C655
D48
1978

vs2

~u &

FINAL REPCORT

A DETZRMINATION OF TZCENICAL CRITERIA FCR THE
COORDINATION OF DIGITAL AND ANALOGUZE
MICRCHAVE SYSTEMS

VOLUME II INTERFEZREMNCE INTO DIGITAL SYSTEHS

.

FOR: THE DEPARTHENT OF COMMUNICATIONS
JOURNAL TOWER NORTH
300 SLATER STREET
0TTaWA, ONTARIO
Kla CC8

- Prepared by

Bell-Northern Research Ltd.
Ottawa, Ontario




m“m

: '-.‘r;:’

-, -

-

‘I_r,'

~o &

s £ CavsiER”,
C655
D48
1978
v.2

.’_'

FINAL REFORT <= ;

A DE'IERMIN TION OF TECHENICAL CRITERIA FOR THE
COORDINATION OF DIGITAL AND ANALOGUE
MICRCWAVE SYSTEMS. ;

VOLUME II INTERFEREZNCE INTO DIGITAL SYSTE:S

FOR: THE DEPARTMENT OF COMMUNICATIONS
JOURNAL TOWER NORTH ;
300 SLATER STREET B S TR e
OTTAWA, ONTARIO _ -

Kla 0c8 : P
: : ‘:?C@ ,bd
3 o
o ¥
T AN
Industry Canada a »0‘90 e
LIBRARY < CF &
& 2
o
JuiL -5‘ A
JUL 1 3 1998 & Pl
BIBLIOTHEQUE

Industrie Canada

Prer*ared by

Bell -Northern Research L1
Ottawa, Ontaric




[PES—

e —
: =

MARCH 31, 1978

FINAL REPORT

A DETERMINATION OF TECHNICAL CRITERIA FOR THE
COORDINATION .OF DIGITAL AND ANALOGUE
MICROWAVE SYSTEMS

VOLUME II INTERFERENMCE INTO DIGITAL SYSTEMS

FOR: THE DEPARTMENT OF COMMUNICATIONS

JOURNAL TOWER NORTH
300 SLATER STREET
OTTAWA, ONTARIO

K1l1A 0C8

DSS FILE NO.: 16ST. 36100-7-0748
CONTRACT SERIAL NO.: 0OST.77-00167
BNR REFERENCE: P157/TR6433

PREPARED BY

TRANSMISSION DIVISION
RADIO SYSTEMS DESIGN GROUP
BELL-NORTHERN RESEARCH LTD.
OTTAWA, ONTARIO ’

K1Y 4H7



ASSTRACT

This report is Volume II of a *two part study related
to the coordination cof digital and analog microwave systems.
This volume presents the erffects of digital and analog
interference on a 91 Mb/s 6Gdz QP3S digital radio systenm.

The performance criteria used for digital systsms in an

-

ct

nterference. environmsnt are discusssad and methods of
theoretically determining periormance dsgradation in th=
presence 0f thermal noise, intersymbol interference (ISZI),

co-channel irterferencs {CCI) and adjacent channel

interference (ACI) are outlined. Finally, the results of a

theoretical and experimental study on the performance of the
digital radio system under various interference conditions.

are presented in a set of curvss.
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1. INTEODUCTICY

This report ©providass information onrn the effects o

0
. Hh

91

[o}]

analog and digital interferesnce on the performance of

Mb/s 8 GHz DPigital Radio System employing Quadrature Partial

I~

Fasponse Signalling (QPRS}. nterfersnce guidelines for
route co-ordination and syétem design are provided. Hethods
of analytically calculating the degradation of digital

system performance duz to thermal noise, intersymbol

intsrference (ISI), co-channel interferencs (CCI) and

adjacent channel dinterfersnce (ACI) are discussed. The

results of an experimental and thesoretical interference

study on the YNortharn Telecon 2D-3 are presented in

‘graphical form. The set of curves presents the following

relationships:

a) Single freguency interfersnce susceptibility.
b) The efifect on Bit Zrror Raie (BZZ) of adjacsnt
chann=l interfsrence.

C) The effect on BER of co-channel interference.

H

d) The effect . on B=Zk oI both ad jacent and
co-channal interference coabinsad.
e) Freguency cocrdination interfsrence objectives

for d4di

e}

ital into digital ard analog into

digital.
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2. PERFORMANCE CRITERTIA

Because of the nature of an analcg radio syste

<

(non-regenerative repeaters) the interference noise fron

)
O

each hop accumulates throughout the entire route. Therafore
th2' C/I objectives are dependent on the amount of noise
add=d due to interference ovar a 4000 mile hypothetical
reference circuit (HRC) under non-faded condiiions. The C/I'

objectives are based on the following:

i) Calculations (based on  the vradiated power
spectrum) of the increass in noise due to an
exposure at various le;;ls.

ii) Assumpfions as to th2 number of exposures and

their levels over the 4000 mile HEC.

The allccation of noisa to ths various sources

M-
e
l_j;

in any radio systen.

refore interference noise objectives are =stablishei on a

4
=t
M

go
m
r

hop basis so that the overall system objective can »n=2

In a Digital Radio System the paramster that best

}-

characterizes the Digital System Performancs is ths B8ir

tn
43

3
s}
")

T at:

L

orC

(32F). & rscsiver error occurs when the-decision

(9]
'-‘0
5]

cuitry is .caussd to make a wrong dscision dus to

ortion in the baseband signal. Normally an erron2ous

(a7}
’.‘n
u
4]

ion

.
1]
¢}
'.A
n

l_l

S made becaussz of a peak in the Gaussian noiss
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PAGZ 3

{(inhesrent receiver thermal noise), which causes a closur2 of
the eye pattern at the decision time. Undsr noaminal
coniitions of no fading or interﬁsrence, the error rate will
be rather small {eg., 10—-19) and depends solely on the

intrinsic receiver design. The introlduction of interferance

into the digital system doss not, as a rule cause decision
errors dirsctly, except for very small C/T values. This is
T .
due to the fact that the interference is peak-limited and

normally of insufficient anplitude to cause a complete

closure of the eye pattern. The interferance doss however

.

o}

degrads the eye opening thus incrsasing the susceptibility
4 iaiet

to 2ye closura2 due to peaks in Gaussian noise. The effect
/——_-— 7 A .
of interference on a digital systam is to reduce the fade

margin, indirectly causing an increass in residual BER (BER

at nominal receive signal levels). The degradation in fadew
marjyin and increase of the residual BER are therefora tha

relationships that best characterize the performance of a
digizal radio when subjected to various types of
interference. These rslaticnships are presentsd in Section”
.o for ths ‘RE-B radio .syStem, "under a variety of RFT
intecfersnce (CCI and ACI) conditions.

Since most digital radio systems mak=2 use of

ct

regyenerative repeater here 1is no noiss build up from on=2

n

hop to the next. . There 1is howesvss an accumulation of

1

dszcision =arrors thrcujyhout the routs, analcgous to noiss

hersefors the ovarall

build up 1in analecg radio systzas,

digital system objective is to main<ain the B3R below sone




accesptable level for a large percentage of the time.
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3. SOURCES OF INTERFERENCE

There are thres main sources of interfefence which
can affect the performance of a digital radio sysfem,
Intersymbol Interference (Zs1), Co-Channel Interferance
(CCI) and Adjacent Channel Interfersncs (ACI). To d=stermine
the sffects of analog into digital interference arising from
various channelization plané, the continuous 'range of
frejuencies ©betweed co-channel and adjacent channel are

included.
2.1 Intarsymbol Interferencs

In order toc transmit a bit stream made up of id=al
rectangular pulses a system would have to havz an infinite
bandwidth. In digital transmission the information is not

characterized by the pulsz shape but by the pulse amplitude.

at the dscision time. As long as ths signal amplituds is

within the <correct thrsshold levels at the appropriate-
decision tims, then ths sxtracted information is indspeniant

of 'the actual sigral shape. There

(&1}
(0]

re a certain amount of

signal distortion can be toleratsd without causing an

pse

ncr2ase’ in the BEIR of the system. When the bandwidth of a
syster is liaited, distortion is in%troducsd into the pulses
causing tham tc¢ spread wi*h an oscillatory tail at both the

beginning and end of ths pulsa (5idbk's phenoasnon). This

spreading causss a puls2 to interfsra with the precsding and
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following puls-~. If this bandlimited pulse has a non-zero

amplitude at any c¢r the adjacent pulse decision times,

I8

ntzrsymbol interfersnce results. Under extreme conditions

(excessive bandlimiting) the ISI may be large enough to

_directly cause decision errors.

n the RD-3 digital radio a gquadraturs partial
response signalling (CPFS) modulatibn scheme is utilized.

’h*s modulation technique ;ntroauces a controlled amount of

© e —em— e e AL e o e o et e sy e . e e
- - e et i s T o S — e 08 -

D —y

IST in orderauo achieve rslatively high spectral efficiency.

The QPRS signal can be generézgg-;;;;g“—;;;;;;nd ;;ging
techniguses to attain the desired spectral shape. Th;
.signal,_éfter being ccded and ¢AM modulated is a nmultipls
;evel signal whiéh_is very vulneragle to the AM comrpression
and AM to PYM conversion of the microwave power émplifiars,
making the basepand coding technigus= hndesirable. To avoid

this the partial r=sponse can also be genarated using

—

fraquency domain techniques via the +transmit and receiv

[1)]

filters. Since the spectral shaping is done after the power
amplification stages the abovs prcblems_a:e alleviata2d. For
this reason the frequency dcmain appcoach has been
implemented on the RD-3 <for the generaticn of the (Q2=XS
signal. Thes transmit and reca2ive filters are designsd to
achieve ths desired spectral shaping as well as to limit the
adjacent channel interference and thermal noise. The
criteria us=d in tﬁe filtsr design is discussed furthsr in
section 3.3

At the receiver the criginal signal must be detected
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in the presence of the2 controlled intersymbol interfercsnce.
This 1is accomplished by using a 5 tap decision esedback
egualizer which subtracts the ISI effects (oscillatprz
componen ts) at the decision tinss, since the IS
characteristics are known. The filter design constraints
are relaxed by making the decision fesdback equalizer taps

adjustable. -
3.2 Co-Channel Tnterfersnce

Co-Channel Interference (CCI) is RF inter-channel
interference frcom another radio chann2l having a freguency
that falls into the receiver bandwidth. CCI becomes a

problem when the coupling between channels at the same or

$de

similar frequency is excess

taf

ve. igjurs 1 illustrates somsz
of these QCI scurces for a typical frequency arrangement.
CCI sourc= 1 1s an exampls of over-rzach interferance which
is a2t the same fra=quancy but oppositz polarization as the
desired raceive signal F1 (H). Tt's effects can be reducsd
by the careful «choice of repeater site loca*ions and by
choosing antennas .with good discriminaticn characteristics
(iirectivity ané cress polarization). Source 2 is CCI whickh
is a* th2 same frecuancy and ©polarization as the desirsd

racsive signal. It's magnitud2 is depsndant on the fr

Q

O
e’
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O

9
=
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back discrc of tha 2antennas. Sourcs 3 repreéseats
interfersnce frca  othsr radio sys<sns (analog or digital)

that transait within =he receive baniwidth of the chann=2l in
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question, &gain

the choics of «raspeatsr sits loca
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tion and

.antanna discrimination characteraretics are fundamental in

r2ducing tnese inter-channel interfierence efrfects.

3.3 Adjacent Channel Interference

Adjacent channel

interferancae

interference frem channels adjacent to the wanted

The magritude
receive filt=r

just on= of

of the ACTI 1is directly dependent

characteristics.

The suppression of

the factors considersd when design

receive filters in a Q273 systen. Es mentionad

(ACI) is causs

d by RT
channel.
on the

ACI is
ing the

earlier,

both the transmit and receive filters are designed as part

of the frequency dcmain approach to using t

modulation schems. Since ths DRS-8 will, in sonme

operate in the same banrd as analog radio .syste

transmit rfilter

spurious =missions outside

e
(9

spactrum mnu

n

b

[(d}

must provide appropriate

limited (via the

adjacent channel intarferance wi

the 40 MHz band. Also

transmit f£iltsr)

thin th=2 DRS-8 sy

he QPRS
cases,

ms, the

suppressicn of

the QPRS
sc that

stem 1is

minimized, The transaoit filter was do2signed to maintain the

spactral emissicons within

—_—
FCC Fules Vol.

-~

oncsz

the

transmit fil

mize the receive

adjacant channel

~es<ablished, an optimizazion routine (3NR compuier

filter design to

interf2rence arnd.

the mask rscommended by the FCC in
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noise as well as ccntrecl the intsersymbol interferzance.
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PAGE 10
4.9 MZITHODS FOR EIVRALUATING INTZRFERENCE INTO DIGITAL

Basically there are three methcds of analytically

determining the effects of various +types of interference on

a .digital receiver, exact method, direct simulation and

-

bounded approximaticn.

O ——

4.1 Exact Solurion

The exact solution methcd as it implies gives the

exact solution fcr the probability of error DP(e) for a

.
4

t

i

(]

al radio in an.interference and noise environment. The

(9

basi of this techniqus 1is to convolve the ©probability

147}

density functions (PLF) of the intsrrferers with the PDF of
the <thermal (Gaussian) noise of the receiver. Tha

expression for the P(e) is th derived <from the convolved

M
o)

h

cf
(243
n

PDF. The main drawback of method is that the PDF for
th2 interfsrsrs is nseded to maks use of Vthis~technique.
Zxcapt for +trivial situations (Gaussian noise) the FDF for
various interferers (digiral, analog etc.) arce not known
explicicly. Alsc for computational efficiency,
approxiﬁaticns nust be mads iﬁ the model and the results ars
ro longer exact. Shimbo ard C=slsbiler (8) have developed
exact expressions for *th2 P(e) in 2 thermal noise and
intsrsyarol interisrancse <nvironmssn:t which can bz us=2l o

obwain the results tc any degree o0f accuracy.
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L2 Diract Simulaticn

.

This method wuses coamputer tachnigues to simulate a

typical bit error rats (BER) interference test set up.

Interfersrs (co-channsel, adjacent channel and intersymbol)
ars applied to the recsziver input "along with +the thermal
(Gaussian) nbise. ~ The decision errors are d=tected after
the decision block aré the P(¢) ;s determinsd using the

accumulated error statistics. In order to obtain effective

results many simulatich runs must be made witk diffsrent

ps=udo random sSeguences. When small P(e) are to be

estimated (i.e. below 10—-S) cene finds that +the method

becomes impractical because of the lorng and costly

sinulation runs necded to obtain a reliable P(2). Ther=fore

the cost factor is the main drawback of this technigue.
This method was applisd by Castellani and Sant!' Agostino
A7)

4.3 Boundsad Approximation

The basis of this technique 1is to devslop an upper
(2nd/cr lower) bcund sxpression for <th2 probability of an
ercdr P (e) due to various interisrars, without havirng to

krow thsi probakilizy 3density functions =2xplicitly. Dodo

(a1}

tar

[#)

and Kureasatsu (2) have approxima+tsé the i arence " by

10

<

Gaussian noise which directly adds to the r=c er tharcmal

£

(1t]
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(Gauséian) noise. By using thisAGaussian approximation the
P(s) expressicn can te developed easily. This mé€thod gives
a good =estimate when the interfsring power is of the same
order- of magnitude as *the thermal noiss. Ffor larger
interference power ths results tend to bes pessimistic.
Eenedetto, Biglieri and CastelLani (3), have
developed dppe: and lcwer bound expressions for P(e), in

M-Ary conersnt phase shift kesyed (CPSK) systems in the

any number of Co-channsl and Adjacent Channsl

prasesnce of
Interferers, Intersymbol Interference and Gaussian Noise.

|5

Although this method gives a tight upper and lower bound for

P(2) it 1is very inefficient from the standpoint of

ccaputation time.

Rosenbaun ahd Glave (4, 5, €) have developsd a
éomputationally efficient exgpression for P (2) which 1is
depend=n%t only cn the RS and péak §alues of thes interfering
1

env characteriz

Nl

(o]
o]
()]
3
f=d
(11}
8
()]
of
feo o
o]
N

)

s the interfering

statistics of the maximum PDF that satisfy the constraints

(R4S and p2ak values) so that the resultant P(e) expression
is an uppar bcund exgrsssion. Rossnbaum and Glave have
extsnded their method from  handling ths  Intsrsymbol

Interference and Gaussian Noise case oanly (4) to the case

(¥
1]
-y
iy
+y
D]

ze]

wh2r2 multiple Co-channel and Adjacant Chanasl Inter
ar2 .included aleng with the Intersymbol Interfesrencs and
Saussian YNoise (8). This <2chnigju=s gives a tight  upo=sr
bound for th2 2 (e) and is easy tc implement on the computsr

maxing i4 very attrac=ive as an analytical %ool.
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3
o

¢ thecretical curves pressapnrsd in this -study ware

S —

calculat=d using the Glaves Bound Technigque becauss of it's
W,__.——-—-———-—-—--—"-“—--—._

M

above mentioned desirable characteristics. Since the curves

o ——

will be an upper bcund for the P(s) ths designer can be sure

~ that the actual P(e) will not excsed these limits (assuming

the EMNS and peak values havs been chosen correctly).
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5. SXFEEIMINTRL AND THECEETICAL INTE:

)
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The curves presanted in this section are the results

of an’ interference study done on the 2D-3 8 GHz digital

razdio. Thaz RD-3 makes use of a QP28 modulation sScheme to

achieve a 2.25 bits/s per Hz spectral efficiency.
5.1 Single Frequency Receiver Susceptibility

ks discussed earlier cne cof the parametars that best
characterizes the effects of interferencs on a digital radio
ED-3 the ry

is the degradation in fade margin. For the

—

intarference objective was established such that there would

1 &s degradation in fads margin due to the

Figurs 2 shows the measured RD-3 recsiver
L ] .
susceptibility to continuous wave 1interferencs. The
ordinate S/I 1is the R’¥S signal to single <frequency

interfersnce ratic, which causes a 1 dB degradation in fade

mat3yin, versus frequency, relativs to the «center frequency
FO. Firs< the nominal threshold level (2eceive signal level
fcr a BzZx of 10-¢%) was established without intsrfersnce.
Then +the C4 interfersnce .1evel that caused a 1 43

degradation in fade margin for the frequency

separations shown was determined. TFor fraguency separatiocns

beyond abouz 100 ¥Hz the rejuired intarierencs power (to

cause a 1 it

with the +

i
n
t
1
L2
=
’_n
e
3
)
s ]
ot
=
n
th
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m
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due to ths image resronse of the mixzr. The outer boundary

(limit) repressnts +the recomm2nded limits for F¥% into the

5.2 Adjacent arnd Co-Channel Interierence Effects

“here are thres interferencs mechanisms associated

.

with the RI-3: direct exposure, AGC takeover and rsceiver

ovarload., Direct exposure occurs when interfarence falls

within about * 25 MHz of the wanted carrier frequency. The
interfering signal superimposes on the wanted digital signal

causing a partial eye closurs, degrading the fade margin

(cefer to sectica 2.0). AGC taksover occurs when the

intsrfering signal starts to control the AGC destsctor in the
IF main amplifier causing the desired signal level to drop
bslow ths range c¢f the baseband AGC circuit (approx. ¢ d4B).
Wh=n the baseband signal 1lavel Jecreases the decision
fesiback equalizer} becauss oI it's static opera+ion (fixed

D)

fesdback gains), <can no longer remove the controlled

1

intersymbol interferance introduced at ths transmitter.

t

fa

[&H

€

M

This will in turn cause a degradation in both th

margin and residual B33IR. This taksover effect is liaited by

ths IF bandpass filters to a wmaxiamaum of abcut 10C MHz.

fr2juency separaticn. Therefore, this phenomenon occurs for
frzjuencies fromr 2f£ MHz to 100 Miz, away from the wanted
carrisr. ?2eriformance degradaticn dusz to receiver overload

is caused by ncn-linpzar effscts whichk cause highsr order
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products of the wanted and interfering signal to fall in the

pass band of the wanted signal. This type 9of systen
degradation only cccurs for relatively hkigh levels of
interference.

Digital radio systems ¢&ffer the possibility of

‘doubling tha channel «capacity through - cross pclarized

opsration (freguency rsuss) . Th RD-~3 has  besn

m

characterized under various conditions of adjacent and
co-channel interferencs., The results of theoratical and

experimental studiss are presented in Figures 4 through

The offset frequency plan of Figurs 3 was adopt=sd during the

" measurement progran. CLhannel 4 is taken to be the wantad

channel with adjacent copolarized channels 3 and 5.
ﬁ——————”-_———_'--_ -
Chanrels 9 arnd 10 are cross polarized co-channel

incterferers.

Figur 4 <shcws the relatioaship between BER and

(/]

receive signal 1level (d2m) for various levals of +two

adjacent ctannel interfersrs {ch.3 and ch.5) near thse

thermal noiss threshold of the recsiver. It can be seen

b

that the fade margin degradaticn is lsss than 1 32 when ths

two adjacent channel interisrars arz 6 4% hkigher than <*he
\

vant=d channel. Tigura 5 shows the effect o0f adjacent

\\___.-—-—'—’—‘_'—\,

cnztinsl upfades on tha BZIf o the XD-3., Tha first five data
poirts wsre measured experimentally wHile the curve was
conapletsd using an sxtrapolaticn tachnigus (Chan's m=2thod
(®)) %o <complete th=s curve for smrall Bz3. Chan has

devaloped a grapiical techrigues tha* makes use of a £faw
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measured points tc extrapolate the curve for small BIX. Th

[{3]

tecknigue improves the BER estimates for low error rates

ot

ovar that of mest test sstups. The accuracy is withir about

one order of magnitude. This curve shows the effect on B:I2

when the adjacent channel's interfering power exceeds that

of +the wanted chann=2l (under nominal receive levels).
Figure & - shows the degradafion in  BZR for two co=-channel
intsrcferers. (equal power) and two adjacent channel
intercferers under ncminzal receive sigral levels. For this

frajuency plan these «curves give the designer the required

co-channel X2D needed to maintain a given BER. Figure 7
shows tha relaticnship betwesn the "BZIR and receive signal

1

(1]

v2l for three combinations of co-channel and adjacent

channel interference.

5.2 Frzjuency Co-Crdination ané 2ouze Design

Figure 8 ©pressnts a sst ¢f theorstical curves and

corresponding experimental pcints that relate the C/I

(£aded) versu

W —y
into digical and digital into digital co-channsl
e s —— ~ ——

incterference. For the analog curves the FDY-FM signal was
rod=21lad as a singls tons at the carrier freguency, sincz for
low modulation indices mnest of ths power is in the cacrier

cost and complaxizty

coapon=nt. Tnis was dcns to reducs the
of +ths theorstical and experinental analysis. For tae

coc-channel situvatien the errzor should be ail bur for

s degradation of fade margin for both analog’

i




=

frequency separations that cause the interferer to bhe

itting on the receive filter skirts the results will tend

n

to be cpiimistic. This will be discussed further for figure
10.
The two theorstical curves wers calculated using

Glaves bound as cutlined by Rosenbaum and - Glaves (6). The

l-;’

peak <factors (PF) and peak valuss of ths interfaring
envelopes were the inputé to the algorithm. The peak factor
for the <carrier tone (analog case) is simplyff while the

peak factor and peak value <Tor the digital intsrierers were

determined using computer simulation technigquss. By

(1]
ct
)]

maintaining a constant BER (10—¢4) one «can d rmine (via

Glaves Bound Technique) the degradélion of fads margin for
various C/I's. The experimental cu:ves. wers msasured by
establishing the dssirsd C/I and then fading the C/I until a
BIZ of 10~* was detzcted. - This procedure gives the
degradation in Fade margin for various C/I's at full fade.
Since both the wanted and interfering sigrals are faded
simultan=ously the dJegradation in threshold can not be

obtained dirsctly Ircm these curves. The curves in Figurs 9

ation in fads margin

(&7

wers calculated to rslatse the deygra

(C-C0) to the Co/I where:

co is the +thresnold level (i.=. =70 d3m for B:Z
0 10—« W4ithout interfera2nce).

threshold lavel with
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The transiormatior from Figure 8 to Figure 9 was adchieved by

" Since C appears

]
o
(9]
tal
-
\0

solving ths following analytical expression for C.

Log (C~Co)=a (C/I)+b
a=-.119, b=2.054 for digital into digital

a=-.0986, b=7.414 for analcg into digital

cn both sides of ths =&equation an iterative

procsdure was used tc solve for C., Now figure 9 can Lbe used

2

[{1]

degrada tion in fa margin for various

co-chnannsl interference levels.

Figure 10 shows the raduction in C/I (as per figure

analcg

9) for an interferer at various frequency
separations. Because the analog interferer was modaled as a
—~ - = F 4
single sinusoié figura 10 is the recsive filter respecnse of
X IR _
“the AC-3 radio. Therefore for fraguency separations of 20
“dz or mor2 the curve will zend to be optimistic. One would
expact th2 curve toc broaden slightly for these larger
frzjyuency sepafations, és the singls tone analcg model
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€. SUMMARY

In this report the effects of analog and digital

“intarference on the R®D-2 8 GHz digital radio (QPRS 90 Mbit

system) has been discussed. Interference guidelines for

route co-ordinaticn and system design have be=n presented.



e,
_~——

~-

~

¢}
M
G
t4
N
—

REFZIRENCES
Castellani, U. and Sant' &gostino, "Intersymbol

ntsrchannel Interfasrence Tifzcts in

Interference and Z
PCY ' Signal Transmission on Radio Links for Binary

Coherent Phase Modulatien", Alta Fregquenza, Vol. U4(C,

May 1971.

Dodo, J. and Kurematsu, H, "Interferenc2 prchlens of
Digital (PsSK) and FfM Zadio Relay Systsn", Fujitsu
Scientific Technical Journal, Vol. 9, ¥No. 1, 1973,

Ben=destto, S., EBiglieri, E, and Castellani, U.

"Combined Fffects of Intersyambol, ZInterchannel, and

Transaction on Communicaticns, Com 21, No. 9, Sapt.

1973.

Glave, F.Z., "in upper bcund on the prcbability of
error due to intersynmbol intsrference f£or correlated

T transaction on information

[

digital sigpals", It

theory", Vecl. ZIT-1

L
-
=

o. 3, May 1972.

foszabaun, E. 3. and Glavse, v ., "in 2rror
probability uvpger bcund for <cohsrent phase-shift
keying with peak~-1linited interiereacs", IzZ=z




4 6-
\
¢ .
C§
PR |
- 7.
t
8-
.L_
S.

——

PAGE 22

Transaction cn Communications, Vol. Coa 22, No. 1,
Jan 1974,
Glave, F.E., and ERosenbaum, 3A.S., "An upper bound

analysis  for Coherent  Phase-Shift Keying with
Co~channel, Adjacent Channel -and Intersymbol
Interference", IZEE Transaction on Communication, Vol
Com 23, No. €, June 1975.

Barber, . and Anderson, c., "yodulation

[8)]

considerations for the DRS-3 91 HE/S digital radio",

IZEZ-ZCC-77.

Shimbo, 0., and Celebiler, M.I., "The Probability of

error due to intersymbol interference and Gaussian

LOise in digizal comnunication systems", IZZS
Transacticn c¢n Commaunication, vol. com-19, pp.

113-119, apr. 1971.




/‘/ - Fl (V.) .
e
A &— — —~
1(v) @ ~
Fy (H) .;.)
F2(H) -
DesSI1REeD SianiaL PATHS
et e e e INTERTFEREMCE SIGNMWUL PATKS

; H- HorIZomaTAL . PoLAarRVZATIONN
‘ V- VERTICIAL POLIRIZIATION

FIG 1: SOURCES OF CO-CHANNEL INTERFERENCE

€7 39Vd




s/I-(dgj

o e e ! : = — TE — e —_—
S R e e Stk L i — — ] .:::1
' L.0. o | |
-80 7 ) L300 ANNI SRS SR ST MRS SN
~70|_ ]
Limit )
-60 \_ Typlical
=501 ]
=40 i}
=30
=201 i
=104 _
n - -
10— : » -
& . .
20 - | , - 5
' o
£
i ] 2
30}~ — .
L ' 1 1 I | ! I 1 1 | |

=350 =300 =250 =200 =150 -100 =50 O 50 100 150 200 250 300 50
Freq. (Miz)
Fic 2. SINGLE FREOQUENCY INTERFERENCYE SUSCEPTIBLLLITY ’




PAGE 25 -

cH. 4 CH.S VERQTICAL PoLali ATion

-

FrEauenNcCyY
cH. 1D

HoRIZOoNTWL POLRLIZ AT I ORI

AGdjacent Channel
Channel #2 Tr=7826.85 diz

Channel %5 RF=7908.33 45z



}ggﬂ N I{ﬁ_%%gw Jf 0,/;300 Mec/ |

“ v .

PAGE 26

—
o

o|c3

3 |03 HIGHER THAN|SIGNAL
§ |03 HIGHER THAN|SIGN=L
0

03 HIGHER THRN|SIGNAL

LJ(;(JC:1
RnDnd

-::-1&—-) "'""""h:‘

[ "'!]::Etﬁr

1073

1074

. . L 7
. ‘ E =

{'\ c
S 1pg-5

\ c 1073

H o - .
= -

" e -

L. -

—
Lt 01111

- 107

v
1t L1t

=
{
s
&
1
puy | >
et
- Ls
////
‘>

e

: l—?O -53 -£8 -57 -g3 -3
RZCEIVE LEVZL  (T2M™) B

15 143 1343 20413 ¢ed

£ LEVEL WITH VETI%?S INTERFZRERS

(o - Po .iyLJ

1 FIG'4: MEBSURZD BIR VS RECEIV




BER

PAGE 27

ot rrr1t 0T
BER MEASURED DIAECT
BER CHAN'S METHGO

10_??\ H ' '

TliaITII

| I A
| LT T
-i§-i4-12-10 -8 -8 -4t -2 0 2

FIG 5: EFFECT OF RDJACENT CHANNEL UPFRDE ©N BER



2N < ' : PAGE 28

[
Il

. T T T T T T T T T T T T 7T T T 77
! 2‘ o X CW/13=CY/15= 0 [8 '

, 103 5— O C4/13=CY/15= -3 D8 -
s 10-“—3— " ]
\;. 10-5.3__ Ch. 4 receive level: =26 dBm _
! . 3
L

10—8?_

I 3
L.

10-12—

r =
1= 10—113— ‘

“ 107155
L | 3
1071— -
I r
«L 10-193_ —
L 4&§_A _
o 10 E |
' io-aqllllllllllrllllllll
_ A N N
L 10 12 14 16 18 20 22 2u 26 28 30 32 34 35 38 U0 u2 yu us ug =0
CY/I8=CU/110 ‘CCCHANNEL INTERFERENCE' (DB)

T FIG6: RESIDUARL BER VS ADJSCENT CHANNEL 6ND COCHRMNEL INTERFERENCE

(:HO\'N& XPD
- Sl -



\ Atvt". :
. ' , PAGE 29
g
- . -2 . .
t 1073 | I I : I : I T I |
H . @ ACI= INF,CCl= INF '
] x RCI= 0 D3,CCI= 30 C3
" i ® ACI= 0 DB, CCI= 24 D3
a;“;. B
N - 103 —=— ]
3 i
:‘4 -
. ', 10-4___.. —
' .
L ]
. i
«
-5 —
. W 1075
{ N
[ i
i |
N 10"’—:— -
1077 |
,_4-“—‘: . :
i’ | | | | ] 1 l L | ! |
l 10 Lo T T T O
L -76 -75 -74 -73 -72 -71 -70 -83 -88 -§7 -85 -35 -8
: RECEIVE LEVEL (D3M)

?( » ' . _
- FIG 7: EFFECT OF CCI (CHS & CHiIO) FND ACI (CH3 & CH5) CN FEOEMARGIN CrF

o e



PAGE 30

V- HRE AR TR Il T
il = i | 0 __‘\ T L
1 - ; (1 1 13 74 i g F\ 9 ) B e ]
I N o \____,‘ o
| HHHAHAA A Mllvd 1L Lo
B ~ o fonf < — 11 ‘ g LR P
R R _\f\_ A\ L L
| Lt ff_ / N
1 i 1 » i1 R
I VHFERFERAR AL 3 e e
1] T R AL HHHEEAEREELS
d I art /| ,‘ 1T ™~
1] T - |\\ Al THEHA L
T H AR v . L
R R e AHHR HHEEEE
i T :.\..\--...- 0
W TRERE ] NV A o B e
TR 1r .ﬁK. T {5 O e
TH i _\.-uu\m..u} 0 o e
: Il AT {0 O
1F 1 Wk T o
\.;.H\.:lstll o 00 0 e
1L ’q " 9% i R 508 e
] N TR 0
PR | Ihs /R 0
e IR (0
FHEAE s P e T
HHHA - L ‘,\...n._ 6 % 3 -, 0 O A Ml
TR AL I
A ; ‘ AR FE A
R Al L
AR ..\ R o 8
0 11{111% o 8 o O e
1 . Y W EEE R H 5
Y - e IHHHEEERER
T = I: 0 R
.- ) . ' 1] 1] - clll'-’l.b
L u MLL’ML L < L L L&ﬁaaﬁ IR " N %L
\l.r 1 K ;.ﬁm:yl/\l“.ﬂwh.-: Jvdo.i JJ. :OlJlJQHWl! 2 : (l.-\mo ,Qlanl._w _-l‘.|L J L

3)

C/1 (d

Carrier

ull fade.

Vs.

\
F

Degradation of fade margi

FIG 8

to Interference ratio at

\




PR

P : { ) ) e . L '
T I A B e e Tl
4}~
w
L
¢
o 3=
c .
‘o
®
= «<—Digital Into
3 Digital
4]
.
o Analog Into
5 Digital
= 2—.
"
o)
[
o
a
[a]
1 T—
| | | ]
10 15 20 25 30
Coft (dB)

FIG 9: Degradation of Fade Margin vs Co/l

IE I9v4d



t

B et i+

.y N — T —— T s T s
— I Emac f [ i 7 f , AL T L T T T
(o oww
10 3 | T . I
0 f LICENSED BNNDWIDTH (MHZ) 20.000
—-{— . -
e FDM/FM Carrier —— 1260 FDM/FM (NO F1LTERING)
-10 __%___ —-~ PSK BAUB RATE (MBAUD/S) 18.18 |
: 0000 FSK BAUD RATE (MBAUD/S) 18.18
o : XXX¥X VIDEO COLOUR BAR ' 525L
i -20 =}~ -
o
A, :
:X:J "30 ”; )(X\ X,;‘ o~
E+ - p : /
S HEIN AL TR, LT _ |
R 1 X X i‘ﬂ*mﬁmm -
= 2 . ~ .
(@] -
= ]
m =50 <~
M z
- E
s 60 =
53
=70 G-
[a2] bt
0 —80<—
u :
8 g
= 3
S -100 34—
~110 34—
—120 z T T ¥ 1 T T T T ll T 1 T T 1 r 1 ¥ 1 l T I 1 L] T 7 T T l T T T T 1 =71 1 ’
0 10 15 20
_ FREQUENCY sromM carr.  (MHZ)
FIGURE
-1 FM POWER SPECTRA



C/l Decrease (dB)

GO

GO 1 1 1 | 1
0 10 20 30 10 50
Frequency Separation Miiz
FIG 10: Reduction in C/l Requirement for Analog Into Digital Interferencz
@y oy .
7) <

.
a

Zg d9Vd







