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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY ASPECTS FOR XDSL SIGNALS ON CIRCUITS
CONNECTED TO TELECOMMUNICATION NETWORKS
(DSL: DIGITAL SUBSCRIBER LINE)

FOREWORD
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» the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

» the subject is still under technical development, or where, for any other reason, there is
the future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC-TS 62367, which is a technical specification, has been prepared by IEC technical
committee 108: Safety of electronic equipment within the field of audio/video, information
technology and communication technology.

This technical specification is a pre-standard publication which may be updated in the future
as an International Standard.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
108/61/DTS 108/90/RVC

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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tranpsformed into an International Standard;
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INTRODUCTION

xDSL signals are high-speed telecommunication signals that may be present on a
telecommunication line, together with:

— analogue PSTN (Public Switched Telephone Network);

— ISDN (Integrated Services Digital Network) signals; or

- ad

.c. power-feeding component.

An xDSL signal is characterised by an amplitude of the order of 3 V r.m.s. with superimposed

spikes

When
the lim
short d

There

having very short duration (about 1 us) and peak values not exceeding 30 V.

tombined with other services as above, the peak voltage can very occasionally
ts for a TNV-3 CIRCUIT. However the excursions above these limits consist of the
uration spikes.

hre no published documents from IEC on the effect of such spikesyoh the huma

but experience with xDSL is that the safety risk, if any, is very small because of:

— the
— the

low power of the spikes; and

limited accessibility of TNV circuits.

The anpplitude and probability of the spikes have been calculated as follows:

— am

blitude up to 15V/1us with a probability of J@ccurrence of one every few secd

evdry few minutes;

— am
— am

Annex

blitude up to 20V/1us with a probability.ef occurrence of one every few hours;
blitude up to 27V/1us with a probability of occurrence of one every few years.

A gives more detail on the operation of xDSL telecommunication systems.

exceed
e very
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SAFETY ASPECTS FOR XDSL SIGNALS ON CIRCUITS

CONNECTED TO TELECOMMUNICATION NETWORKS
(DSL: DIGITAL SUBSCRIBER LINE)

ope

This technical specification addresses the safety implications of having xDSL signals on
circuits in equipment connected to a TELECOMMUNICATION NETWORK, and gives rules for dealing

with su

ch equipment in the context of the IEC 60950 series.

2 Nd

The fo
For daf

of the feferenced document (including any amendments) applies.

IEC 60

rmative references

lowing referenced documents are indispensable for the applicationyeb this doqument.
ed references, only the edition cited applies. For undated references; the latest|edition

D50 (all parts), Information technology equipment — Safety

IEC 60950-1 (all parts), Information technology equipment — Safety — Part 1: General

require

3 Terms and definitions, and abbreviations

For the

following abbreviations apply.

ADSL
CF
CO
CPE
DMT
DSL
HDSL
IEC
ISDN

iments

purposes of this document, the terms:.and definitions in the IEC 60950 series @nd the

Asymmetric Digital Subscriber Line
Crest Factor

Central Office

Customer Premises Equipment
Discrete MultiTone

Digital Subscriber Line

High-Speed Digital Subscriber Line

International Electrotechnical Commission

Integrated Services Digital Network

ITU
ITU-T
NT
PAR
PSTN
QAM
RSS
SDSL
TNV
VDSL

International Telecommunication Union
Telecommunication Standardization Sector of ITU
Network Termination

Peak to Average Ratio

Public Switched Telephone Network

Quadrature Amplitude Modulation

Remote Signal Source

Symmetric Digital Subscriber Line
Telecommunication Network Voltage

Very-high-bit-rate Digital Subscriber Line
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4 xDSL signals on circuits connected to telecommunication networks

Based on the information presented in Annex A, it is recommended that for equipment within
the scope of the IEC 60950 series of standards, the following rules be applied for xDSL
signals on circuits connected to telecommunication networks.

Rule 1: Circuits carrying xDSL signals are classified as either TNV-1 CIRCUITS or TNV-3
CIRCUITS, depending on the normal operating voltage of the circuit.

Rule 2: When

a ass aoina tha voaltao~nnc 1n Aleai o ~opey )
SO gt e v oTtagC o o Curto—Cart y T

of IEC 60950-1, and when
b) determining the WORKING VOLTAGE of insulation in accordance with the IEC 60950 seqries,

NSl _cianale aith racnaos + to tha o 2 3 1
Do STgTarS—w it o op T tTtO— e to—t 9.

the voltage of xDSL signals is regarded as zero and has no impact on the classification of the
circuitd.
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Annex A
(informative)

xDSL telecommunication systems

Introduction

This annex describes the structure of xDSL signals, and explains why it is considered that

there is

xDSL
(Asymi
DSL),

no shock hazard associated with xDSL signals.

s a general expression for high-speed telecommunication signals s@ch’ as
hetric Digital Subscriber Line), VDSL (Very-high-bit-rate DSL), HDSL {(High-
SDSL (Symmetric DSL), etc. (see Figure A.1). xDSL signals are generally tran

betwegn the CO (Central Office) or RSS (Remote Signal Sources, such as repeatq

ADSL
Speed-
smitted

rs and

optical[network units in street cabinets) and the CPE (customer premises equipment)| These
signals| are transmitted over existing wires and cables. ADSL and “VDSL signals may be
transmjtted in combination with existing telephone services such @s PSTN and ISDN. In other
cases fhe telecommunication line only carries the xDSL signal.fegether with d.c. to poywer the
CPE frpm the CO.
CcoO c_’r RSS g——— Access network ———— P CPE
Equipment
CO or 1Tt S P CPE End
RSSEnd [ ioPiter | [Hine Toop | i SPliteri— moden
modgm | T B os. | | _
Digital {PSTN- | i PSTN- igital
port E /ISDN ! 1 /ISDN : port
L___oort___| it---port.__2
TTBSTNL] SBNNT o
i /ISDN- i telephone ;
L Sline
IEC] 029/04

Figure A.1 — Typical configuration of an xDSL system

A.2

General description

An xDSL signal consists of an a.c. waveform with complex amplitude and frequency behaviour
due to the use of special modulation techniques. Although xDSL signals are functional
communication signals within a broadband frequency spectrum, their appearance on an
oscilloscope is like “white-noise”, for example, a small average or r.m.s. value with occasional

spikes

(see Figure A.2).
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VDSL transmission

r.m.s. value
equals 1

-2
-3
—4 :
i i i i i 1 i
6 400 6 600 6 800 7 000 7 200 7 400 7 600
Time ps IEC 430/04

Figure A.2 — Typical xDSL (VDSL) signal in the time-domain

The magnitude of an xDSL signal is defined insthe relevant functional standard by it$ mean
power |nto a resistive load, within a specified:frequency band. This mean power, in dBm, can
be expressed as a well defined r.m.s. voltage value, in general in the order of a few vplts. Of
all  xIDSL signals, the worst cas€5 value, for ADSL combined with | PSTN
(ITU-T [Recommendation G.992.1- Annex A), is 20,4 dBm into 100 Q or 3,31 Vr.m.s| in the
downsfream direction (from CO to '€PE), and 12,5 dBm into 100 Q or 1,33 Vr.m.s|in the
upstream direction (from CPE to COQ).

The pejk voltage however can be higher and depends on:

— peak-to average ratie(PAR) or crest factor (CF);
— CF|distribution;

— read| line-termjnation impedance, which is not purely resistive.

In A.3 &and A.4 below, an explanation is given to show that:

il £ 1l 1 Li - L e (] (]
- the vdiutc UI'tie pedak vuItlayce 1s mimeu dairtd

— the higher the value of the peak voltage, the lower probability of its occurrence.

A.3 Peak-to average ratio and CF

As the name indicates, the PAR of a symbol is the ratio of the maximum instantaneous power
in the symbol to the average power. Without giving detailed information about a symbol, it is
an indication for the occurrence of peaks in that symbol.

A large PAR value indicates that somewhere in the signal at least one sample takes on a
(power) value that is large with respect to the average sample power. A small PAR value on
the other hand indicates that the symbol varies evenly around the average power, without
making any large excursions.
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The CF is mostly used in standardization documents instead of the PAR. The CF is defined as
the square root of the PAR (or half the PAR when the value is expressed in dB). In practice,
ADSL systems are designed to cope with a CF of about 5 to 6. The probability of peak
voltages above a certain threshold can be estimated by using the CF distribution. The relation
is given by:

vV =CFxV

peak — r.m.s.

Since the CF is stochastic in the xDSL multi-carrier modulation, the same will be true for the
peak voltage of the signal (evaluated over a limited period of time).

m and
al can
theorefically go up to 27,8 Vpeak, with a CF of 6. However, this peak voltage has only| a very

low prgbability of occurrence.

A.4 |CF distribution

Figure ]A.3 shows the CF distribution of xDSL signals using  two different modulation
techniques, namely a Quadrature Amplitude Modulation (QAM) and a multi-carrier Discrete
MultiTgne (DMT). The figure is based on a Gaussian distribution and shows the felation
betwedn the probability (value in y-axis) that an xDSL signal-has a CF larger than x (Jalue in
x--axis). The simulation was done with a non-resistive Jiné impedance termination and| shows
a simulation for 24, 256 and 4 096 carriers or tones.

The figure shows that, if the number of carriers_increases in a multi carrier DMT system, the
probabjlity that a signal with a higher CF occurss more likely. However, differences between
DMT apd single carrier modulation are minimat.

As an ¢xample, the probability that the ‘voltage value of a sample of the xDSL signal exceeds
6 timeq the r.m.s. value is about 10-8.for DMT (256 tones).

It mus{ also be remarked that for a lower number of carriers, the upper limit is looger (for
example, for 24 carriers, Figure A.3 gives an overestimation of the probability).

Figure |A.4 shows theclower limit on the inter-arrival time (in seconds) of a symbol with a CF
larger than x. The relation between Figure A.3 and Figure A.4 is determined by the sample
rate of|the symbgl that equals 4 kHz. Again, for 24 carriers, the inter-arrival time of the lower
limit is [much worse than the inter-arrival time in reality.

In gengral,it'can be concluded that the CF will be higher if the number of carriers incfeases.
This anbgr of carriers may be different for each type of xDSL and the actual operating

conditions.

In the determination of the peak voltage, one must consider the combination of the CF and
the r.m.s. voltage value, which is different for each type of xDSL.
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