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FOREWORD

The text of document 12E(C0)146, as prepared by subcommittee 12E:
Radio relay and fixed satellite communication systems, of IEC
technical committee 12: Radiocommunications, was submitted to the
IEC-CENELEC parallel vote in November 1991.

The reference document was approved by CENELEC as EN 60835-2-8 on
6 July 1993.
The following dates were fixed:

- latest date of publication of
an identical national standard (dop) 1994-07-01

- latest date of withdrawal of
conflicting national standards (dow) 1994-07-01

ENDORSEMENT [NOTICE

The text of the International Standard IEC 835-<2-8:1993 was approved
by CENELEC as a European Standard without any modification.



NORME CEl
INTERNATIONALE IEC

INTERNATIONAL 60835-2-8
STAN DARD Premiére édition

First edition
1993-05

Méthodes de mesure applicables au matériel
utilisé pour les systémes de transmission
numérique en hyperfréquence

Partie 2:

Mesurées‘applicables aux fais¢éaux hertziens
terrestres

Section 8: Egaliseur auto-adaptatif

Methods of measurement for equipment used in
digital microwave radio transmission systems

Part 2:
Measurements on terrestrial radio-relay systems
Section 8: Adaptive equalizer

© IEC 1993 Droits de reproduction réservés — Copyright - all rights reserved

Aucune partie de cette publication ne peut étre reproduite ni  No part of this publication may be reproduced or utilized in
utilisée sous quelque forme que ce soit et par aucun any form or by any means, electronic or mechanical,
procédé, électronique ou mécanique, y compris la photo- including photocopying and microfilm, without permission in
copie et les microfilms, sans I'accord écrit de I'éditeur. writing from the publisher.

International Electrotechnical Commission 3, rue de Varembé Geneva, Switzeriand
Telefax: +41 22 919 0300 e-mail: inmail@iec.ch IEC web site http: //www.iec.ch

CODE PRIX R

Commission Electrotechnique Internationale
PRICE CODE

International Electrotechnical Commission
MenayHapoaHan 3nektporexHuueckan Homuceua Pour prix, voir catalogue en vigueur
o For price, see current catalogue




835-2-8 © IEC:1993 -3-

CONTENTS

Page

FOREWORD ...ttt e se et s st e s er e e et st st sstemeaeeeeneeneemen e et eeeneene 7
Clause

T S0P ettt e er e s e et se et et eaee st st st e st emee e nneneeeenn 9

2 GBNETAI ...ttt ettt s et nsehe s sentere st eaennem e ennaee 9

2.1 Frequency domain @QUANIZET ..........ccoouiiiiieiceeieieie et eeeeeeeeeeeee e e eeeeeee 11

22 Time domain @QUAKZET ......c.coceoieiiiieerteeeecce ettt et ese st aenas 11

2.3 Evaluation of system parameters influenced by the equalizers ...................... 13

3 OUtAQe SIGNATUTE ...ttt et aesesene s et emene et e eee 15

3.1 Definition and general considerations .............cocecveeecreeeeeieceeneeceeeeecre e 15

3.2  Measurement MEthod ...........cccocccirennieneieeereece ettt easa e 17

3.3 Presentation ofirestlts .. 4.l h A L L L L L L L e 19

3.4 Details to be Specified ..........cqnii ittt 19

4 RetUIM SIGNATUIE ..ottt ettt et s e ee e see s et esseeeaneeneeeemeemnean 19

4.1 Definition and general considerations .............c...oovereenveermesee e ees s eeeeeenes 19

4.2 Measurement MEtNOT (7.1 i tksinmre e 5n Penbas 22T reerressserssssssesssnesnsaenssessesnenan 21

4.3  Presentation Of FeSUIS ......c..coo ittt 21

4.4 Details 10 e SPECIIEd .....c.ooveieeeieeeeee et 21

5 Measurement of dynamic fading effects ........c.ccooeeieiieiiciceeeeee e 23

6 RECOVEIY HIME ..ottt ettt ee et e et e ea e e seasasnnsens 23

6.1 Definition and general considerations ..............cccoeeeioeeeeeccecere et 23

6.2 Measurement MEthOd ..ot ene e 23

6.3  Presentation Of reSUIS .......ccoiieiiiiieece e 25

6.4 Details 10 be SPECIfied .......ccoouiiriiieeeeeeee et 25

7 Additional MEASUIEMENES ........c.cccoueiiirriiriecenrerteee et sa s e s ene e e e s e ense e seneeene 25

7.1 Outage signature with flat fading ............ccooeeuererieeeeeeeeeeeece e 25

7.2 Outage signature with interfering adjacent channels ..............c.ccooeuvvvereennnnee.. 25



835-2-8 © IEC:1993 -5-

Page
Figures
1 Linear distortion and crosstalk in a QAM system caused by multipath fading...................... 27
2 Block diagram of a linear baseband €qQUAliZEr ...........coeeveeeeeeeeiccceeeee et 27
3 Basic arrangement for the measurement of SIGNATUMES ........ooveeeereeeceeeeeeeeeeeeeeeeeeeeeereeeeaes 29
4 Example of an outage SIgNAtUIe .......cccooiieeeeeieeieree et eeees s e eeeeeeeeeene 29
5 Example of an outage signature with possible unusual signature values................co.......... 31
6 Presentation of the signature, minimum phase and non-minimum phase, on the same
OFQINGLE SCAIE ...ttt ettt ee et et a st ae s ss e smssrsnseseseensesscaenann 31
7 Example of the return SIGNALUTE .......cccco it se et s e ee e se e aeeseenmee sonae 33
8 Arrangement for the measurement of recovery time ............ccoeevevveeeniecceeeececccr e eenenn 33
9 a) Bitsequence illustrating the definition of recovery time ..........ccoeuveeeeeeviceccvcevereeenene 35
b) Designation of normal’and-alarmeonditions ... e 35

ANNEX A — BIDHOGIAPRY ...ttt eaee e es e er v s et ees st seeseensansnenen 37



835-2-8 © IEC:1993 -7-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

METHODS OF MEASUREMENT FOR EQUIPMENT
USED IN DIGITAL MICROWAVE RADIO
TRANSMISSIONS SYSTEMS

Part 2: Measurements on terrestrial radio-relay systems
Section 8: Adaptive equalizer

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of the IEC is to
promote international cooperation on all questions concerning standardization in the electrical and
electronic fields. To this end and in addition to other activities, the IEC publishes International Standards.
Their preparation is entrusted to technical committees; any IEC National Committee interested in
the subject dealt with may participate in this preparatory work. International, governmental and
non-governmental organizations liaising with the IEC also participate in this preparation. The IEC
collaborates closely with the International Organization for Standardization (ISO) in accordance with
conditions determined by agreement.between, the-two organizations:

2) The formal decisions or agreements of the IEC on technical matters, prepared by technical committees on
which all the National Committees having. a special intérest theréin are represented, express, as nearly as
possible, an international consensus.of opinion ort the ‘subjects dealt ‘with.

3) They have the form of recommendations for international use published in the form of standards, technical
reports or guides and they are accepted by the! National Committees in that sense.

4) In order to promote international unification, IEC-National Committees undertake to apply |EC International
Standards transparently to the maximum'extent’ possible’in-their national and regional standards. Any
divergence between the IEC Standard and the corresponding nationai or regional standard shall be clearly
indicated in the latter. ’

This section of the International Standard IEC 835-2 has been prepared by sub-
committee 12E: Radio relay and fixed satellite communication systems, of IEC technical
committee 12: Radiocommunications.

The text of this standard is based on the following documents:

DIsS Report on Voting

12E(CO)146 12E(C0)157

Full information on the voting for the approval of this standard can be found in the report
on voting indicated in the above table.
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METHODS OF MEASUREMENT FOR EQUIPMENT
USED IN DIGITAL MICROWAVE RADIO
TRANSMISSIONS SYSTEMS

Part 2: Measurements on terrestrial radio-relay systems
Section 8: Adaptive equalizer

1 Scope

This section of IEC 835-2 deals with measurements pertaining to the adaptive equalizers
used in digital microwave radio-relay systems. These measurements are intended to
characterize the system equalizer in the presence of selective fading and may also be
performed on systems without adaptive equalizers.

To take account of those properties of the system which are especially influenced by the
use of frequency and/or time domain equalizers, the results of measurements performed
on the system are presented by so-called signatures. Additional measurements provide
further means to characterize the performance of the system.

2 General

The performance of a digital radio-relay clink-may)(be influenced by multipath pro-
pagation [1]*. This istespecially trueiinithe/ case of -high‘capacity’multi-state QAM systems.
In addition to reducing the received! signallevel)liie:-"flat fading”, multipath propagation
results in linear distortion, i.e. "dispersive fading", producing amplitude and phase
distortion. Multistate modulation systems are especially vuinerable to this form of fading
(see 835-2-4: Part 2: Measurements on terrestrial radio-relay systems - Section 4:
Transmitter/receiver (in preparation)).

For a system operating under multipath propagation conditions the vulnerability of the
time-variant channel to linear distortion is of utmost importance. In the majority of
high-capacity line-of-sight digital radio-relay systems, adaptive equalizers are used to
counteract "dispersive fading” in order to decrease outages.

The following types of equalizers are generally in use:

~ frequency-domain equalizers, which are mainly, but not necessarily, implemented
ati.f, and

- time-domain equalizers, which are mainly, but not necessarily, implemented at
baseband.

"

The figures in square brackets refer to annex A.
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2.1  Frequency domain equalizer

It is the purpose of a frequency domain equalizer to correct the power density spectrum of
the received signal, which, for example, can be analyzed with the aid of a bank of band-
pass filters. Since there is usually no major redundant information in the transmitted
signal, it is not possible to gain any information about the phase or group delay distortion
of the channel; only the attenuation distortion can be recognized properly.

In some cases, the equalization network is of the minimum-phase type where the phase
and magnitude responses are linked to each other via the Hilbert transform. If the channel
distortion is also of the minimum-phase type, then by equalizing the magnitude response
the phase response is equalized as well.

if the channel distortion is of the non-minimum phase type, for example in the case of two-
path propagation where the weaker signal arrives before the stronger signal at the
receiver site, the phase distortion may be increased and in some cases even doubled
when the attenuation is equalized. This is the basic shortcoming of such a frequency
domain equalizer.

Its main advantage, however, is that it will operate correctly, with certain limitations, with-
out any need for a recovered carrier signal (for synchronous demodulation), or for a recov-
ered timing signal (for making correct timing decisions). Therefore, in contrast to time
domain equalization systems, lock-in/lock-out properties need.not be.investigated.

2.2 Time domain equalizer

It is the purpose of a time domain equalizer to- achieve an intersymbol-interference-free
(ISl-free) pulse shape at the‘input of the decision circuitry, although the channel itself may
cause a considerable amount of ISI due to multipath propagation.

Basically, time domain equalizers optimize the eye-opening either in the worst-case
sense, i.e. by using the zero-forcing algorithm, or in the minimum-mean-square-error
(MMSE) sense, i.e. using the MMSE algorithm [2]. For proper operation, they require at
least a correctly recovered timing signal. On the other hand, it is possible for the carrier-
and timing-recovery circuits to take advantage of the operation of the equalizer by using
the already equalized signal for the control of these loops.

By looking at the pulse response of the channel, time domain equalizers are usually
capable of counteracting both minimum and non-minimum phase channel distortion.

In general, multipath propagation causes not only distortion in the I-I path and in the Q-Q
path but also cross-talk contamination between the quadrature signals in a QAM system,
(see figure 1). Therefore the time domain equalizer, if realized at baseband, shall have
equalizing circuits not only in the 1-I and Q-Q path, but also in the I-Q and Q-I path (see
figure 2).

if this equalizer is realized at i.f., only two equalization networks may be used and it may
be possible to have only two independent controls.
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2.3 Evaluation of system parameters influenced by the equalizers

To evaluate the properties of a radio-relay system with respect to selective fading the
important concept of the so-called signature is widely used. It is based on a two-path (two-
ray) propagation model [3]. Due to peculiarities which occur in connection with equalizers,
several variants of signature measurements are usually performed in addition to the basic
signature measurement given in IEC 835-2-4.

In IEC 835-2-4, the signature is defined as the locus in the relative echo-amplitude versus
notch offset-frequency plane or in the notch depth versus notch offset-frequency plane
along which the system shows a given state. For example this state is characterized
either by a specified bit-error ratio, BER, e.g. 10-3 or 10-€, or by "lock-in" or "lock-out"
conditions.

The relative echo-amplitude b is defined as the ratio of echo ray amplitude to direct ray
amplitude. The notch depth B is defined as follows:

B = -20 log (1-b) forb<1
B = -20 log (1-1/b) for b> 1

Note that the two-path delay difference has a fixed value for the signature measurement.

The calculation of the outage of a radio-relay system covers two main parts:

- channel statistics, and
- system properties:

The aim of the signature measurement is to characterize the system properties under
specific propagation conditions. The fixed 6.3 ns delay difference, used in the signature
measurement in accordance with [3], is not the average of a physical delay time, but only
a useful fitting parameter to match measured data and a numerical model. It is important
to note that a consistent use of this fixed value of delay difference is also the basis for
using the signature for system comparison.

The outage signature defined below is an important special case of the general signature
definition.

All subsequent measurements are taken on systems equipped with or without equalizers,
not on isolated equalizers.

To quantitatively evaluate system performance under selective fading, a two-path simul-
ator is inserted into the signal path. With the aid of this simulator and additional measuring
equipment the behaviour of the system under the following situations is evaluated by the
measurements described below:

- A slow increase of two-path distortion until outage occurs:

. measurement of the "outage" signature. (The term signature without further
specification, in common use until now, is defined hereinafter as outage signature.)
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