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FHARMONISATION OF 140 MBI'T/S DIGITAL RADIO RELAY SYSTEMS FOR OPERATION
BELOW 10 GHz UTILISING 64 QAM AT ABOUT 30 MH» SPACING

Recommendation proposcd by Waorking Group T/WEG 12 “Transmission and multiplexing™ (TM)

Tont af Recommcrndation adopred by 1he = Felecominumicd rions

Corirriission -

t INTRODUCTION

This Recommendation specilies harmonised parameters for digilal radio-relay systems with a channel

capacily of 140 Mbil/s designed to operate in defined bands below 10 GHz utilising approximately 30 MHx»

spacing between crosspolar chunnels. Sysiems using 64 QAM modulation are considercd to (ulfill this

réguircment.

Parameters specified fall into two categories

(2) Those that ure required to provide compatibility between channels from different sources of cquipment
on the same route, connccted cither to scparate antennas or to separate polarisations of the sume

antenni. This cutegory also includes parameters providing compatibility with the existing radio-relay
network.

(b) Parameters defining the transmission quality of the proposed systems.

The task of defining compatibility requirements with anulogue systems on the same hop is mude complex
by the fuct that analogue sysicms arc not harmonisced. Compatibility requirements are therefore limited to
allowing operation of digital und analogue channels on separate ports of the same antenna.

The harmonisation has been limited to specifying 119 and R1-
space diversity system specification. and antenna/fecder system requirements.
AN puarameters specified apply over the full range of environmental cond
(see Recommenduation T/TR 02-03)

Systern designs which comply with
(FEC) or Soft Dec

characteristics, limited bascband paramecters,

ions specified for the equipment

s _Recommendation may make use of Forward Error Correction
sion Techniques (SDDT) us u means to improve the bit error rutic characterists
not intended thut this Recommendation should siandardise on any particular type of FEC or
realisation. 1t is considered important, however, that facilities are provided to verify the performance
excluding the advantape of FEC or ST in order that these Lechnigues do not conceal any aspects of the
rudio system design which may have desradations with réspect to nominal performance. or any external
nfluences that may be present when the system is installed in an operational environment (e. g. intérmodula-
tion products in the antenna system, radar interferences ete ). Unless otherwise specificd, BRERs given in

this Recommendation apply in the case where error correction facilities and/or sofl decision techniques are
enubled.

APPLICATIONS

rhe systems considered should be acceptable for use in the portions of existing national networks which
aperate to high arade performunce standards. They should opernte in these networks having regard for
existing hop lengths, which are considercd Lo be normully up to about 60 km. Hop lengths greater than
this lenuth, up to about 100 km. ure uscd in special applications. An analysis of the expected perfarmance,
in therms of sevorely errored secands and depraded minules, of the system defined in this Recommencation
can be found in TR13 Report (88)1* part 1.
The system design must take account of interference arising from within the sysiem, from within the
network. and interforence from outside the network, Methods (o take account of this are given in

TM4 Report (88)1* part 2. and the related specifications in this Recommendation are based on these
methads!

The use of spacs

and/or frequency diversity (hoth in-band and cross-band) is generally considered to be
nccessary on lurge numbcrs of hops within existing networks. and the need fac provision., and other
performance Motors are discussed in Th4 Report (881 %, The clectrical requirements for antenna/fecder
Systems wure also specified in the Recommendation.
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6.1

6.2

7.

FREQUENCY BANDS AND CHANNEL ARRANGEMENTS
tte in the following frequency bands, 1o the specified CCIR Recommeoend:

The systems are required to ope
tion &n the quoted channel spacings.
4 GHz

Recommendation 382.3 with 29 MH> spacing (scc alse Recommendution 934). The centre gap between
transmitters and reccivers in Recammendation 382.3 is 68 Mz,

Tower 6 GIL

2 wilh 29.65 MIIx spucing and 4 centre gap of 44.45 MH>. 11 is recommended that

Recommendution 383.2
sed.

the alternative plun in which channcls § and 1 operate on opposite polarisations he uti

7 Gl
A number of frequency channelling pluns are in use at 7 GHx, including that given in Report 934 Anncx 5.
These plans all make use of 28 M1z channel spacing with céntre gaps of 56 MHz and &4 Mz,

& Grae

Recommendation 386.2 Annex | with 29.65 MHz spacing und o centre gup of 103.77 MHz.

TVPLE OF INSTALLATION
©Only indooc installation is considered necessary.

BLOCK DIAGRAM
The reference points are shown in Figure 1 (T/L 04-04). These poiats are reference points only and not
necessarily measurcement points.

GENERAL CHARACTERISTIC

Local Oscillator Ar
It is recommended for all bunds considered that the LO frequencics for both transmitters und reccivers
should be arcangzed so that for chunncls in 1he lower hulf of each half of the band the frequency is higher
than the channelussigned frequency., und for channels in the upper hall of cach half band the L.O (requoency
is lower than the channcl-assigned frequency.

nzement

Intermediate Frequency

An IF of 70 MH> is recommended.

TRANSMITTER CHARACTERISTICS

Output Power

Qutput powers in the range defined in the table below referenced to point B are recommended 1o be

avaitable. )

Range
and &
Clusn A Class 0
4 Gz
L& Grin 27 (e =31 ~ 20 10 3a
7 Gz
5 G1Is 26 to = 30 -~ 29 1o oa

are given in dBm, and include tolerances.
sent technology, it is considered that Class A oulput pOwers are achi
be required o provide the higher powers of Class 1B

Atl values

Nare, Using g
while a TWT mz

able using solid-state ampelifiers

A facility shall be available for reduction of transmit power in steps of no greater than 3 di down at lenst
to 20 dBm (o allow cqualizatlion of recaive levels.

Intercompatibility between cliss A transccivers and
heen taken into aceount.

Intereamputibility between clins A and o

intercompatibility between chiss B transceivees have

s 13 has oot been taken into acconnt,
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7.7

n

Output RF Spectrum
Nowemral Spoctrus: Aask

The three main factors considered in recommending a mask are as follows:

(2> Control of interference into analogue channels operiting on the adiacent channel allocation on the
opposite polarization.

(b) Control of interference jnto digital channels (rom a different manufuciurer operating on the adincent
channel allocation on the opposite polarization.

(e) Implementation of practical filtering.

Figure 2(a) (T/L 04-04) shows masks thut are specified for the freguency hands considered. referenced to

Point 137 with & PRBS of 2°'— 1 applied at the channel input.

The levels of interference produced in analogue chanaels operating on adjacent channel allocations

have been calculated for the specificd spectrum masks. The caleulation procedure is described  in

TMA Repori (8831 and rosults recorded in section 9.6, of this Recommendation.

Spectral Lives ar the Svoibol Rare

The power level of spectral lines

shall be kess (hun — 37 dBm.

These levels are specified 1o respect the — 70 dBmO requirement for adjacent analogue channels piven in

T™M4a Report (58)1, bused on the analogue channcl transmit power being 10 dB above that of the digital
transmiticr.

at a distance ftom the channel gentre frequency equul Lo the symbaol rate

Nask for Inpermosy Chanrels

in order to control ransmit/receive interference between the innermeost channels of the band. it is aecessary
1o define an additianal spectrum mask for the inner edgpe of 1he lrunsmilters operating in this part of the
band. i single antenna working is required.

Irdigital radio equipment (rom a different origin is used on each polarization of the sume
trunsmitters will be of o different manufacturer from the inner receivers.

10 i1 is not possible to directly measure the level of the spectrum over the spes
spectral density
spectrums mes

nicana. the inner

iticd range relative to the
at the channel centre, it is acceptable to calculate the effect of measured filicr response:
sured at their input.

For the L 6 GGHx bund, o mask is specified for the innernnost cdges of the transmitied spectrum referenced
to point B for the traasmitters of channels 8 and 17, 1his is shown in Figure 2(b) (T/L 04-04).

The parameters used in defining this specification are ns follows:

Inter Port Isolation (IP1) =
Brinching/Fccder Loss

When subjected to this interference. the chaanel concerned shall respect the BER vs recciver inpat Jevel
specification given in item 9.2,

Spurious Emissions

The levels of spurious enussions Irom the transmitter, reforenced Lo Point B, are specificd in relation to

the redquirements of cthe interference model given in TM4 Repart (88)1 part 2

In order 1o establish a reference measurement for the specification of spurious emissions from the tr
1er. & earricr wave (CW) signal shall be injected at the upeonverier input to produce a1 measured average

power at relercnee paint B cqual Lo the modulated inpul power. The specifications shall also upply when

2 normal modulated signul is applicd. The limits in the following tablc shall be respected far individual

spurious cmissions. These are based on consideration of sysiem opcrating with the FOHGwWing paramercr:
Outpul power of digital transmitter +30 dBm:

Quipul power of 1800 Ch analoguc (ransmitier 4 a0

- Narmul Recciver input level for digital and analogue channels — - 28 dBm.
Sourious Emission Frequen. Specification o
Relative 1o Ch Assigned Freg Limic hete
10O Freq — 60 dBm Tl into soalogue
470 M1z (oppositc 1o LOY — 90 dBm | Other half-band digital into digital
1140 ML v — 90 dBm | Oiher hali-band digital into digital
+ 30-45 nTL, = — 90 dBm | Within hulfbund digital inte analogue






[image: image4.png]&,

ERR

Radio Freguency Tolerance
Although it is not strictly ne
ix intonded o take accolnl of th

sy the radio frequency tolerance of the curricr. as section 7.0
" 30 pprn is specified.

v 1o spe
s, a figpure o

1S

RECEIVER CIHIARACTERIS

Tolerance

Local Oscillater Frequenc:

signated lrequency relitive to the

The variation between the recciver locul oscillutor frequency and the de
channel-assigned frequency shall be less than 4 30 ppm.

Recciver Image Rejoction
The receiver image rejection shull be preater than 100 dE2 for systems operating in the L 6 & 8 Gz bands

and greater thun 120 AR for sysiems operating in the 4 & 7 GHz bands

Re
The recciver protection of the inner edge of the inner channels has been speciliod with the objective of
limiting the power of the inner channal local transmitters fulling into the adjacent inner channgl receivor
at 4 dB below the receiver noise level. This objective is applicd assuniing that the inner chanmel tronemil
spectrum and specified reeciver protection mask are met with no mirgins. The resulting degradation of the
measured reccived signal level (RSLY)/BER curve due to the interference could be up 1o 2 d13. Takings aceoun
ol these considerations, the protection of the inner edge of the inner channels shall conform to {he mask
miven in Figure 3 (T/L 04-04).

In principle the receiver protection shall be defined as the sensitivity of the reeciver 1o w €W interfering sipnal
of wvariable frequency which produces a specific BER. referenced to point B of Figure | (17L O3-04).
Wanted/Interference (W/I) ratios should be normalised to produce a refercnce value of rera for o oo
frequency intericrel
In practice dircet measurement of receiver protection may produce insccurate results

ver Protection

Al Emissions

Spuricus Sig
The Collowing limits shull be respected for emissions wilhin the defined bands:
Emissions ul the receiver heterodyne frequency referred (o Point B:

7 CGH» band S 125 d3m;

Other hands — 110 dBr
Other em — 1320 dBm.

ons

Input Level Range

The following limits referenced to potnt 13 shall be respected.
() BER = 10 ' ut an input level of 17 dlzm
(1) BER = 107 ' aver the range of input levels of — 20 dBm to — 54 dBm

CRANSMITT.

R/RFECEIVER PERFORMANCE

Residual BER
The system shall operate under normal propagution conditions
which is in apreement with CCIR Recommenduation 634, This is a linear sub-divi
2500 km. which is an RBER of 5 2 10-7_

I'he RBER performance of the systeni. when measured under simulated operating conditions in the
Laborutory inaccordunce with 1TMa Report (88)1 part 2, should include allowances to ensure that (he dbove
fpure is met in field conditions.

A limit should be applied for background BLR below the quoted figure for RBER [or neceplance Lest
Purposes.

The maximum permitied number of crrors per simulated hop per 24-hour period for this
shall be 10 errors as measured ut the e oulpul port

In order to cnsure that any crrors counted are not due 10 environmental offocts outside the specificd ranpe
it may he necessury Lo discard cortain detected errors it they arc found 10 be due 16 such ctfee s, MAdditional
limits may have (S be specified to ke account of operution in the environmental conditions specified by
T2 for clectromuaenctic and electrostitic compatibilily.

Thix measurement shull be made under simulated operating conditions corresponding 160 normal propinu-
tion ata recciver input level in the range — 30 (0 — 35 dBm. Two adjuncent chunncl interferers shill be appliod
Tevel of 28 dBB bulaw the receiver input level and one co-chunncl inierferer a1 g level of  — 05 41301

inthe network with un RBER of =2 1 x to '
ision of the objective, for

acceptunce test

atq
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BER as a Function of Reecive Input Level

The specification is shown as curve AR in Figure 4 (T/L 04-04) and inctudes th.
duc (o the incorporation of forward crror correction (I'LC) or soft decision techni
design.

In order to cvaluate the performance without 1<
for each system r

cffect of any advantage
ues (SPT) in the system

< or ST it is necessury to know the coding adve
lisation for error ratios between 1.10-* and 1.10_°. This information can be obia
either by (u) disabling the offect of FEC or SDT or (b) by the use of informaution about the error ac
as detected by the FEC or SDT circuitry in the recciver 1o calculate the BER without FEC or SDT and
comparing this with the BER measurcd using a 257 _ ] PRBS tost signal transmitted between point T and
I, This should take into account any error multiplication arising from signal processing outside the FRC
or SDT block

A system which docs not incorporate FEC or SDT shall also comply with the curve shown as AR in Figure 4
(T/1. 04-04).

Complinnce with the above specitication is measured by attenuation of the wanted reccive signal together
with all adjucent co-polar channels in the common RF path before RE branching of local transmitters

and reccivers. 11 therefore takes account of system degradations us given in jtem 3.2 (1) of part 2 of
TM4 Report (88)1.

Inter

crence Sens

3%

The following limits are specificd:

(1) Co-ghunncl interference sensitivity shall respect the mask shown in Figure 5 (T/L 04-04) for BERs of
10 T and 10 °. The receive input level and S/1 rutio is referenced 1o point B.

(b) Sensitivity to interference from onc adjacent transmitter signal spaced at the appropriate cross-polur
channel spacing shall respect the appropriate mask of Figure 6 (T/I. 04-04). Three scales are given: one
applics 1o the 6 and 5 GITy bands. one 1o the 4 GHz band and onc to the 7 Gliz bund. These are
aecessary duc to the slightly different channel spacings used in ecuch bund. Reference points and
conditions are as in (1) abuove

(©) Co-channel CW interferenc: See item 9.6.2.

(<) 1800 channel adjacent chunnel interference sensitivily. See jtem 9.6

sersitivit,

Distortion Scnsitivi

This is specificd in the form of signatures using a two-paih fading simulator implemented cithor at RF or

1F (if a suitable measurement point is available at TF).

(1) The width and depth of the signuture measured for n delay of 6.3 ns and a BER of 10°* shall not + 16
MHzZ rclative to the channel-assipncd froquency and 14 dB respectively. This limit applies for both
minimum and non~minimum phase cases and whether the measurement is made with o nolch approach-
ing the sipaoture from the low BER condition or from the condition where recovered curricd is not
synchronised.

(b)) T'he width and depth of the signature for the conditions specified in (i) but ut i BER of 107 ° shall not
exceed + 20 MHz and 11 dB respectively.

(€) Tn real propas

v

on conditions notch centre frequency and wmplitude may vary with 1
natures discussed above are based upon stalic measurements und do not tést the ability of a4 receiver
to withstand this kind of variation. A number of mcthods for assessing signaturc response in dynimice
ally changing conditions are outlined in section 5 of TM4 Report (88)1 purt 1.

The sip-

Analoguce/Digital Compatibility
HAnalogue Systent Sensitiviey

When using analogue and digital systems an the same hop, aspects contained in TM4 Report (831, part 2
section S should be considered. The (ollowing table mives the predicted levels of interference that would be
experienced by un adjucent analogue channel at the approprinte channel spacing to a digital chunncl using
1he relevant spectrum masks of this Recommendation. 1t should be noted that these are calculated values
only. and additive clects may produce higher naise jevels than the quoted (igzures

e Qo
(MrELz (pWorn capacity
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The above values are derived in accoraance with secton > of T4 Report (38)1 and assume the analoguc
transmitter power is 10 dB abave the digital transmit power und assume that the analogue sipnal is
modulated.

The noise level produced in the uppropriate inner 1800 channel analogue channel of the L 6 Gz band by
the adjacent near end digital transmitter (e.g. 8-17) is caleulated to be typicully less than 10 pWop.
When considering spurious em . these arc limited on un individual basis (@ — 70 dBmO, and affected
channels of un adjacent analogue channel could thercfore experience interforence above the quoted Ggure
in the table.

A limit of — 51 dBmO has been used in caloulating Himits for spurious signals fulling outside the chuancl
bundwidth of affected analoguc chunncls under normal input level conditions lor the analogue channcel.
See 7.3

Dyigitat Svsrer Sensitiviin:

In the case of sensitivity of digital channels o adjucent anulogue channcl transmitted signuls a1 cither the
fur or near end of the hop, the effect on performance of the digital channcls is less severe relutive to the
effect of adjacent digital channels and therefore daes not require separate specilication.

PACE DIVERSITY SVSTEM

Differential Absolute D
11 must be possible to equalise up 1o a value of 75 ns.

ay Equalisation

Diversity System Performiance

No specification limils are proposed in this section, but the following purumeters and performunce crite

arc considered importiunt und should be evaluated:

(1) Response Time
The maximum speed of operution of the combiner in degrees/second should be examined. This can be
verificd by applying a constant phasc variation at one input to the combiner at an inercasing rate until the

combiner can no longer track the variution.
(b) Muin und Diversity Signal Level Dillerence

The effect of differences betwesn main and divoersity reccive level such as arise with differcnt-;
diversity antennas under normal input level condilions should be examined.

ized muin and

(c) Combining Perlformance
This ean be ovaluited by measuring the effect on the static signature. The measurement can be muade with
4 notch of set frequency and depth applied at one input 1o 1he diversity receiver, and a notch of variuble
rrequency and depth applied a the other input.

Diversily sipoutures should be examined for both minimum and non-minimum phase canditions. and for
a delay of 6.3 ns

In cases of combining svstems u
necessary 1o perfonm measurement

ne different algorithms depending on receiver input level, it will be
over a range of inpuat levels.

<) Influence of Interference
The effect of co-chunacl and adjacent channel interference on 1he combiner operation should be exarmined.
c.og by feeding and interlerer with o €/1 of 15 dB into cither of (he two receiving paths.

ER PERFORMANCILS
tier performance should be measured on a Terminal 1o Terminal channel operating over the maximum
permitied number of intermediale repeaters

his should include inpuc jitter (olerance. jitter transfer function and outpult jitier in the absence of input
jitter referring (o CCITT documents where approprinte (€3.921 and G.823).

BRANCHING/I

The b

LDLER/ANTENNA REQUIREMENTS

rstem util
ny fhding.

nehing/fecder und untenna s cd by 1he system must respect the following specification

sured on a real hop without

© Discrimination (XPD)

A minimum XD oF 28 dB s required.

Crross—17o)
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Intcrmodulation products that may arise within the antennu/feeder/hranching sysiem about — 106 dBm will
increasingly degrade the RSL/BLER characteristic. The level of intermodulation products shouwld therefore

be carclully controtled.

Intexport Isolation (1813
A minimum value of 40 dB is required for each antenna (see also scotion 7.2.3.)
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