresC.1, C.5and C.9in Annex C.
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Annex E (informative):

IL Measurement from LINE to XxDSL inside Zpg,

For the IL from LINE to xDSL port in theory the signal could be measured or generated inside the Z,g onthe Rpg

termination impedance. However, this does not change the measurement result. The related alternative test set-ups are
partially documented in this informative annex.

Zsourcel2

Zsource/2

port
m Distributed
) 22 Filter #2 DUT

(xDSL port) = -
Reference case: all S; open -
Vsource e Eem— B =
St LINE| oirouted [oors L =
. =4 _“"YE I Filter #1 DUT Bort

Open circuit
POTS modeling on-hook
port

port
e O o
ige | g | Distributed
2N '-r:’:ft Filter #N DUT

Open circuit
POTS modeling on-hook
port

Figure E.1: Test set-up for Insertion Loss from POTS port to xDSL port, measured at Rpg

. I
(xDSL port) | "
Reference case: all S; open
m Distributed POTS I
. S Filter #1 DUT
E port port ZpsL Vsource
ES Distributed Open circuit
< 1\. 2. LI;'(\)lrEt Filter #2 DUT i(c))r-:;-s modeling on-hook
E e o o
?7 Distributed ' open circuit
4;:\".% Filter #N DUT %«mnng on-hook

Figure E.2: Test set-up for Insertion Loss from xDSL port to POTS port, injected at Rpg

For additional Figures, please refer to Annex E of TS 101 952-1 [11]. Annex E of TS 101 952-1 [11] contains more the

relevant information on this subject.

The only extra elements to be added in this Annex E of [11] are the extra on-hook filtersin parallel with the main filter
DUT. Asdiscussed in note 4 in Clause 5.4, the filters in on-hook have to be left open at their POTS port.
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Annex F (informative):

Return Loss measurements: practical diagrams

To measure the input impedance of a distributed filter terminated with aload impedance and to cal culate the RL
according to the formula of Clause 5.4.6, the following practical diagram in Figure F.1 shows a bridge scheme with
which the RL at the LINE port can be calculated by measuring voltages instead. It is possible to balance this scheme,
but it is not absolutely necessary. Zgq jrcg 1S Zget iNthe formula of Clause 5.4.5. Z, |, is an auxiliary impedance.

For determining the RL of a distributed filter according to the formula defined in Clause 5.4.6, Zg jgcg in the Figures
F.1 and F.2 should be identical to Z| opp- Z| oap IS the impedance at the POTS port of thefilter DUT #1 in Figure F.1

and at the LINE port in Figure F.2.
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I port port
| » o o o
[ 2 L
! & s Distributed — open circuit
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>
| «| e fZ LINE | Fitter #1 puT | POTS
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| | 3 2
| T |G I S
| | | (xDSL DSL \
3 - port) /O—@

Figure F.1: Practical test set-up for Return Loss at the LINE port

A similar practical test set-up for Return Loss at the POTS port can be derived as shown in Figure F.2.
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Figure F.2: Practical test set-up for Return Loss at the POTS port
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This can be derived as follows:

Z +Z Z +Z
RL = 20xlog w = 20xlog |Zsource +Zin _
| &URCE_ZlN |ZSDURCE +Z|N —2>< ZlN

20X|Og[ [VSOURCE/lsoURCE| ) — 20X|Og( [VSOURCE| ) - ZOXIOQ[qumE/ZI)

N&DURCE/I SOURCE —2X ZIN [\/SDURCE _ZXV2| [VD|FF|
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Annex G (informative):
Insertion Loss measured with feeding and loading bridges

It is necessary to combine the measurements described in Clauses 5.4, 5.5, 5.6 and 5.7 with the DC conditions of
Clause 5.1. Thisrequires the combination of the circuits of the Figures 11 to 18 with the feeding and loading bridges of
Clause 5.1.3.

However, please refer to TS 101 952-1 [11]. Annex G of TS 101 952-1 [11] contains relevant information on this
subject.

The only extra elements to be added in the Annex G of TS 101 952-1 [11] are the extra on-hook filtersin parallel with
the main filter DUT. Therefore, we show two figures in which we add the extra filters with the on-hook filters.

The Figure G.1 shows the IL from LINE port to POTS port, when the (N-1) additional filtersin parallel have an open
circuit at their POTS port.

The Figure G.2 shows the same IL case, but the complicated and optional version when each additional filter is
connected to afinite on-hook impedance Z 1, as explained in Annex L.

Feeding Loading

Circuit Circuit

Reference case
CcourLe s 1 s CcoupLe
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Figure G.1: Test set-up using feeding bridges for IL of distributed filters from LINE port to POTS port
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Figure G.2: Same example of the use of feeding bridges but with finite on-hook impedance
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Annex H (informative):
Dynamic tests of distributed filters in the presence of xXDSL
transceivers

H.1

General Description of TR-127 of the Broadband
Forum

For the general description of TR-127 [i.15] (published as Technical Report by the broadband forum) please refer to
TS 101 952-1[11]. In Annex H of TS 101 952-1 [11] the case of POTS related dynamic tests are explained in detail.

H.2

Distributed filter tests in TR-127.

For the distributed filters additional tests are described in TR-127 [i.15]. TR-127 [i.15] includes the following:

1)

2)

3)

4)

5)

Static tests with one filter device in off-hook and other parallel filtersin on-hook, with aringer model attached
to the POTS port of each on-hook filter.

- This test checks how the presence of additional filters might reduce the achievable bitrate or the
performance in general, when a phone is off-hook.

Static tests with one filter under permanent ringing are extended to multiple parallel devices, with aringer
model attached to the POTS port of each filter.

- Thistest checks how the presence of additional filters might reduce the achievable bitrate due to ringing.
Dynamic tests with one DUT changing on-hook to off-hook with other parallel filtersin on-hook.

- This checksif the presence of additional devicesin on-hook might affect the performance of the DUT.
Dynamic tests with one filter under cadenced ringing, extended to multiple parallel devices.

- This test checks how the presence of additional filters might reduce the achievable bitrate or the
performance in general.

Dynamic tests with one DUT in ring-trip under cadenced ringing with other parallel filters in on-hook.

- This checksif the presence of additional devicesin on-hook might affect the performance of the DUT.
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Annex | (informative):
Optimal transmission of POTS and xDSL signals and their
separation

Thisannex isintended as a general tutorial describing how POTS and xDSL should be affected minimally by central
splitters or distributed filters and how the POTS and xDSL should be separated (or prevented from interworking) by the
splitters or filters.

Please refer to part one the present multipart document, TS 101 952-1 [11]. Annex | of part 1 contains a general tutorial
describing precisely these issues.
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Annex J (informative):
More on feeding and loading bridges

Please refer to Annex J of part one the present multipart document, TS 101 952-1 [11]. Annex J of part 1 contains the
relevant information on this subject.

ETSI



70 ETSITS 101 952-3 V1.1.1 (2012-02)

Annex K (informative):
Additional requirements for Active Filters (F.F.S.)

The present document is limited to passive and static dynamic filters as stated in the Introduction.

For active (and potentialy also dynamic) filters additional tests are required and they are F.F.S. However, the following
dedicated tests were already identified:

o DC resistance.
. Bidirectional IL tests might be needed.

. Noise tests (Clauses 5.6 and 6.10).

. Distortion (Clause 6.11).
e  Transtiona tests (Clause 6.13).

NOTE: Asstated in the Introduction, it is planned that this work on active and dynamic is done in part 4 [i.14] of
the series of splitter documents.

K.1 DC series resistance

For active filters the resistive drop (see Clause 6.2.2) should be atered to a voltage drop, which would be required for
active elements, used to improve other static properties, which are difficult to realise with passive filters.

K.2 Bidirectional IL tests

The IL tests of passive distributed filters can be limited to a single direction, as stated in note 1 of Clause 5.4.1.
However, for active distributed filters this no longer applies. Therefore, al IL measurements for active distributed filters
should be conducted in both directions. This applies to multiple clauses under clause 6. The details are F.F.S.

K.3 Noise measurements methods for active filters

Noise requirements were unnecessary for passive distributed filters. This does not hold for active distributed filters.
Clauses 5.6.1 and 5.6.2 should be provided and requirements should be stated for Clauses 6.10.1 and 6.10.2.

K.3.1 Psophometric noise in the POTS Band

The psophometric noise power (see Clauses 5.6.1 and 6.10.1), asdefined in ITU-T Recommendation O.41 [4], is
measured at the LINE port and the POTS port of a distributed filter. The psophometric level should be referenced to Z.

LINE port and POTS port should be terminated with Zg. The xDSL port should be terminated with the Z,g load as
defined in Clause 5.2.1.
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K.3.2 Noise in the xDSL Band

This clause relates to Clauses 5.6.2 and 6.10.2. It is still F.F.S., however, the noisein the xDSL band in active/dynamic
distributed filters could quite likely be measured indirectly with the TR-127 methodology, developed by the Broadband
Forum. The methodology of the TR-127 [i.15] test isintroduced and described in the informative Annex H. The
TR-127 [i.15] methodology allows detecting distortion and noises caused by a distributed filter device. Thisis done by
measuring the xDSL ratesin afew steps. First it is done without splitters or filters, then with baseline devices and
finally with a baseline device and a splitter or filter as DUT. If the noise would be too high, a drop of bitrate and/or of
margin will be observed, which can be attributed to the DUT.

K.4  On-hook loss requirements for dynamic or active
filters

TheIL of asingle dynamic or active filter, which is expected to be standard or enhanced quality, could be assessed
according to Table K.1.

Table K.1: On-hook loss, minimum values (values to be confirmed)

Frequency range Minimum value
32 kHz to 350 kHz 18 dB
350 kHz to fy 55 dB

K.5 Noise requirements for active filters

The noise requirements of Clause K.3.1 should be met only for the off-hook condition of the TE. The noise
requirements of Clause K.3.2 should be met for both the on-hook and off-hook condition. The DC feeding conditions
aregivenin Clause 5.1.2.

K.5.1 POTS band audible noise level

The psophometric noise power NPB (see Clause 6.10.1) should be measured according to Clause K.3.1 at the LINE port
and the POTS port of afilter. The values are F.F.S.

K.5.2 xDSL band noise level

For activefilters the xDSL band noise (see Clause 6.10.2) istested, by observing an adequate XDSL operation with the
methodology of the TR-127 of the Broadband Forum, as introduced in informative Annex H.

The requirements can be stated as an allowed margin and/or bitrate reduction. The values are F.F.S.

K.6 Distortion

This clauserelatesto Clause 6.11 and is F.F.S.

K.7 Transitional tests

This clause relates to Clause 6.13 and is F.F.S. The dynamic and active filters might alter their topology or impedance,
which might affect the xDSL transmission due to induced errors. Likely the TR-127 [i.15] methodology, developed by
the Broadband Forum will be used. The methodology of the TR-127 [i.15] test is introduced and described in the
informative Annex H.
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Annex L (informative):
Amending the IL measurements for finite Zonno

In Clauses 5.4.2 and 5.4.3 the IL is measured with 1 to N distributed filtersin the test set-up. To simplify these tests the
N-1 filtersin the on-hook state are kept open at their POTS port. This was decided because too many cases of
measurements were encountered, in which the reference cases were done incorrectly, when the on-hook impedance was
not infinite. However, one could insist to measure the IL when aZg,, that is not infinity is attached to the on-hook

filters. However, then the diagramsin clause 5 are not correct, and they need to be amended as shown (for information)
in this clause.

The simplified IL measurement between LINE port and POTS port is shown in the Figures 11 and 12, which are
reduplicated below in Figures L.1 and L.2. The additional filters 2 to N are |eft open at their POTS port.

Reference Case

Zsourcel2

. Distributed
~l2 LINE POTS 2.
bort| Filter #1DUT |- =8
Vsource

0 z
Sns'—-TL

Distributed |p~Tg Open circuit
LINE Filter #2 DUT m mzZI;I‘i::;:l:n-hook

Zsource/2

port port

Distributed |pATe Open circuit
LINE Filter #N DUT m mzZI;I‘i::;:l:n-hook

port port

Figure L.1: Test set up for IL testing from LINE port to POTS port (= Figure 11)

Reference Case

Distributed pATc ! .-
LINE POTS2.-
port Filter #1 DUT [ __. °!

o Z
Sr. P

A Distributed WTS Open circuit

Filter #2 DUT modeling on-hook

port port

Distributed |[pATc Open circuit
LINE Filter #N DUT m m'tJ)ZTaI(i:rI\';l:n-hook

port port

Figure L.2: Test set up for IL testing from POTS port to LINE port (£ Figure 12)

If afinite Zg,, isattached to the POTS port of thefilters2to N, then it isimportant that extra switchesare
added in the reference case. If ameasurement is done with afinite Zo ., the figure As show, the N-1 paralld filters
are terminated with an open circuit at their POTS port. L.1 and Figure L.2 (asin clause 5) are not correct.

If the tests are done with Z,,, attached to the filter DUTs 2to N (i.e. in the on-hook state), the reference situation
should be corrected to contain the N-1 Z~, 1, impedances. The IL figures should contain a set of switches, which need

to be put in the reference case first and later should connect the main DUT and the extra N-1 DUTs in on-hook. This
requires that the switches S1 and S2 should be replicated for each distributed filter, as shown in the Figures L.3 and L .4.
In this way the Zq, impedances attached to the N-1 distributed filters are correctly present in the reference

measurement.
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Zsourcel/2

A1 Reference Case

Distributed
2 LINE
o Tort Filter #1 DUT

-
?E _—
Qo ° -ZDSL
Spar | X |2 SpsL

J 1 Reference Case

Vsource

Sy <]
$p .2  LINE | l_)istributed
© port Filter #2 DUT
o o o
1 Reference Case ?\_
Sy >

P ”-SZ
e | Distributed g ¢S Zomma

port | Filter #N DUT ™y

Figure L.3: Test set up for IL testing from LINE port to POTS port, when Z5,, is used

Reference Case

LINE I_Distributed
port Filter #1 DUT

L oo [ Z
e

Reference Case

.3 LINE | Distributed

fo— L\ L

port Filter #2 DUT
e o o

N Reference Case N
) S,
23 g | Distributed | pors 51 Zomome]

port Filter #N DUT port

Figure L.4: Test set up for IL testing from POTS port to LINE port, when Zq,, is used

The test set-up from POTS port to LINE port can be altered with fewer switches to insert the N devices under test, as
shown inthe Figures L.5 and L.6. However, this requires replicating each individual Z,4, impedance twice as shown.
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Reference Case

Distributed

Filter #1 DUT e

LINE
port
0 Z
Soq [Tl

Distributed
POTS
Filtor #2 DUT

LINE
port
o o o
LINE|
port Filter #N DUT

Distributed POTS

Figure L.5: Alternative test set up for IL testing from LINE port to POTS port, when Z5,, iS used

Reference

Case

sDSL

port

LINE I_Distributed
Filter #2 DUT

" LINE I_Distributed PATSS .-
port Filter #1 DUT
0

port

LINE l_)istributed
Filter #N DUT

Figure L.6: Alternative test set up for IL testing from POTS port to LINE port, when Z5,, IS used
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Annex M (informative):
Bibliography

ETSI EN 300 001: "Attachments to the Public Switched Telephone Network (PSTN); General technical requirements
for equipment connected to an analogue subscriber interface in the PSTN".

ETSI ES 201 187: "2-wire analogue voice band interfaces; Loop Disconnect (LD) dialling specific requirements’.

ETSI TS 102 080: "Transmission and Multiplexing (TM); Integrated Services Digital Network (ISDN) basic rate
access; Digital transmission system on metallic local lines'.

ETSI TS 101 952-1-2: "Access network xDSL transmission filters; Part 1: ADSL splitters for European deployment;
Sub-part 2: Specification of the high pass part of ADSL/POTS splitters’.

ETSI EG 201 188: "Public Switched Telephone Network (PSTN); Network Termination Point (NTP) analogue
interface; Specification of physical and electrical characteristics at a 2-wire analogue presented NTP for short to
medium length loop applications’.

ETSI ES 202 971: "Access and Terminals (AT); Public Switched Telephone Network (PSTN); Harmonized
specification of physical and electrical characteristics of a 2-wire analogue interface for short line interface".

ETSI TS101 270-1 (V1.2.1): "Transmission and Multiplexing (TM); Access transmission systems on metallic access
cables; Very high speed Digital Subscriber Line (VDSL); Part 1. Functional requirements”.

ITU-T Recommendation G.117: "Transmission aspects of unbalance about earth”.

ITU-T Recommendation G.994.1: "Handshake procedures for digital subscriber line (DSL) transceivers'.
ITU-T Recommendation G.995.1: "Overview of digital subscriber line (DSL) Recommendations”.

ITU-T Recommendation G.996.1: "Test procedures for digital subscriber line (DSL) transceivers'.

ITU-T Recommendation G.997.1: "Physical layer management for digital subscriber line (DSL) transceivers'.

NOTE: |ITU-T documents are available at: http://www.itu.int/| TU-T/publications/recs.html.
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