ETSI TR 101 953-2-1 vi1.1.1 2003-12)

Technical Report

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

D




2 ETSI TR 101 953-2-1 V1.1.1 (2003-12)

Reference
DTR/AT-010091-02-01

Keywords
ADSL, POTS, splitter, testing, VDSL

ETSI

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

Tel.: +334 9294 42 00 Fax: +33 4 93 65 47 16

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

Important notice

Individual copies of the present document can be downloaded from:
http://www.etsi.org

The present document may be made available in more than one electronic version or in print. In any case of existing or
perceived difference in contents between such versions, the reference version is the Portable Document Format (PDF).
In case of dispute, the reference shall be the printing on ETSI printers of the PDF version kept on a specific network drive
within ETSI Secretariat.

Users of the present document should be aware that the document may be subject to revision or change of status.
Information on the current status of this and other ETSI documents is available at
http://portal.etsi.org/tb/status/status.asp

If you find errors in the present document, send your comment to:

editor@etsi.org

Copyright Notification

No part may be reproduced except as authorized by written permission.
The copyright and the foregoing restriction extend to reproduction in all media.

© European Telecommunications Standards Institute 2003.
All rights reserved.

DECT™, PLUGTESTS™ and UMTST™M are Trade Marks of ETSI registered for the benefit of its Members.
TIPHONTM and the TIPHON logo are Trade Marks currently being registered by ETSI for the benefit of its Members.
3GPP™ s a Trade Mark of ETSI registered for the benefit of its Members and of the 3GPP Organizational Partners.

ETSI


http://www.etsi.org/
http://portal.etsi.org/tb/status/status.asp
mailto:editor@etsi.org

3 ETSI TR 101 953-2-1 V1.1.1 (2003-12)

Contents

Intellectual Property RIGNES.........oo et 4
0 Yo (o SRS 4
1 o010 SRS 5
2 REFEIBINCES ...ttt sttt e et et et e e e bt e bt e bt s b e se e be st e st e st e benbenbeneenbentenees 5
3 Definitions and aDbrEVIBLIONS.........c.viieie ettt e e e tesreeeesneeneeseesneeneeseeenes 5
31 D= T aT] (0] PO P TP PR UPTPRUSUSII 5
3.2 ADDIEVIBLIONS ...ttt et b b h ekt e e e e se e e bt e bt eh e eh e et e e e bt e b e e Rt e Re e e e e e besheebenneeneennen 6
4 gLl [N o1 o] o SRRSO 6
5 Test conditioNS and GENENal NOLES .......coiiuiiiiiriee ettt n e 7
6 List of test cases for the low pass part of the VDSL over POTS Splitter ......cccevveeeiieiiseee e 9
6.1 =S SR (0 R D IO = (1T (=11 1SR 9
6.1.1 Testsfor DC reSIStANCE IO EAIMTN ..o bbb et b e 9
6.1.2 Testsfor DC insulation resistance between A-wWire and B-WIil€...........cceviieiineneninieeese e 11
6.1.3 T eSS TOr DC SEITES TESISIANCE. .....e ettt sttt ettt sttt bbbt h et e et e et sb e s bt b e e e e et e sbeebesaeene e e annees 12
6.2 Testsfor ringing freqUENCY FEOUITEMENTS.........ceiieeeieieesee st e steesteete et e s e st ee s e e steeeesseesreesse e seenseensesneessensrens 14
6.2.1 Testsfor voltage drop at 25 HZ @0 50 HZ .........couiieiiiiiiiiieceeer e 14
6.2.2 Testsfor impedance at 25 HZ aNd 50 HZ ..........ccoiiiiiiiiice e 16
6.2.3 Testsfor total harmonic distortion at 25 HZ and SO HZ ........ooueiiieieieeeee e 17
6.3 Testsfor pass band 10Ss requirements (ON-NOOK) ..o 19
6.3.1 Testsfor on-hook requirement for the case of high impedance injection............cocoeevinenninerncneseeen 19
6.3.2 Testsfor on-hook requirement for the case of low impedance iNjection ... 21
6.4 Testsfor pass band [oss requirements (Off-NOO0K) ..........ccieiiiiie e s 24
6.4.1 Tests for off-hook pass band INSErtiON [OSS.........ccveieiie et sre e 24
6.4.2 Tests for off-hook pass band insertion [0SS AiStOrtioN ...........ccccevieeiieii e 24
6.5 TestSTOr return 10SS FEQUITEIMENLS .......ccveevieeeeeeeseeseesteeaeseesreesteesteesteaseesseesseesseesesnsesneesseesseenseenseensessenssenssnes 26
6.5.1 Testsfor return loss requirements OptioNS A @A B ........oovv e ciicicceceeeee e 26
6.6 Testsfor requirements relating to MELEriNG PUISES........coiviiiiiicieseese e naesraesneas 28
6.6.1 Testsfor requirements relating to metering pulsesat 12 KHz or 16 KHz..........coceiviieininccnenccee 28
6.7 Testsfor uNbalance @bOUL EAIMN ..ot ne e e 30
6.7.1 Testsfor the unbalance about earth (LCL/LCTL) without feeding ..........cccvirernineinierce e 31
6.7.2 Testsfor the unbalance about earth with DC feeding on basis of the branch impedances..............c.cc........ 32
6.8 TestSTor VDSL Dand rEQUIFEMENTS........ciiieeiiterietietese ettt sttt bbbt b e b b e b s b e e ebesreneeneas 35
6.8.1 Testsfor On-hook loss for VDSL over POTS SPHLLENS........ocveiieececie s 35
6.8.2 TestsSfor Off-NOOK ISOIBLION. ........ciuieeieeee et ettt s r bt eae e s 37
6.9 =S ] (0] g 0o TES PRSPPSO 40
6.9.1 Testsfor audiDIE NOISEIEVEL ..o e e 40
6.9.2 Testsfor VDSL Dand NOISETEVEL ... e 42
6.10 I=S ] (o] gfo (1= (o] (1o FEN PSPPSR 46
6.10.1 Tests for POTS band intermodulation diStOrtioN ............cooiiieieeeeieeerese e e 46
6.11 TestsSTor SIgNal delay IMPBCLS .......ooviiieeeet ettt b bbb e bt s b e eb e s b e b sreneene s 47
6.11.1 Testsfor group delay iStOrTION .........oiriieiree bbb 47
6.12 Testsfor requirements related t0 POTS EffECES. ..o 49
6.12.1 Testsfor requirements related to POT S transient effeCtS........covoeiriicinineree e 49
[ 11 (TSR P PSPPSR 51

ETSI



4 ETSI TR 101 953-2-1 V1.1.1 (2003-12)

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://webapp.etsi.org/| PR/home.asp).

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 Report (TR) has been produced by ETSI Technical Committee Access and Terminals (AT).
. AT Analogue of Technical Committee Access and Terminals (AT); and
. TM6 of Technical Committee Transmission and Multiplexing (TM).

The present document is part 2, sub-part 1 of a multi-part deliverable supporting different aspects of European Specific
DSL splitters, asidentified below:

Part 1: "ADSL splitters for European deployment”;

Part 2: " VDSL splittersfor European deployment” ;
Sub-part 1. " Specification of Testing methodsfor low pass part of VDSL/POTS splitters';
Sub-part 2: " Specification of Testing methods for high pass part of VDSL/POTS splitters’;
Sub-part 3: " Specification of Testing methods for VDSL/ISDN splitters®.

NOTE: The choice of amulti-part format for this deliverable isto facilitate maintenance and future
enhancements.
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1 Scope

The present document describes test methods for the low pass section of VDSL/POTS splitters. These splitters are
intended to be installed at the Local Exchange side of the local 1oop and at the user side near the NTP. In the case of
splitters at the user side, the present document describes test methods for the master splitter that isintended for use at
the demarcation point of the customer premises. Distributed filters are not concerned by the present document.

2 References

For the purposes of this Technical Report (TR) the following references apply:

[1] ETSI TS 101 270 (al parts): "Transmission and Multiplexing (TM); Access transmission systems
on metallic access cables; Very high speed Digital Subscriber Line (VDSL)".

[2] ETSI TS 101 952-2-1: " Access network xDSL transmission filters; Part 2: VDSL splitters for
European deployment; Sub-part 1. Specification of the low pass part of VDSL/POTS splitters'.

[3] ETSI TS 101 952-1-1: "Access network xDSL transmission filters; Part 1: ADSL splitters for
European deployment; Sub-part 1: Specification of the low pass part of ADSL/POTS splitters'.

[4] 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’.

[5] ETSI TR 102 139: "Compatibility of POTS terminal equipment with xDSL systems".

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

[7] ITU-T Recommendation O.9: "Measuring arrangements to assess the degree of unbalance about
earth".

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

intermodulation method".

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

[10] ETSI TBR 021: "Terminal Equipment (TE); Attachment requirements for pan-European approval
for connection to the analogue Public Switched Telephone Networks (PSTNSs) of TE (excluding
TE supporting the voice telephony service) in which network addressing, if provided, is by means
of Dual Tone Multi Frequency (DTMF) signalling".

3 Definitions 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

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

NOTE: Inthe case where there are multiple TE present at the customer end of the loop, then only when all of
these are on-hook should the CPE be considered to be on hook from the perspective of testing the splitter.

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

3.2 Abbreviations

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

ADSL Asymmetric Digital Subscriber Line
6(0) Central Office (Local Exchange)
CPE Customer Premises Equipment
dBm absolute power level expressed in decibels relativeto 1 mw
dBmp absolute power level weighted psophometrically
aBv absolute voltage level expressed in decibelsrelativeto 1 Volt
dBVp absolute voltage level weighted psophometrically
DSLAM Digital Subscriber Line Access Multiplexer
DUT Device Under Test
HPF High Pass Filter
ISDN-BA Integrated Services Digital Network-Basic Access
ITU International Telecommunication Union
LCL Longitudinal Conversion Loss
LCTL Longitudinal Conversion Transfer Loss
LE Local Exchange (Central Office)
LPF Low Pass Filter
LT Line Termination
NF Narrow-band Frequency
NT Network Termination
NTP Network Termination Point
POTS Plain Old Telephone Service
rms root mean square
TE Terminal Equipment (e.g. telephone, fax, voice band modem, etc.)
THD Total Harmonic Distortion
VDSL Very high speed Digital Subscriber Line
4 Introduction

The present document is part 2 of a multi-part deliverable supporting different aspects of European Specific DSL
splitters.

It has been produced based on the activities of ETS| STF 248.

The current document describes test methods for the low pass part of VDSL/POTS splitters.

The test methods of this Technical Report are based on requirements of the following document:
e TS101952-2-1[2].

Furthermore certain aspects of the following documents have been considered as to provide a document which is
consistent with the specifications of the other sub parts of TR 101 953:

«  TS101952-1-1[3];
«  TR101953-1-1[4].
For each test, the document describes:
. Title of the test;
. Requirement in reference to the specifications;

. Purpose of the test;
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. Test configuration;
o Test setup;

. Test parameters,

. Test matrix;

. Test procedure note;
. Test Resullt;

. Measuring notes.

5 Test conditions and general notes

For each test, feeding bridge and holding circuit must comply to the requirements as specified in TBR 038 [9] with
respect to the low frequency range. Similar performance is required for the high frequency range (up to 12 MHz). An
equivalent accuracy may be obtained by calibrating the feeding bridge and holding circuit across the relevant frequency
range.

Feeding Bridge

Signal injection Test connection

DC feeding

Figure 1: External circuitry for feeding bridge

B Holding e °
Circuit

b b
DC
Roc

Figure 2: External circuitry for holding circuit

General notes:

Polarity of the feeding voltage and with this the direction of the feeding current may impact the additional insertion loss
caused by feeding bridge and holding circuit. A calibration/normalization measurement need to be taken before each
single measurement step.

For active splitters the connection of the DC feeding is essential i.e. for LE splitters the feeding bridge should be
connected to the POTS port and the holding circuit should be connected to the LINE port. For TE splitters the feeding
bridge should be connected to the LINE port and the holding circuit should be connected to the POTS port.

ETSI



8 ETSI TR 101 953-2-1 V1.1.1 (2003-12)

Test set-ups as given in the present document show TE test set-ups unless stated otherwise. Tests for LE splitter
evaluation should be set up considering the aforementioned. Accordingly, ringing and metering signals shall be
provided to the relevant port of the tested splitter (LE splitter: signal source connected to POTS port and |oad connected
to LINE port; TE splitter: signal source connected to LINE port and load connected to POTS port).

Theinaccuracy of the measurement which results from tolerances in the test set-up and its containing equipment should
be carefully considered. When giving a verdict on the test results with respect to the requirement in the related standard
this tolerance in the test results need to be taken into account.

Zypg asgiveninthe current version of TS 101 952-2-1 [2] islikely to be changed in co-operation between ETSI AT

and ETSI TM6. The termination as referenced to in the present document reflect the current specification, however,
when performing tests Z,,pg ., and Zy,pg , and al related parameters shall be checked carefully with the then-current

TS 101 952-2-1[2].

Before splitters are tested the class of splitter should be categorized. Basis for this could be the schematic of the splitter
or a statement of the manufacturer. The following classes have been identified so far in the course of this project:

. passive: splitters which do exclusively contain passive components.

. passive with current/voltage detection: splitters which perform NF filtering using passive components,
which are enhanced by detection circuits based on the DC voltage and/or the DC current.

. active: splitters which contain active components (like OP amplifier) to perform the NF filtering.

NOTE: The splitters which have been evaluated during the validation of the test methods described herein are to
be classified in cluster "passive". Although the STF 248 has not had a splitter classified in cluster "passive
with current/voltage detection” at hand for the validation, the experience from STF 215 allowed to assess
the test methods for that type, too. No "active" splitters could be made available for evaluation. The
results of the STF 248 work could be validated for the first two classes, for the third class (active splitters)
theoretical test case validations have been discussed.

At sometest casesin the present document, a difference is made between splitters which do not break the DC path and
splitters which do break the DC path. The following drawings should give a guidance for the separation of this two
different types.

1 o l
T active
filte- T
Power NF de- ng  —=— NF
sink coupling
coupling .-
l 1

Figure 3. Example for a splitter not breaking the DC path
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1L
T active J_
filte- ]—
Power ring Power
e SOUICE

T L

_|

Figure 4: Example for a splitter breaking the DC path

Filters with current/voltage detection must be classified under the first type of splitters for their operating range
(e.g. DC current above detection limit) and under the second type of splittersin the blocking range (e.g. DC current

below detection limit).

6 List of test cases for the low pass part of the VDSL
over POTS splitter

6.1 Tests for DC requirements

6.1.1 Tests for DC resistance to earth

Table 1

Test case name:

DC Resistance to Earth

Reference:

TS 101 952-2-1 [2], clause 6.2.1

Test purpose:

To evaluate the DC resistance between a-wire and earth as well as b-wire and earth.
This test only applies to splitters which provide a terminal which is connected to
ground. (see note)

Test configuration:

See Test Set-up; DUT not configured

NOTE: A splitter is considered to provide a earth connection, as soon as there is a specific terminal which might
lead to the reasonable assumption that it could be connected to ground. Furthermore, this test is to be
performed, when there are non-insulated conducting parts at the enclosure.

Test set-up:

Feeding Bridge Splitter
r%s LINE (DUT) VDSL

b @ Earth
POTS
L [ 7 ] Holding oo [] Zpe =470Q
Circuit
Ur Re I ° |
Signal
—
— U
Ut 722' 0 Zn

Figure 5: Test set-up for DC resistance between terminal and earth when testing LINE port
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Parameter

Value

DC test voltage Ut

100 vDC
-100 VDC

Feeding voltage U

50 vDC
-50 VDC

Feeding current I in off-hook state

0mA
13 mA
30 mA
60 mA
80 mA

Position of switch S

a-wire
b-wire

Termination at POTS port

open circuit

Termination at VDSL port

open circuit

Ports to be tested (probe to be connected to)

POTS (only for splitters breaking the DC path in any way)

LINE

VDSL

Test matrix:
Table 3
TS 101 952-2-1 [2] Essential tests Optional tests
DC test voltage Ut: +100 VDC X X
DC test voltage Ut: -100 VDC X X
Ut applied to LINE port X >
Ut applied to POTS port (for splitters X e X e
breaking the DC path only!)
Ut applied to VDSL port X S
Switch in position a DG . GO
Switch in position b 1 X 1 X
Feeding voltage U.: +50 VDC X X
Feeding voltage Ug: -50 VDC X X
Feeding current I.. 0 mA X X
Feeding current I. 13 mA X | x |
Feeding current I: 30 mA X ... X ..
Feeding current |- 60 mA X —— p, QE—
Feeding current I.: 80 mA X — X
Termination at POTS port: Z, Ry =470 Q X X
Termination at POTS port: open circuit X X
Number of tests 32 tests (48 for 32 tests (48 for
splitters breaking the | splitters breaking the
DC path) DC path)

Test procedure notes:

NOTE 1: When aDC current isflowing, the difference in the test results between the measurements from a-wire to
earth and b-wire to earth is negligible (only the RDc and the series resistance of the holding circuit is
added to the result). With this, at the LINE port and the POTS port testing only one wire against earth is
sufficient when thereis no break in the DC path.

NOTE 2: Splitters breaking the DC path should be tested completely (all three ports), splitters not breaking the DC
path can use a reduced test which only requires testing at the xDSL port and the LINE port.

NOTE 3: At thexDSL port a and b- wire should be tested separately, however, a DC current need not be applied.
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NOTE 4: Verification of the test result: To verify the test result, a well-known resistor of about 5 MQ (measured
independently at an uncertainty of less than 0,1 %) should be connected to the test set-up and the resulting
current should be compared with the theoretically expected result.

NOTE 5: When the resistance from wire to earth is measured when RDC is connected, one roughly sees the two
resistances (one from a-wire to earth and the other from b-wire to earth) in parallel. The test result must
be assessed accordingly. When RDC is not connected (0 mA measurement) the resistances from each
wire to earth is seen asa single one.

Test results:
Test Result has to be recorded in two ways.

when RDC is not connected:

. I in HA, where: | isthe value of the observed current, which is flooding into the tip under test;

R(DC-wireearth)' where R(DC—Wi re-earth) ~ ut/1.
when RDC is connected:

. I in HA, where: | isthe value of the observed current, which is flooding into the tip under test;

Rpc-ab-wire-earth) » Where Ripc_ab-wire-earthy = 2UU1.

NOTE 6: Theresult for Ripc_gp-wire-earthy When Rpc is connected assumes that both resistances are of the same
magnitude. If thisis not the case, thiswill be visible at the measurements where Ry is not connected

(compare R(DC—Wi reearth))'
M easuring notes:

See general notes.

6.1.2 Tests for DC insulation resistance between A-wire and B-wire

Table 4
Test case name: DC Insulation resistance between a-wire and b-wire (open ports)
Reference: TS 101 952-2-1 [2], clause 6.2.2
Test purpose: To evaluate the DC series resistance between a-wire and b-wire of the various ports when
all the ports are left open
Test configuration: See Test Set-up; DUT not configured

Test set-up:

_®L>7 |
;ZZ Utl() LINE (SDpIL'Jt;? POTS

[
VDSL

Figure 6: Test Set-up for DC insulation between a-wire and b-wire measurements
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Test parameters:

Table 5
Parameter Value
DC test voltage Ut 100 vDC
-100 VDC
Termination at ports under test open circuit

Termination at ports not under test (while open circuit
testing at another one)

Ports to be tested (probe to be connected to) |[LINE
POTS (only for splitters breaking the DC path in any way)

Test matrix:

Table 6

TS 101 952-2-1 [2] Essential tests Optional tests

DC test voltage Ut: +100 VDC
DC test voltage Ut: -100 VDC
Ut applied to LINE port
Ut applied to POTS port (for splitters
breaking the DC path only!)
Ut applied to VDSL port
Number of tests 2 tests (4 for splitters 2 tests (4 for
breaking the DC path) | splitters breaking
the DC path)

X XX X
X XX X

Test procedure notes:

NOTE 1: If the splitter isnot breaking the DC path, it is sufficient to measure at one port (the LINE port). If the
splitter is breaking the DC path, both ports (LINE and POTS) should be measured.

NOTE 2: Verification of the test result: To verify the test result, a well-known resistor of about 5 MQ (measured
independently at an uncertainty of less than 0,1 %) should be connected to the test set-up and the resulting
current should be compared with the theoretically expected result.

NOTE 3: Testing the xDSL port with respect to the DC resistance between open wires has been cancelled asit is
not to be expected that a DC of that level occursin normal operation at the xDSL port. Evenif the DC
resistanceis lower than 5 MQ this need not necessarily lead to a performance |oss on the DSL path.

Test results:
Test Result hasto be recorded in two steps:

. I in HA, where: | isthe value of the observed current, which is flooding into the tip under test;

* Rpc.wirewire» Where Rpc wirewire = U1
M easuring notes:

See general notes.

6.1.3 Tests for DC series resistance

Table 7
Test case name: DC series resistance
Reference: TS 101 952-2-1 [2], clause 6.2.3
Test purpose: To evaluate the DC series resistance between wires at the LINE port, and the wires at the
POTS port with an open circuit applied to the VDSL port
Test configuration: See Test Set-up; DUT not configured
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Test matrix:

Feeding Bridge
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LINE

Splitter
(DUT) VDSL

Ull( Vv ? a POTS b

|
| S|

RDC

Figure 7: Test set-up for DC resistance measurements

Table 8
Parameter Value
Feeding voltage U 50 Vpe
Feeding current I 13 mA
30 mA
60 mA
80 mA
Polarity of feeding voltage Alternating
Termination at VDSL port open circuit
Termination at POTS port Rpc =470 Q
Ports to be tested LINE

Table 9
TS 101 952-2-1 [2] Essential tests Optional tests

Feeding voltage Ug: 50 Vp X X
Feeding current |0 13 mA X X
Feeding current I: 30 mA X X
Feeding current I.: 60 mA X X
Feeding current I.: 80 mA X X

Polarity of feeding voltage alternating alternating
Termination at POTS port: Ry X X
Termination at VDSL port: open circuit X X

Number of tests 4 tests 4 tests

Test procedure notes:

NOTE 1. The DC seriesresistance of passive splitters without current/voltage detection does not change with the
value of the current. Furthermore, the DC series resistance of passive splitters without current/voltage
detection usually does not change but may change with the polarity of the current. Therefore, it is
recommended to test half of the tests using normal polarity and half the tests using reversed polarity.

NOTE 2: The DC seriesresistance of passive splitters with current/voltage detection changes significantly (or at
least may change significantly) with the value of the current. However, the DC series resistance of
passive splitters with current/voltage detection does not change its tendency with the polarity of the

current.
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NOTE 3: The current leakage which is present for passive splitters with current/voltage detection and for active
splittersis not defined in TS 101 952, yet. A validation of the test is not possible without having specific
knowledge on the splitters implementation as long as the (current/voltage dependent) power consumption
of the splitter itself is not clear. Until clarification this test case does not apply for passive splitters with
current/voltage detection and for active splitters.

NOTE 4: Splittersthat do break the DC path cannot be assessed using this type of test. The assessment of active
splitters and splitters that break the DC path in any way is for further study.

NOTE 5: Verification of the test result: To verify the test result, two well-known resistors of about 25 Q (measured
independently at an uncertainty not more than of 0,1 %) should be connected to the test set-up, simulating
two DC branches of the splitter. The resulting current should be compared with the theoretically expected
result.

Test results:
Test Result hasto be recorded in three steps:

. Uland U2inV, where: Ul isthe voltage drop between a-wire of the LINE port and the a-wire of the POTS
port and U2 is the voltage drop between b-wire of the LINE port and the b-wire of the POTS port.

. Ipin mA, where I isthe resulting feeding current.
*  Rpc.saries Where Rpc guies = (UL + U2)/1 L.
M easuring Notes:

See general notes.

6.2 Tests for ringing frequency requirements

6.2.1  Tests for voltage drop at 25 Hz and 50 Hz

Table 10
Test case name: Voltage Drop at 25 Hz and 50 Hz
Reference: TS 101 952-2-1 [2], clause 6.3.1
Test purpose: To measure the voltage drop at 25 Hz and 50 Hz when tested with the test parameters
as given in the related standards
Test configuration: See Test Set-up; DUT not configured
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Test set-up:
ZLoAD
Ringing Signal a a [ ]
Generator @ l V1
b b —
ZLOAD
Ringing Signal &1 splitter (DUT) 12
Generator LINE POTS @ l V2
VDSL
b b —
ZvDsL

Figure 8: Test Set-up for voltage drop at 25 Hz and 50 Hz measurements

Test parameters:

Table 11
Parameter Value
Frequency of the test signal (i) 25 Hz
(i) 50 Hz
Amplitude of the test signal 35 Vrms superimposed on 60 VDC
Source impedance Zgo rce 850 Q resistive
Load impedance Z, 55p (i) 2,7kQ + 2,2 pF for 25 Hz
(i) 2,7 kQ + 1,0 WF for 50 Hz
VDSL termination ZypsL
open circuit
Test matrix:
Table 12
TS 101 952-2-1 [2] Essential tests Optional tests
25 Hz signal frequency X X
50 Hz signal frequency X X
35 Vrms superimposed on 60 VDC X X
35 Vrms superimposed on -60 VDC X X
Source impedance Zgygce = 850 Q X X
Termination at VDSL port: Z,,ng, X X
Termination at VDSL port: open circuit X X
Number of tests 8 tests 8 tests

Test procedure notes:
Test results:
The voltage drop measured should be recorded.

. voltagedrop =V1-V2
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M easuring notes.

Suggested configuration for Z, 5ap (@pprox. modulus 4 000 Q, angle -45°):

2.2 uF
2700 Q I I

I
Figure 9: Z gpp for 25 Hz

1,0 uF
2700 Q I I

I
Figure 10: Z| qap for 50 Hz

6.2.2 Tests for impedance at 25 Hz and 50 Hz

Table 13
Test case name: Impedance at 25 Hz and 50 Hz
Reference: TS 101 952-2-1 [2], clause 6.3.2
Test purpose: To evaluate the splitter return impedance at 25 Hz and 50 Hz when tested with the test
parameters as given in the related standards
Test configuration: See Test Set-up; DUT not configured
Test set-up:
Ic
<> .
Ringing Signal N Splitter o
Generator % ! @
Vi LINE POTS
A Y
VDSL

P

Figure 11: Test Set-up for impedance measurements at the LINE port

Ic
Splitter
Ringing Signal @ —o
Generator Vi C\JTD POTS LINE
VDSL

éod

Figure 12: Test Set-up for impedance measurements at the POTS port

NOTE: Figure 12 requires that thereis DC feeding of the splitter from the POTS port. If the splitter is sensitive to
which port is power fed, feeding has to be done viathe LINE port. A holding circuit is to be used to inject
the test signal at the POTS port in that situation.

ETSI



17 ETSI TR 101 953-2-1 V1.1.1 (2003-12)

Test parameters:

Table 14

Parameter Value
Level of the test signal 25 Hz at 60 Vrms superimposed on 60 VDC
50 Hz at 60 Vrms superimposed on 60 VDC
Termination at VDSL port no VDSL load

Test matrix:
Table 15
TS 101 952-2-1 [2] Essential tests Optional tests
25 Hz at 60 Vrms, 60 VDC, LINE port X X
25 Hz at 60 Vrms, 60 VDC, POTS port X X
50 Hz at 60 Vrms, 60 VDC, LINE port X X
50 Hz at 60 Vrms, 60 VDC, POTS port X X
Number of tests 4 tests 4 tests

Test procedure notes:
. Ringing Impedance Circuit:
- Configure the circuit as per figure 11 (for LINE Port test) or figure 12 (for POTS Port test) as required.
- For each test case, set the ringing signal at the signal generator in accordance with the Test Parameters.

- Measure the current | ~and the voltage V, dropped across the splitter port under test.

. Ringing impedance is calculated thus:
V
RL =_L
I C

Test results:

Table 16

Ringing impedance (kQ)

25 Hz ringing signal at Line port
50 Hz ringing signal at Line port
25 Hz ringing signal at POTS port
50 Hz ringing signal at POTS port

M easuring notes:

See general notes.

6.2.3 Tests for total harmonic distortion at 25 Hz and 50 Hz

Table 17
Test case name: Total Harmonic Distortion at 25 Hz and 50 Hz
Reference: TS 101 952-2-1 [2], clause 6.3.3
Test purpose: To evaluate the splitters ability to transfer ringing signals without significant distortion
Test configuration: See Test Set-up; DUT not configured
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Test set-up:
CR;mgmgi Signal Splitter EI)OEk Spectrum
enerator LINE POTS ing Analyser
VDSL
ZvDsL

Figure 13: Test set-up for total harmonic distortion measurements

Test parameters:

Table 18
Parameter Value
Frequency of the test signal 25Hz
50 Hz
Amplitude of the test signal 100 Vrms superimposed on 50 VDC
50 Vrms superimposed on 78 VDC
Source impedance Zgo gce 850 Q resistive
Load impedance Z, 5p 2,7 kQ + 2,2uF for 25 Hz
2,7 kQ + 1,0uF for 50 Hz
VDSL termination ZVDSL
open circuit
Test matrix:
Table 19
TS 101 952-2-1 [2] Essential tests Optional tests
25 Hz signal frequency X X
50 Hz signal frequency X X
100 Vrms superimposed on 50 VDC X X
50 Vrms superimposed on 78 VDC X X
Termination at VDSL port: ZVDSL X X
Termination at VDSL port: open circuit X X
Number of tests 8 tests 8 tests

Test procedure notes:
NOTE 1. Thetotal harmonic distortion of the test set-up should be less or equal to 2 %.

NOTE 2: For each test case, measure the spectral amplitudein Vrms of the fundamental (ringing) frequency uo and
all the harmonic frequencies, un up to the fifth harmonic, across the load impedance zLoAD.

The harmonic distortion expressed as a percentage is calculated as follows:

JUDZ+U,)2 +(U,)% +..U,)?
JUQ)2 +(U)? +(U,)2 +(U,)? +..(U,)?

Where terms U1 to Un are the levels of the harmonic frequencies and term Uo isthe level of the fundamental (ringing
signal) frequency.

% Total Harmonic Distortion (THD) = x 100
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Test results:

Table 20

Ringing frequency
25 Hz 50 Hz

Ringing signal amplitude

100 Vrms + 50 VDC THD (%)
50 Vrms + 78 VDC_ THD (%)

M easuring notes.

NOTE 3: Thistest requires as avery pure signa source. This hasto be considered when setting up the test. Note
that most standard signal generators do not provide sufficiently pure sinusoidal signals for the purpose of
thistest. Furthermore, operational amplifiers often cause significant distortion in achieving the test levels
required.

NOTE 4: Assuming standard terminal equipment it is not expected that distortion of the ringing signal do cause any
problem to the TE.

See also General Notes.

6.3 Tests for pass band loss requirements (on-hook)

6.3.1 Tests for on-hook requirement for the case of high impedance

injection
Table 21
Test case name: On hook requirement for the case of high impedance injection
Reference: TS 101 952-2-1 [2], clause 6.4.1
Test purpose: To evaluate the magnitude of voltage gain of the splitter in the range 200 Hz to 2 800 Hz
for the on-hook case with high impedance injection
Test configuration: See Test Set-up; DUT not configured
Test set-up:
Us Zs \
([
| |\ —
Feeding Bridge —e ®— Holding
Circuit
—. .—

a DC b
/ ‘ RDC
Ue R: I

Figure 14: Test set-up for measurement calibration
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Us Zs
Feeding Bridge a) Splitter a Holding
POTS (DUT) LINE Circuit
b b
a VDSL b a DC b
ZypsL Roc

Figure 15: Test set-up for voltage gain measurements for LE splitters

Us Zs
Feeding Bridge ——— @2 . —-@— Holding
Splitter POTS Circuit Signal
©un) | o |
b
a| VbsL b a DC b
ZVDSL RDC

Figure 16: Test set-up for voltage gain measurements for TE splitters

Test parameters:

Table 22
Parameter Value
Level of the test signal Ug -4 dBV emf
Frequency of the test signal 200 Hz to 2 800 Hz
Feeding voltage U 50V DC
-50Vv DC
Feeding current I 0,4 mA (Rp to be adjusted accordingly)

2,5 mA (Rp to be adjusted accordingly)
Impedance of the signal source Zg |Zg

Impedance of the load Z, 5, ZoN
VDSL termination ZypsL
open circuit
Direction of transmission passive splitters: LINE - POTS

passive splitters with current/voltage detection: LINE - POTS
active splitters: LINE - POTS and POTS - LINE
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Test matrix:

Table 23

TS 101 952-2-1 [2]

Essential tests

Optional tests

Level of the test signal Ug: -4 dBV emf X X
Frequency range: 200 Hz to 2 800 Hz X X
Feeding voltage Ug: 50 VDC X X
Feeding current Ig. 0,4 mA X X
Feeding current Ig. 2,5 mA X X
Polarity of the DC feeding alternating alternating
Termination at VDSL port: ZVDSL X X
Termination at VDSL port: open circuit X X
Direction LINE - POTS X X
Direction POTS - LINE (for active splitters (for active splitters
only) only)

Number of tests

4 tests for passive
splitters and 8 tests
for active splitters

4 tests for passive
splitters and 8 tests
for active splitters

Test procedure notes:

NOTE 1: Polarity of the feeding voltage and with this the direction of the feeding current should not impact the
insertion loss of splitters.

NOTE 2: For passive splitters and for passive splitters with current/voltage detection it is sufficient to measure
insertion lossin one direction (LINE to POTS or POTSto LINE). Differencesin the insertion loss in the
two directions might be visible due to differences in the impedance matching, however, this will anyhow

be seen in the return loss measurement. For active splittersit is necessary to measure both directions.

NOTE 3: When verifying the test set-up, a verification measurement should not just be taken with 0 Q, but also
with aresistor which leads to an insertion loss of about 1 dB.

NOTE 4: If necessary, the feeding voltage can be increased to achieve the specified feeding current.

NOTE 5: The feeding conditions for active splitters and for passive splitters with current/voltage detection need to

be determined and are for further study.

NOTE 6: It need to be clarified, if a specific signal (e.g. ringing signal) must be sent to the device under test before

performing on-hook tests on active splitters or passive splitters with current/voltage detection.

NOTE 7: For active and for passive splittersit is sufficient to measure at the lowest and the highest specified

current for on-hook condition.
Test results:

Test Result should be recorded in dB, where: VG = 20 Ig (U2/U1), where U2 is the voltage observed when the splitter is
connected asin Test set-up and where U1 is the voltage observed when the splitter is replaced by a direct wire
connection of lessthan 0,01 Q.

6.3.2  Tests for on-hook requirement for the case of low impedance

injection

Table 24

Test case name: On hook requirement for the case of low impedance injection

Reference: TS 101 952-2-1 [2], clause 6.4.2

Test purpose: To evaluate the insertion loss and the insertion loss distortion of the splitter in the range

200 Hz to 2 800 Hz for the on-hook case with low impedance injection

Test configuration: See Test Set-up; DUT not configured
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Test set-up:
Us Zs
Feeding Bridge ® ® Holding
Circuit
® ®
a DC b
RDC

Figure 17: Test set-up for measurement calibration

Us Zs
Feeding Bridge —e21— splitter —fLLOINE— (H:.oldintg
(DUT) ircui
u A
a b a) DC b
ZVDSL RDC

Figure 18: Test set-up for voltage gain measurements for LE splitters

Us Zs
Feeding Bridge —e-21— . —2-@—— Holding a

LINE Splitter POTS Circuit Signal E l

u2

o OUT) | o |
b b T b ZLoaLd
a | vbsL b ai DC b
ZVDSL RDC

Figure 19: Test set-up for voltage gain measurements for TE splitters

ETSI



Test parameters:
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Table 25

Parameter

Value

Level of the test signal Ug

-4 dBVemf

Frequency of the test signal

1 000 Hz (for insertion loss)
200 Hz to 2 800 Hz (for insertion loss distortion)

Feeding voltage Ug

50 vDC
-50 VDC

Feeding current I

0,4 mA (Rp to be adjusted accordingly)
2,5 mA (Rp to be adjusted accordingly)

Impedance of the signal source |600 Q
Impedance of the load 600 Q
VDSL termination ZypsL

open circuit

Direction of transmission

passive splitters: LINE - POTS
passive splitters with current/voltage detection: LINE - POTS
active splitters: LINE - POTS and POTS - LINE

Test matrix:
Table 26
TS 101 952-2-1 [2] Essential tests Optional tests
Level of the test signal Ug: -4 dBV emf X X
Frequency of the test signal: 1 kHz X X
Frequency range: 200 Hz to 2 800 Hz X X

(for distortion measurement)

Feeding voltage U.. 50 VDC X X
Feeding current I.. 0,4 mA X X
Feeding current I.. 2,5 mA X X
Polarity of the DC feeding alternating alternating

Termination at VDSL port: ZVDSL X X
Termination at VDSL port: open circuit X X
Direction LINE - POTS X X
Direction POTS - LINE (for active splitters (for active splitters
only) only)

Number of tests

8 tests for passive
splitters and 16 tests
for active splitters

8 tests for passive
splitters and 16
tests for active

splitters

Test procedure notes:

NOTE 1: Polarity of the feeding voltage and with this the direction of the feeding current should not impact the

insertion loss of splitters.

NOTE 2: For passive splitters and for passive splitters with current/voltage detection it is sufficient to measure
insertion lossin one direction (LINE to POTS or POTSto LINE). Differencesin theinsertion lossin the
two directions might be visible due to differences in the impedance matching, however, this will anyhow
be seen in the return loss measurement. For active splittersit is necessary to measure both directions.

NOTE 3: When verifying the test set-up, a verification measurement should not just be taken with 0 Q, but also
with aresistor which leadsto an insertion loss of about 1 dB. For a 600 Q source/load impedance, a
simple way to set-up such an attenuation is by inserting 2 x 75 Q resistors instead of the DUT.

NOTE 4: If necessary, the feeding voltage can be increased to achieve the specified feeding current.

NOTE 5: The feeding conditions for active splitters and for passive splitters with current/voltage detection need to
be determined and are for further study.
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NOTE 7:

Test results:
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It need to be clarified, if a specific signal (e.g. ringing signal) must be sent to the device under test before
performing on-hook tests on active splitters or passive splitters with current/voltage detection.

For active and for passive splittersit is sufficient to measure at the lowest and the highest specified
current for on-hook condition.

Test Result should be recorded in dB, where: IL = 20 Ig (U1/U2), where U2 is the voltage observed when the splitter is
connected asin Test set-up and where U1 is the voltage observed when the splitter is replaced by a direct wire
connection of lessthan 0,01 Q.

6.4

6.4.1

NOTE:

6.4.2

Tests for pass band loss requirements (off-hook)

Tests for off-hook pass band insertion loss

To maintain the same structure asin TS 101 952-2-1 [2] this clause has been added. However, it will be
kept empty as the tests for off-hook pass band insertion loss are covered by the tests for off-hook pass
band insertion loss distortion.

Tests for off-hook pass band insertion loss distortion

Table 27

Test case name: Off-hook pass band insertion loss and insertion loss distortion

Reference: TS 101 952-2-1 [2], clauses 6.5.1 and 6.5.2

Test purpose: To evaluate the insertion loss in the off-hook case

Test configuration: See Test Set-up; DUT not configured

Test set-up:

Us Zs

o

Feeding Bridge

® Holding
Circuit

I

a DC b

Roc

Figure 20: Test set-up for measurement calibration

Us Zs
. . — . —-@— Holdin
Feeding Bridge POTS Splitter LINE Circuitg Signal
o | OUD | ]
b b b ZLoad

a|vost [ b al bc |b

W T ey = &)

ZVDSL RDC

UF RF lF

Figure 21: Test set-up for insertion loss measurements for LE splitters
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o

Feeding Bridge — @21 Splitt —-e— Holding
LINE [?Ul_rer POTS Circuit Signal
b ( ) b
a‘VDSL b al bc | b
A— /|
ZypsL Rpc
Ue R I

Figure 22: Test set-up for insertion loss measurements for TE splitters

Test parameters:

Table 28
Parameter Value
Level of the test signal Ug -4 dBV emf
Frequency of the test signal 1000 Hz (for insertion loss)
200 Hz to 4 000 Hz (for insertion loss distortion)
Feeding voltage U 50 Vpe
-50 Ve
Feeding current I 13 mA (Rp and Rf to be adjusted accordingly)
80 mA (Rp and Rf to be adjusted accordingly)
Impedance combinations combination 1: source impedance: Zy; load impedance: Z,
combination 2: source impedance: 600 Q; load impedance: 600 Q
VDSL termination ZypsL
open circuit
Direction of transmission passive splitters: LINE - POTS
passive splitters with current/voltage detection: LINE - POTS
active splitters: LINE - POTS and POTS - LINE

Test matrix:
Table 29
TS 101 952-2-1 [2] Essential tests Optional tests
Level of the test signal Ug: -4 dBV emf X X
Frequency of the test signal: 1 kHz X X
Frequency range: 200 Hz to 4 000 Hz X X

(for distortion measurement)

Feeding voltage Ug: 50 VDC X X
Feeding current |0 13 mA X X
Feeding current I.. 80 mA X X
Impedance combination 1 X X
Impedance combination 2 X X
Polarity of the DC feeding alternating alternating

Termination at VDSL port: Z,ng X X
Termination at VDSL port: open circuit X X
Direction LINE - POTS X X
Direction POTS - LINE (for active splitters (for active splitters
only) only)
Number of tests 16 tests for passive |16 tests for passive
splitters and 32 tests splitters and 32
for active splitters tests for active
splitters
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Test procedure notes:

NOTE 1: Polarity of the feeding voltage and with this the direction of the feeding current should not impact the
insertion loss of splitters.

NOTE 2: For passive splitters and for passive splitters with current/voltage detection it is sufficient to measure
insertion lossin one direction (LINE to POTS or POTSto LINE). Differencesin theinsertion lossin the
two directions might be visible due to differences in the impedance matching, however, this will anyhow
be seen in the return loss measurement. For active splittersit is necessary to measure both directions.

NOTE 3: When verifying the test set-up, a verification measurement should not just be taken with 0 Q, but also
with aresistor which leads to an insertion loss of about 1 dB. For a 600 Q source/load impedance, a
simple way to set-up such an attenuation is by inserting 2 x 75 Q resistors instead of the DUT.

NOTE 4: If necessary, the feeding voltage can be increased to achieve the specified feeding current.

NOTE 5: The feeding conditions for active splitters and for passive splitters with current/voltage detection need to
be determined and are for further study.

NOTE 6: For active and for passive splittersit is sufficient to measure at the lowest and the highest specified
current for off-hook condition.

Test results:

Test Result should be recorded in dB, where: IL = 20 Ig (UL/U2), where U2 is the voltage observed when the splitter is
connected asin Test set-up and where U1 is the voltage observed when the splitter is replaced by a direct wire
connection of lessthan 0,01 Q.

When reporting the insertion loss distortion (200 Hz to 4 000 Hz) the absolute difference of the insertion loss at any
frequency and theinsertion loss at 1 kHz shall be evaluated. The insertion loss distortion equals:

U U U
ild = 201g(—2%) = 201 g(— X)) — 201g(—2¥*2y = {|(f) —il (IkHZ)

2(f) 2(f) 2(1kHz)
M easuring notes:

See general notes.

6.5 Tests for return loss requirements

6.5.1  Tests for return loss requirements options A and B

Table 30
Test case name: Return Loss Requirements for option A and B
Reference: TS 101 952-2-1 [2], clause 6.6
Test purpose: To evaluate the splitter return loss when tested with the test parameters as given in the
related standards
Test configuration: See Test Set-up; DUT not configured
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Test set-up:
Signal | | Level Feeding Bridge LINE | Splitter POTS | Holding Circuit
Source Meter port (DUT) port Z;
I S -
VDSL
’ m no |k\|k\ L:b—‘
Re VDSL port Roc
termination
Figure 23: Test set-up for return loss testing on a splitter (at the line port)
Feeding Bridge LINE [ Splitter POTS Holding Circuit Level | | Signa
Z, port (DUT) port Meter Source
Z, M

UFMIF

Re

port

VDSL \K

VDSL port
termination

Figure 24: Test set-up for return loss testing on a splitter (at the POTS port)

Test parameters:

Table 31
Parameter Value
Level of test signal -10 dBV
Frequency range of test signal 300 Hz to 4 000 Hz

Combination of port and load Option A combination 1: Z / LINE Port test
impedances combination 2: Z / POTS Port test
combination 3: Zg, / LINE Port test
combination 4: Z, / POTS Port test

Option B combination 1: Z / LINE Port test

combination 2: Z / POTS Port test

Termination at VDSL port

VDSL load = Z,,ng.
VDSL load = open circuit

Feeding voltage Ug +50 Ve
-50 Ve
Load resistance Rpc 470 Q in off-hook state
DC feeding current I in Ipc =13 mA
off-hook state Ipc = 80 mA
(see note)

NOTE:

These values of DC current are set by adjusting the values of the external circuitry (namely Ug, R and Rp)

shown in figures 23 and 24. For the return loss only DC for off-hook cases need to be considered according to

TS 101 952-2-1 [2], clause 6.6.
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Test matrix:
Table 32
TS 101 952-2-1 [2] Essential tests Optional tests
Level of the test signal: -10 dBm X X
Frequency range: 300 Hz to 4 000 Hz X X
Feeding voltage Ug: 50 VDC X X
Feeding current |0 13 mA X X
Feeding current I.. 80 mA X X
Impedance of a splitter (Option A)
combination Al: Z, / LINE Port test X X
combination A2: Z, / POTS Port test X X
combination A3: Zg, / LINE Port test X X
combination A4: Zg, / POTS Port test X X
Impedance of a splitter (Option B)
combination B1: Z, / LINE Port test X X
combination B2: Z,, / POTS Port test X X
Polarity of the DC feeding alternating alternating
Termination at VDSL port: Z,,g, X X
Termination at VDSL port: open circuit X X
Number of tests (Option A) 16 tests 16 tests
(Option B) 8 tests 8 tests
Test procedure notes:
None.
Test result:
Test result should be the return loss following the definition:
Z, +Z
1 2
R = 20|gg
2, -2,

M easuring notes.

NOTE 1: The reduction of line feeding currentsto just 13 mA and 80 mA has shown to be appropriate as no
significant differences were evident between the various current results.

NOTE 2: Positive and negative feed voltages produced no significant differencesin the return loss results.
However, it is suggested that the positive/negative aspect of the test should still be present. Consequently,
it isrecommended that the results are measured with half of the tests performed with +50 V and the
remaining half performed with -50 V (alternating polarity).

6.6 Tests for requirements relating to metering pulses

6.6.1  Tests for requirements relating to metering pulses at 12 kHz or

16 kHz
Table 33
Test case name: Requirements relating to metering pulses at 12 kHz or 16 kHz
Reference: TS 101 952-2-1 [2], clauses 6.5.1 and 6.5.2
Test purpose: To evaluate the insertion loss in the off-hook case
Test configuration: See Test Set-up; DUT not configured
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Test set-up:
ZSouroe ZLoad
Feeding a a Holding |—
lUS Brldge LINE POTS Circuit Signal Ul
b b
Signal N Level
source v I I_‘R_T’_' m(;ver
Re
ZSouroe ZLoad
Feeding Q Splitter a Holding | _
Us Bridge LINE | (DUT) |_PTS | Circuit l"a‘l u2
Sional VDSl
sog?ce Ur e port I_‘R:’J Ir_nit((earI
Re
ZVDSL

Figure 25: Test set-up for insertion loss measurements at splitters

Test parameters:

Table 34
Parameter Value
Level of the test signal Ug 3,53 Vrms
Frequency of the test signal Ug |12 kHz =1 %
16 kHz+1 %
Feeding current I 13 mA
80 mA
(see note)
Direction of current I Alternating
Source impedance Zgo rce 200 Q
Load impedance Z, 55p 200 Q
Termination at Vg, port ZypsL
open circuit
Feeding voltage U 50 Vpe

NOTE:  The values of I are set by adjusting the values of the external circuitry (Ug, Rg and Rp).
Test matrix:
Table 35
TS 101 952-2-1 [2] Essential tests Optional tests
Level of the test signal Ug: 3,53 Vrms X X
Feeding voltage Ug: 50 VDC X X
Feeding current |0 13 mA X X
Feeding current I.: 80 mA X X
Source impedance Zgq gcg: 200 Q X X
Load impedance Z, 5,p: 200 Q X X
Polarity of the DC feeding alternating alternating
Termination at Vg port: Z,pq, X X
Termination at Vg, port: open circuit X X
Number of tests 8 tests none 8 tests
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Test procedure notes:
NOTE 1: The test frequency of 12 kHz or 16 kHz is dependent on the network operator specific requirement.

NOTE 2: Polarity of the feeding voltage and with this the direction of the feeding current does not impact the
insertion loss of splitters.

NOTE 3: Polarity of the feeding voltage and with this the direction of the feeding current may impact the additional
insertion loss caused by feeding bridge and holding circuit. A calibration/normalization measurement
need to be taken before each single measurement step.

NOTE 4: It issufficient to measure insertion loss in one direction as metering pulses are transmitted from LE to
NTP only. Hence, insertion loss shall be measured from POTS port to LINE port for LE splitters and
from LINE port to POTS port for TE splitters.

NOTE 5: A test case verification measurement should be taken using aflat attenuation leading to an insertion loss
of about 3 dB. A simple way to set-up such an attenuation is by adding 165 Q instead of the unit under
test.

NOTE 6: If necessary, the feeding voltage can be increased to achieve the specified feeding current.

NOTE 7: The feeding conditions for active splitters and for passive splitters with current/voltage detection need to
be determined.

NOTE 8: Thereisarecognizable difference (about 0,5 dB) in the test result when measuring with and without
Z\,pg. - Both conditions are likely to occur inreal life as modems do change their input impedance when

switched off. Both conditions with and without Z,,g should be tested.

Test results:

Test result shall be recorded in dB, where I| = 20 log (U1/U2), where U2 is the voltage observed when the splitter is
connected asin Test set-up and where U1 is the voltage observed when the splitter is replaced by a direct wire
connection of lessthan 0,01 Q.

Table 36

Frequency (kHz) Maximum Insertion loss (dB)
12+1%o0r16+1%

M easuring Notes:

See general notes.

6.7 Tests for unbalance about earth

TS 101 952-2-1 [2] requires the unbalance about earth to be measured up to 12 MHz under the application of DC
feeding. Applying afeeding bridge and a holding circuit to an unbalance test set-up means a significant impact to the
set-up’s balance about earth, especially at higher frequencies. However, the evaluation of the unbalance of splitters
should be done with a DC feeding applied, as the impedance of splitter components might vary upon the feeding
current. To achieve both avalid LCL/LCTL test result as well as a prove of the splitters behaviour under the influence
of the DC current it is recommended by STF 248 to test this characteristic in two steps (see clauses 6.7.1 and 6.7.2).
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6.7.1  Tests for the unbalance about earth (LCL/LCTL) without feeding

Table 37
Test case name: Unbalance about earth without feeding
Reference: TS 101 952-2-1 [2], clause 6.8.1
Test purpose: To evaluate the longitudinal conversion (transfer) loss of a splitter when no feeding is
applied
Test configuration: See Test Set-up; DUT not configured
Test set-up:
150Q R . . R
! Splitter { h
Ur LINE DU POTS
—ST lR: 7 ¢ | ! L oe L
- // a| VDSL | b R
earth terminal | ]_:'_)
C;tUo (if available S2
at DUT st
®
connection to earth :
plate (if no earth O Earth Point conducting earth plate

at DUT)

connection available

of sufficient size (if no
earth connection
availableat DUT)

NOTE: Special care need to be taken to achieve a test set-up of sufficient balance about earth. It is highly
recommended to perform a calibration/normalization measurement before the test where the balance of
the test set-up without DUT (DUT replaced by straight connection between feeding bridge and holding

circuit).

Figure 26: Test set-up for measuring LCL/LCTL at splitters

Test parameters:

Table 38

Parameter

Value

Level of the test signal Ug

-10 dBm

Frequency of the test signal Ug

frequency range 1: 50 Hz to 4 kHz
frequency range 2: 4 kHz to 12 MHz

Combination of source and load
impedances

combination 1: R = 600 Q/2 = 300 Q;
combination 2: R = 50 Q (see notes 1 and 2)

Status of S1 open
closed

Status of S2 open
closed

Termination at VDSL port

Z,,ng. (see note)

Feeding voltage/current

no feeding applied

NOTE 1: Currently there are some tendencies to change the VDSL termination impedance. This could aso have an
effect to the further impedances and resistors given in thisfigure. It is highly recommended to carefully
check the actual values with the then-current TS 101 952-2-1 [2] or its succeeding document when

performing the tests.
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NOTE 2: Risin principle half the value of the resistive part of ZVDSL at very high frequencies.

Test matrix:
Table 39
TS 101 952-2-1 [2] Essential tests Optional tests
Level of the test signal Ug: - 10 dBm X X
Frequency range of the test signal:
50 Hz to 4 kHz — X — X
4 kHz to 12 MHz X —/ X —
Impedance combination 1 — X — X
Impedance combination 2 X — X —
S1open X — X
S1closed —X — X
S2 open — X — X
S2 closed X ] X ]
measured at POTS port — X — X
measured at LINE port X — X—
Termination at VDSL port: Z,,g, X X
Number of tests 3 tests 3 tests

Test procedure notes:

Thereisastudy point pending at ETSI TM6 on the question, if a measurement with a middle-earthened termination at
the LINE or POTS port respectively (LCTL measurement) is appropriate.

Test results:

Test Result shall be recorded in dB, where: unbalance = 20 Ig (Uo/U+), where Uo is the longitudinal voltage fed in by
the generator and where U+ is the differential voltage observed at the input of the DUT.

M easuring Notes:

Specia care need to be taken to achieve atest set-up of sufficient balance about earth. It is highly recommended to
perform a calibration/normalization measurement before the test where the balance of the test set-up without DUT
(DUT replaced by straight connection between feeding bridge and holding circuit). See also general notes.

6.7.2 Tests for the unbalance about earth with DC feeding on basis of the
branch impedances

Table 40
Test case name: Unbalance about earth; comparison of branch impedances
Reference: TS 101 952-2-1 [2], clause 6.8.1
Test purpose: To evaluate the unbalance of the splitter by comparing the branch impedances of the
splitter under application of a DC feeding
Test configuration: See Test Set-up; DUT not configured

Background information:

Testing the unbalance about earth using the LCTL test method as described in ITU-T Recommendation O.9 [7] when
a so feeding bridges and/or holding circuits are connected to the test set-up is not easy, as commonly available feeding
bridges and holding circuits are specified for voice frequencies. While the insertion loss is still acceptable at higher
frequencies, a sufficient balance about earth cannot be guaranteed. The dynamic range of a measurement with feeding
bridge and holding circuit is unlikely to be high enough to prove a balance of about 30 dB at high frequencies.

Therefore, thistest case investigates that part of the splitters behaviour that is mainly responsible for an unbalance about
earth.
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M easurements using the LCL method show, that the layout of splitters usually has a good balance about earth.
However, as soon asthe LCTL method is used (the termination at the non-measured port is built up as a symmetrical
termination having an earth connection at the "middle" point) one observes significant variationsin the test result,
which cannot be caused by the splitter layout. Reason for this behaviour is the tolerance of the splitter componentsin
the a-wire and b-wire. As soon as a component in the a-wire behaves different to its counterpart in the b-wire, there will
be a significant impact to the LCTL result. Especially when a DC current is applied, the variances in the branch
impedance can be significant because of loading effects in the inductances. Therefore an aternative test method is
proposed in this clause.

The principle of thistest liesin the comparison of the two branches' impedance over frequency for different DC
currents. Validation tests of STF 248 have shown that this approach is valid. However, currently there is no requirement
defined in TS 101 952-2-1 [2] which could easily be transferred to this method. Nevertheless, thistest is proposed in
conjunction with the request to the responsible technical body (ETSI AT) to work out arelated requirement.

Having in mind the test set-up for the LCTL measurement in combination with the investigation of the branch
impedances, one could imagine calculating the LCTL from the information gained in this test. However, STF 248 does
recommend to create a new type of requirement.

Test set-up:
}_\
DC a Splitter 3
Source UNE L ouT) |9
b b

VDSL

% port

ZypsL r
DC

Decoupling

Impedance
Analyzer

Figure 27: Test set-up for impedance comparison measurements

ETSI



Test parameters:

34 ETSI TR 101 953-2-1 V1.1.1 (2003-12)

Table 41

Parameter

Value

Frequency of the test signal Us

frequency range 1: 50 Hz to 4 kHz
frequency range 2: 4 kHz to 12 MHz

Termination at VDSL port

ZypsL (see note 1)

Feeding voltage Ug 100 Vv
Feeding current I 13 mA
80 mA
(see note 2)
Impedances to be measured Z1
Z2

Polarity of feeding voltage/current

normal (the polarity of the feeding voltage must not be changed between two
measurements (Z1 and Z2) which belong together).

NOTE 1: Currently there are some tendencies to change the VDSL termination impedance. This could also have an
effect to the further impedances and resistors given in this figure. It is highly recommended to carefully check
the actual values with the then-current TS 101 952-2-1 [2] or its succeeding document when performing the

tests.

NOTE 2: The feeding current is to be adjusted by varying Rpc.

Test matrix:
Table 42
TS 101 952-2-1 [2] Essential tests Optional tests
Frequency range of the test signal Ug:
50 Hz to 4 kHz — X — X
4 kHz to 12 MHz X X —
Impedance combination 1 — X — X
Impedance combination 2 X ] X —]
Feeding voltage Ug: 100 V — X — — X —
Feeding current I 13 mA X ] X ]
Feeding current I.. 80 mA X X
Polarity of feeding voltage: normal — X — L X —
Impedance to be measured: Z1 (a-wire) L— X — L X —
Impedance to be measured: Z2 (b-wire) X X
Termination at VDSL port: Z,ng X X
Number of tests 4 tests 4 tests

Test procedure notes:

NOTE 1. Until arelated requirement isformulated by ETSI AT thistest case shall be seen as an optional test.

NOTE 2: Itisrequired that the current in a-wire and b-wire are equal with respect to their level asthere might be a
common mode choke implemented in the splitter.

NOTE 3: When using a DC decoupling at the impedance analyzer the impact of that decoupling over frequency
need to be compensated before performing any impedance measurement at the splitter.

Test results:

Resistance and phase of the two branch impedances shall be recorded. Aslong asthere is no exact definition in
TS 101 952-2-1 [2] or its succeeding document the two impedances should be compared graphically.
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The following formula gives a measure to compare the measured i mpedance with the LCTL result this would mean
when testing according to I TU-T Recommendation O.9 [7] and test case 6.7.1 of the present document. However, the
accuracy of the impedance measurement must be carefully considered when entering this formula. Thisformulais for
information an non-mandatory use. Under no circumstances it shall be seen as adecision of AT-aon arelated splitter
requirement.

unbalance = 20 log ((Z1+2R) x (Z2+2R)/(R x (Z1-Z2)))
where;
. Z1 isthe impedance measured at the a-wire.
. Z2 isthe impedance measured at the b-wire.

. R isthe terminating impedance R as shown is figure 26 of clause 6.7.1 (R = 300 Q for frequency range 1 and
R =1/2 x (resistive part of ZVDSL at high frequencies) for frequency range 2).

M easuring Notes:
See general notes.

NOTE: Itisrecognized that thereisarisk of a high degree of measurement uncertainty in both the old and
proposed alternative test methods especially at high frequencies. Further study is recommended in this
area.

6.8 Tests for VDSL band requirements

6.8.1 Tests for On-hook loss for VDSL over POTS splitters

Table 43
Test case name: On-hook loss for VDSL over POTS splitters
Reference: TS 101 952-2-1 [2], clause 6.9.1
Test purpose: To evaluate the on-hook loss (voltage drop) of the splitter from LINE to POTS for signals
in the VDSL frequency range
Test configuration: See Test Set-up; DUT not configured
Test set-up:
Zsource ZLoad

Feeding | —LiE Splitter |-E9IS Holding 4
@: Bridge | (buT) [P, Circuit |_So™ lUZ
] VDS

Rr

ZvpsL

Figure 28: Test set-up for on-hook loss measurements
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Parameter

Value

Level of the test signal Ug

-6 dBVemf provided at LINE port

Frequency range of the test signal |fL ... 12 MHz

Feeding voltage Ug 50 VvDC
Feeding current I 0,4 mA
2,5 mA

(see note)

Polarity of current I Alternating

Load impedance Z| ;g ZoN

Termination at VDSL port ZypsL

DC resistance RDC

Rpc shall be adjusted to meet the 0,4 mA to 2,5 mA requirement
Rpc = 20 kQ to 125 kQ

NOTE:  The values of I are set by adjusting the values of the external circuitry as well as the DC load resistor (Ug, Rg
and Rpe).
Test matrix:
Table 45
TS 101 952-2-1 [2] Essential tests Optional tests
Level of test signal Ug: -6 dBV emf X X
Impedance combinations
combination 1: X X
(Zload = ZON’ VDSL pOI‘t = ZVDSL)
Feeding voltage Ug: 50 VDC X X
Feeding current Ig: 0,4 mA X X
Feeding current Ig: 2,5 mA X X
Polarity of the DC feeding alternating alternating
Load impedance: Zqy X X
Termination at VDSL port: Zypg. X X
Number of tests 2 tests 2 tests

Test Procedur e Notes:

Test Result:

The test result shall meet the requirement of TS 101 952, figure 14. The graph givenin TS 101 952-2-1 [2] does not
clearly specify the dimensions, further clarification required. A reasonable assumption is that the x-axis carries a
logarithmic scaling for the frequency and the y-axis carries alinear scaling for the output voltage in dBV (meaning a

logarithmic scaling for the output voltage in V).

M easuring Notes:

NOTE 1: The reduction of line feeding currentsto just 0,4 mA and 2,5 mA has shown to be appropriate as no
significant differences were evident between the various current results.

NOTE 2: Positive and negative feed voltages produced no significant differencesin on-hook loss results. However,
it is suggested that the positive / negative aspect of the test should still be present. Consequently, it is
recommended that the results are measured with half of the tests performed with +50 V and the remaining
half performed with -50 V (alternating polarity).

NOTE 3: The stability of the signal source over frequency need to be considered carefully when performing this
tests. If the variation of the signal source voltage istoo high over frequency a single step measurement is
recommended, where the signal source voltage is adjusted to the specified value at each measurement

step.
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NOTE 4: Commonly available feeding bridges and holding circuits seem to be appropriate for performing this test,
however, special care needsto be taken at higher frequencies (see also note 3).

6.8.2

Tests for Off-hook isolation

Table 46

Test case name:

Off-hook isolation

Reference:

TS 101 952-2-1 [2], clause 6.9.2

Test purpose:

To evaluate the isolation of the POTS port to VDSL signals and vice versa in the upper
frequency range, when POTS is off-hook

Test configuration:

See Test Set-up; DUT not configured

Test set-up:
Zsource Z\oad
Feedin LINE POIS Holdin
. 9 port port - . g Sond Ul
Us Bridge . Circuit
Signal I_:_' Level
source Roc meter
Zsource Z\ oad
Feeding | LNE Splitter 58}3 Holding [
Us i (DUT) Circuit | S u2
Signal VDS L:_' Level
source port Roo meter
Zyps.

Figure 29: Test set-up for Isolation testing on a splitter from LINE port to POTS port

.|

Level
meter

g

Level
meter

Signal

dge [ G IS
Feeding ;C'?’;:E Splitter ng}s Holding
Bridge . (DUT) . Circuit
=] =

Zyps.

z Source

g

Signal
source

YA Source

o

Signal
source

Figure 30: Test set-up for Isolation testing on a splitter from POTS port to LINE port
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u1 Holding e LINE | Feeding |
ieli Circuit . Bridge — |
e
meter ! 100 nF 100 nF
Rpc : (see Note) (see Note)
1
|
! Zvp
100 Q
] :
Signa
source
<—
Us
L Holding |—7grs Splitter LNE | Feeding
ZrHF | Circuit . (buT) © Bridge Zor
~ with blocking ~
Leva s capacitors
meter VDSL Ur
Roc U port ...
' e '
i 100 nF 100 nF ! Re
: (see Note) (see Note) :
1 1
i ZvDsL-2
1
! 1
| |
e
Signal
<——  source

NOTE: The figure is given for testing a splitter with two blocking capacitors of 120 nF included. In cases where no
blocking capacitors are implemented in the DUT, Zy,pg| .1 is to be applied.

Zypgy is likely to be changed in co-operation between ETSI AT and ETSI TM6. The values given above
reflect the current specification, however, when performing tests Zy,ng| .1 and Zypg .o shall be checked
carefully with the then-current TS 101 952-2-1 [2] or its succeeding document.

Figure 31: Test set-up for isolation testing on a splitter from VDSL port to POTS port
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Table 47
Parameter Value
Level of test signal Ug -6 dBV emf
Frequency range of test signal fL ... 12 MHz

Impedance combinations

combination 1 (used for LINE to POTS tests):
LINE (source): Zgyg: POTS (load): Zgye: VDSL: Zypg

combination 2 (used for POTS to LINE tests):
LINE (load): Zgyg: POTS (source): Zgyg: VDSL: Zypg.

combination 3: (used for VDSL to POTS tests):
LINE: Zgyg: POTS (load): Zgyp: VDSL (source): Zy,pg

(see note 1)

Feeding voltage Ug 50 Vpc
DC load resistance Rpc 470 Q
Feeding current I in 13 mA
off-hook state 80 mA

(see note 2)

NOTE 1: All source impedances shall be implemented symmetrically.
NOTE 2: These values of DC current are set by adjusting the values of the external circuitry (namely Uf, Rf).

Test matrix:
Table 48
TS 101 952-2-1 [2] Essential tests Optional tests
Level of test signal Ug: -6 dBV emf X X
Impedance combinations:
combination 1 X X
combination 2 X X
combination 3 X X
Feeding voltage Ug: 50 VDC X X
Feeding current I. 13 mA X X
Feeding current Ig: 80 mA X X
Polarity of the DC feeding alternating alternating
Number of tests 6 tests 6 tests

Test Procedur e Notes:

The source impedance Z g jrcg Shall be implemented in a symmetrical way.

Test Result:

The test result shall meet the requirement of TS 101 952, table 10 for an Option A splitter and table 11 for an Option B
splitter. The result shall be givenin a= 20 log (U1/U2) where U1 is the output voltage measured without splitter
connected to the set-up (see first figure for each set-up) and U2 is the observed voltage when the splitter isinserted in

the set-up.

M easuring Notes:

NOTE 1. The reduction of line feeding currentsto just 13 mA and 80 mA has shown to be appropriate as no
significant differences were evident between the various current results.

NOTE 2: Positive and negative feed voltages produced no significant differencesin on-hook loss results. However,
it is suggested that the positive / negative aspect of the test should still be present. Consequently, it is
recommended that the results are measured with half of the tests performed with +50 V and the remaining
half performed with -50 V (alternating polarity).
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When testing the VDSL to POT S isolation the following problem occurs. During the calibration
measurement the impedances at the POTS port and the LINE port would be seenin parallel asthereisno
isolation between LINE and POT S when no splitter is added. When the splitter is added, the blocking of
the low pass would de-couple these two impedances at higher frequencies. The calibration measurement
would therefore assume other relations than the measurement with splitter. Theoretically, it isthe POTS
impedance which needed to be disconnected (e.g. replaced by a high impedance). This however, would be
arather uncommon measurement, which would also be very different to a similar measurement which has
already been defined in the ADSL-over-ISDN case (see TR 101 953-1-3). It was decided to disconnect
the impedance at the LINE port instead during the calibration measurement.

Feeding bridge and holding circuit are expected to have an insertion loss which is higher than 1 dB at
higher frequencies. Therefore, feeding bridge and holding circuit are to be considered carefully before
entering the tests. An insertion loss of more than 1 dB is acceptable, aslong as the dynamic range of the
entire test set-up is appropriate to prove an isolation of 55 dB. The dynamic range shall be taken into
account when the assessment of the test resultsis done. It is recommended to have a margin of at least
20 dB between the dynamic range of the test set-up and the required isolation which isto be proved.

6.9 Tests for noise
6.9.1  Tests for audible noise level
Table 49
Test case name: Audible noise level
Reference: TS 101 952-2-1 [2], clause 6.10.1
Test purpose: To evaluate the unwanted noise signal which is produced in the splitter itself without any
other signals applied
Test configuration: See Test Set-up; DUT not configured
NOTE:  This test only applies, if the splitter under test does contain active elements.

No active splitter for the validation measurement could be supplied to STF248. However, it could be proven that the test
can be performed at reasonable effort. The required accuracy to asses a system under test according to the requirements
as stated in TS 101 952-2-1 [2] can be achieved.

Test set-up:
a a
Holding a
Feeding Bridge Circuit Signal E] Ull
b b b Zr.

/

Ur

Rbc

DC POTS
watey =
Re Ir

Figure 32: Test set-up for the verification of the test set-up self-noise
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a1 Splitter (DUT) 2 Holding
Feeding Bridge LINE POTS Circuit
b b
a | vDSL b DC
ZypsL Roc

Figure 33: Test set-up for noise measurements at the POTS port of splitters

U3

ag
[ ]

Feeding Bridge — e Splitter —e—— Holding _a
LINE (DUT) POTS Circuit Signal Zrpots
al vDSL b ai DC ’b
A/ |
ZypsL Roc
U R I

Figure 34: Test set-up for noise measurements at the LINE port of splitters

Test parameters:

Table 50
Parameter Value
Frequency range 300 Hz to 4 000 Hz
Termination at VDSL port ZypsL
Termination at LINE port: Z1 N |ZR
Termination at POTS port: Zt poT1s |ZR
Feeding voltage Ug 50 Vpe
Load resistance Rpc 470 Q in off-hook state
10 kQ in on-hook state
Feeding current Iz in 0,4 mA
on-hook state 2,5 mA
Feeding current I in 13 mA
off-hook state 80 mA
Ports to be tested LINE
POTS

Weighting of the measured noise |Psophometric
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Test matrix:
Table 51
TS 101 952-2-1 [2] Essential tests Optional tests
Frequency range: f| ... 12 MHz X X
Feeding voltage Ug: 50 VDC X X
Feeding current Ig. 0,4 mA — X X
Feeding current I. 2,5 mA X X
Feeding current Ig. 13 mA X X
Feeding current Iz. 80 mA X
Polarity of feeding voltage alternatimg— alternating—
DC load resistor: 470 Q X X
DC load resistor: 10 kQ X X
measured at LINE port X X
measured at POTS port X X
Weighting of the measured noise psophometric psophometric
Number of tests 8 tests 8 tests

Test procedure notes:

Before starting the measurements the test set-up shall be verified with respect to the noise present when having the DC
source as well as the holding circuit present in the set-up but not having connected the splitter under test. Measuring P1
as shown in the test set-up is an appropriate way to do so. The observed value for P1 (in dBmp) shall be at least 10 dB
lower than the value which is to be proven.

Test results:;

The test result shall be presented in dBmp, where P2 = (U,)%/Zg and P3 = (U3)?/Z is the power observed and weighted
psophometrically, when the splitter is connected as in the Test set-up.

M easuring Notes:

See general notes.

6.9.2 Tests for VDSL band noise level

Table 52
Test case name: VDSL band noise level
Reference: TS 101 952-2-1 [2], clause 6.10.2
Test purpose: To evaluate the unwanted noise signal which is produced in the splitter itself without any
other signals applied
Test configuration: See Test Set-up; DUT not configured

NOTE:  This test only applies, if the splitter under test does contain active elements.

No active splitter for the validation measurement could be supplied to STF 248. However, it could be proven that the
test can be performed at reasonable effort. The required accuracy to asses a system under test according to the
requirements as stated in TS 101 952-2-1 [2] can be achieved.
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Test set-up:

ZT—LINE

]
| I

Feeding ® ® Holding
Bridge Circuit Signal pll
@ @
T b ZT—POTS
a DC b

RDC

Figure 35: Verification of the test set-up

T-LINE

— Zr0ts

Feeding Bridge & —2@—— Holding

Splitter POTS | Circuit Signal H

(DUT)

a| VDSL | p al| bC | b

adaptation R
ZT-VDSL‘_:_‘ be
—>
UK]
ﬁg
[ ]
Feeding Bridge — ®  gpiitter | ® | Holding
LINE P POTS Circuit Signal Zr pots
el 2D e b
al. Vvhsl. b a DC b
A /| 0 adaptation R
DC

Z;.
Ue Re I Ii:'\:l T-vDSL

Figure 36: Test set up for noise testing in the VDSL band on a splitter at the xDSL port

ETSI



44 ETSI TR 101 953-2-1 V1.1.1 (2003-12)

U3
hg
[ ]
Feeding Bridge  E— Splitter —@——| Holding .
(DUT) POTS | Circuit Signal Zr.pots
b ) b
al. . vhsl. b ﬁi DC b
adaptation
il Roc

Z'I -VDSL

Figure 37: Test set up for noise testing in the VDSL band on a splitter at the LINE port

Test parameters:

Table 53

Parameter Value
Frequency range f..12 MHz
Termination at VDSL port: Zt.ypg |Zypsy (See note)

Termination at LINE port: Z1_| ,yg 100 Q (see note)
Termination at POTS port: Zt_ po1s |100 Q (See note)

Feeding voltage Ug 50 Vpc
Load resistance Rpc 470 Q in off-hook state
10 kQ in on-hook state
Feeding current I in 0,4 mA
on-hook state 2,5 mA
Feeding current I in 13 mA
off-hook state 80 mA
Ports to be tested LINE
VDSL

Resolution bandwidth of analyzer |10 kHz
NOTE:  The termination of ports in the parameters list as well as in the figures above are given on basis
of TS 101 952-2-1 [2]. Currently it is under investigation to change the VDSL termination
impedance which would also lead to a change in impedances of this test case. When
performing the tests of this clause the termination impedances should be checked carefully with
the then current TS 101 952-2-1 [2] or its succeeding document.
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Table 54
TS 101 952-2-1 [2] Essential tests Optional tests
Frequency range: f| ... 12 MHz X X
Feeding voltage Ug: 50 VDC X X
esolution bandwidth of analyzer: 10 kHz X X
Feeding current Ig. 0,4 mA — X X
Feeding current Ig. 2,5 mA X X
Feeding current Ig. 13 mA X X
Feeding current I. 80 mA X

Polarity of feeding voltage alternatimg— alternating—
DC load resistor: 470 Q X X
DC load resistor: 10 kQ X X
measured at LINE port X X
measured at VDSL port X X

Number of tests 8 tests 8 tests

NOTE:

The feeding bridge and holding circuit shall not only be considered with respect to their self-noise, but
also with respect to their insertion loss. As the noise produced by a splitter will be attenuated by the
feeding bridge's and the holding circuit's insertion loss, this attenuation has to be taken into account when
presenting the test result.

Test procedure notes:

Before starting the measurements the test set-up shall be verified with respect to the noise present when having the DC
source as well as the holding circuit present in the set-up but not having connected the splitter under test. Measuring P1
as shown in the test set-up is an appropriate way to do so. The observed value for P1 (in dBm/Hz) shall be at |east

10 dB lower
Test results:

Thetest resu
when the spl

than the value which is to be proven.

It shall be presented in dBm/Hz, where P2 = (U,)?/100 Q and P3 = (U3)%/100 Q is the power observed,
itter is connected as in the Test set-up. Note that if the specification for Z,,hg ischanged also the 100 Q in

the aforementioned formulas are likely to be changed.

M easuring Notes:

When testing with a selective power measurement method, at least 120 measuring points should be selected over the
frequency band. When testing with a frequency sweep mode, one needs to carefully take into account of the choice of
resolution bandwidth, video bandwidth and frequency range when defining the sweep time.

The adaptation that is given in figures of the test set-up for this clause should be as follows:

NOTE:

o | | O
This port to be 100 nF
connected with Splitter This port to be
Port/Holding Circuit 0,47 connected with Z, g
o | | | o
100 nF

This adaptation circuit is based on the specification for Zy,pg of the current TS 101 952-2-1 [2]. Currently

it is under investigation to change the VDSL termination impedance which would also lead to a change in
the components of this adaptation. When performing the tests of this clause the termination impedances
should be checked carefully with the then current TS 101 952-2-1 [2] or its succeeding document.

Figure 38: Adaptation circuit
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See also general notes.
6.10 Tests for distortion

6.10.1 Tests for POTS band intermodulation distortion

Table 55
Test case name: POTS band intermodulation distortion
Reference: TS 101 952-2-1 [2], clause 6.11.1
Test purpose: To evaluate the unwanted POTS signal distortion caused by intermodulation effects in the
splitter
Test configuration: See Test Set-up; DUT not configured
Test set-up:
Z urce .
0 HOIdIng ZLoad
Feedl ng LINE Splitter POTS Circuit Band
lUs Bridge T | (DUT)  [Por ol Filter lUl
Signal Noise
Source Level
4 tone meter
ZypsL Roc

Figure 39: Test set-up for measuring POTS band intermodulation distortion

Test parameters:

Table 56
Parameter Value
Level of the 4 tone POTS test signal Us -9 dBV into Zp according to ITU-T Recommendation O.42 [8]

Feeding current I 13 mA
80 mA
(see note)

Source impedance Zgg ;rce Zg
Load impedance Z| ,.q Zg with filters: 1 900 Hz, 520 Hz and 2 240 Hz
VDSL termination ZypsL

NOTE:  The values of I are set by adjusting the values of the external circuitry (Ug, R and Rpe).

Test matrix:
Table 57
TS 101 952-2-1 [2] Essential tests Optional tests
Level of the 4 tone POTS signal Ug: -9 X X
dBvV

Feeding voltage Ug. 50 VDC X X
Feeding current Ig. 13 mA X X
Feeding current Iz. 80 mA X X

Polarity of feeding voltage alternating alternating

Number of tests 2 tests 2 tests
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Test procedure notes

NOTE 1

Test results:

In comparison to the related ADSL -over-POTS test case (see TR 101 953-1-1 [4]) this test does not
contain an XDSL upstream or downstream signal representation. Reason for thisis, that

TS 101 952-2-1 [2] currently does not require such asignal. However, TS 101 952-2-1 [2] states that a
methodology to test in the presence of aVDSL signal is currently under study. STF248 has performed
such a study and has come to the conclusion, that adding a VDSL signal does not lead to a significantly
changed test result as long as passive splitters or passive splitters with current/voltage detection are
concerned. Intermodulation of these splittersis mainly caused by the saturation of inductive components.
Usually splitters are laid out not to get into saturation at the specified DC currents. Furthermore, usually
there is a certain gap between the highest specified DC current and the minimum saturation current. The
additional load by the VDSL signal isthat small that the effect of it is falling into usually achievable
measuring tolerances. Active components in splitters may cause intermodul ation independently of the DC
loading. Consequently, for active splitters atest with VDSL signal provision should be kept under study.

Table 58

Order of harmonic distortion Maximum Intermodulation product (dB)
Second order harmonic distortion
Third order harmonic distortion

M easuring Notes:

NOTE 2:

To evaluate 3 order distortion, the total power due to the six 3™ order intermodulation productsin a
narrow band centred at 1,9 kHz is measured and expressed in dB below the received signal. For 2™ order
distortion, the power due to the four 2" order intermodulation productsin a narrow band centred at

520 Hz and the power nominally due to the four 2"d order intermodulation products in a narrow band
centred at 2 240 Hz are also measured. These two 29 order distortion product powers are then averaged
and the result expressed in dB below the received signal.

See also general notes.

6.11  Tests for signal delay Impacts
6.11.1 Tests for group delay distortion
Table 59
Test case name: Group delay distortion
Reference: TS 101 952-2-1 [2], clause 6.12
Test purpose: To measure the increase in group delay distortion in the POTS band caused by the splitter
with VDSL load, relative to the lowest measured delay without the splitter, when tested
with the test parameters as given in the related standards
Test configuration: See Test Set-up; DUT not configured
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Test set-up:
: Group
Sgnd | | Feeding | UNe_al| splitter |2 ors| Holding Delay
Source | | Bridge |°™ (DUT) Circuit Meter
Zsource b b ZIoad
VDSL
port
Roc
ZVDSL

Figure 40: Test set-up for group delay distortion measurements

Test parameters:

Table 60
Parameter Value
Level of the test signal -10 dBV
Feeding current I 13 mA
80 mA
(see note)

Source impedance Zgg ;rce

Balanced 600 Q resistive (test 1)

ZR (test 2)
Load impedance Z; o,g Balanced 600 Q resistive (test 1)
ZR (test 2)
Termination at VDSL port ZypsL

NOTE:  The values of I are set by adjusting the values of the external circuitry (Ug, Rg and Rpe).
Test matrix:
Table 61
TS 101 952-2-1 [2] Essential tests Optional tests
Level of the test signal: -10 dBV X X
Feeding voltage Ug: 50 VDC X X
Feeding current Ig: 13 mA X X
Feeding current I. 80 mA X X
Polarity of feeding voltage alternating alternating
Source impedance: 600 Q X X
Source impedance: Zp ’7 X X
Load impedance: 600 Q x| X |
Load impedance: Zg X X
Number of tests 4 tests 4 tests

Test Procedur e Notes:

GDD; formulais as follows:

GDD, =GD, -GD, .

where;
GDD; isthe Group Delay Distortion at frequency f.
GD,¢ isthe normalized Group Delay at frequency f.
GD

min

ETSI
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M easuring notes.

For each test case, the normalized group delay isto be obtained by subtracting the group delay values without the
splitter from the group delay values with the splitter at each measured frequency point:

GD, =GD4 —GD,,
where;
GD,; isnormalized Group Delay at frequency f.
GDg ismeasuref Group Delay at frequency f with splitter in circuit.
GDy  ismeasured Group Delay at frequency f without splitter in circuit.

NOTE: It was noted that the requirement states that the increase in group delay distortion caused by the splitter
must be less than 200 psto 250 ps. This seems excessively large. In practice the increase in GDD
indicated resultsin the order of 40 pus worst case (lower frequency range).

6.12  Tests for requirements related to POTS effects

6.12.1 Tests for requirements related to POTS transient effects

Table 62
Test case name: Requirements related to POTS transient effects
Reference: TS 101 952-2-1 [2], clause 6.13
Test purpose: To measure the increase in group delay distortion in the POTS band caused by the splitter

with VDSL load, relative to the lowest measured delay without the splitter, when tested
with the test parameters as given in the related standards

Test configuration: See Test Set-up; DUT not configured
Test set-up:
r———" "~~~ - a
1 000 Ohm | Device under Test I
— +—0 Oﬁ
SO?Jsce | Line POTS | S
1 000 Ohm | port port | 1
(48 V) L T O O_?
I I
I I
I I
Q |
7 |VDSL I
VDSL | port |
I
VDSL load L ——————
Splitter unit
|
| .
5,6 nF Ohm 47mH -, i Oscilloscope
| 1000 L
5,6 nFll

Figure 41: Test Set-up for investigating POTS transient effects
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Test parameters:

Table 63
Parameter Value
S1 transition time <2uys
Termination at VDSL port ZypsL in parallel to additional components as given in the set-up
Feeding Voltage Ug 48 VDC (see note)

Type of transient S1 from closed to open

S1 from open to closed
NOTE: The feeding voltage should be provided via a DC source not containing high inductances (as for
instance feeding bridges).

Test matrix:
Table 64
TS 101 952-2-1 [2] Essential tests Optional tests

S1 transition time < 2 ys X X

Feeding voltage Ug: 48 VDC X X

S1 transition from open to closed X X

S1 transition from closed to open X X

Peak voltage measurement X X

Main lobe frequency (resonance) X X

Number of tests 4 tests 4 tests

Test Procedure Notes:
NOTE 1: A possible implementation of the switch S1 can be found in TR 101 728 [6].

NOTE 2: The feeding voltage should be provided viaa DC source not containing high inductances (as for instance
feeding bridges) as an inductance in the DC source would significantly change the test resullt.

Test results:
Test results should be given in two ways.
. The maximum peak voltage of V1 should be giveninV.

. The frequency of the main lobe of the Fourier Transform of V1 (resonance frequency) should be given in kHz.

Table 65
maximum peak main lobe of Fourier
voltage V1 (Vpp) transformed V1 (kHz)

S1 transient from open to closed
S1 transient form closed to open

M easurement notes:
See general notes.

NOTE 3: During the validation work of STF 248 it could be found that proper working VVDSL -over-POTS splitters
do provide a resonance frequency higher than the specified one. It could not be proven why the specified
resonance frequency was selected at 15 kHz. One outcome of STF 248 validation work was to inform AT
about this aspect and to ask for re-considering the requirement.
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