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. 'ABSTRACT °

S Tha impl on of freqle reus; techniquen .
; 5 6 -
.and 'ahar:ing of “the same quericy band with terrestrial

mlcrowave networks have increased f.he Levals uf coc‘hanhel
lnterlerence in aaeeuue communication systems. ' .In :acr.,.‘ in-
certain sitdations such an interference can become r,‘ne

" dominint factor in liniting the system performance. i this
thegis, we analyze the affect Df cochannel interference on”

the error rate performance, of MSK ‘and OQPSK signal.s

ttansmxtted throug‘n a satellite channel. e

'l-‘he satbuite channel is assumed to axhibit both

mputude and phuee nonlinearities.’ The _system model assuimed

a sufﬁ.ciently latgs bandwidth so that the: intersymbol|

intei'f‘e(ence may be neglected. Narrowband,Gaussian noise ;,a

&

V!’érien containing'double integrals

assumed .on b%fh link! but the coc'hannel interferaﬂce is

considered frly in the uplink.

3 ’ﬁ)'ne bit el‘tur rate expressions L‘darived for MSK
and, 0QPSK signalling technlques in u.e.-fgm ©of infinite

-The effect of multlp).a

cohannel interference is evaluated using these ‘expreasions.

A simple expresaion which does not contain infinite series is -

", also derive for evaluating the bit error rate when only one

cochannel intarﬁeté; is present. The effect of the TWT ifput
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(_!l) MSK 1! supericr i'.o 'OQPSK fcl' all uplink and .

downlink Biqnal to noise ratios for 'l'\ard-

'ehannals. . : - B S

. (pb) * ’rhawptimnm opevati.ng ragion is t‘he naturntien

tegion £6r. both signailing'schemes. - * L

©" L “7(c) . The hard- Limiter: model iaea ‘good ‘teplacenent
. [£or_ the 'TWT model for low uplink SWR for Doth the nganung

3 i techniqﬂes. . ) § :
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ﬂ.exible craffir.— handl-lng ability.) The ngh of sa(\:eé

accasslng the Batellite charmelu ft‘om? 1arge numhat‘of

" Lowrcost earth sta,f.iunp rathe: than from a smll nunber of;

".techniqyes are as !ollowm They pravids low’ ermr rata and v

Lave 1eaa aansitive to the sys

g oy B " CHAPTER 1. | “

5 ‘. Inmobucron [T
ANTRODUCTION :

o racent_ years, dxgitu tranam!saxon cachniques . »_

‘have beep ga.i.ning increased usage l:pmpued tor nnalogua

¢ in sateuice Mg due to the . - ’ i

sver-grmiing demand £mr data- Gommunications.  The' efﬂciency $ At

3 _saceuite Eystem \iepanda upon the modulat:.on gcheme ‘used
for signalung. In-the cunenthagelute aystema, the, | v e
digital modulation tec‘hniques are widely used compared :o the *
ahalogua mdulation schemes: becaum of cheir superiur

bahdwidth efficiency, high! capacxty, bette!' reliability and ®

ication has i 1 the requiremen

expensive common ca\'rt: oriented earth terminals [Gould and’

(1975), paqe 121]. m :mu mulf.iple access snvironment

dlqibal moduluion technl‘quea are able to permit large ar:k

small users equ'al access 'to the !atellite !yﬂ:em.

' The'main advamlnqea of digital tnnumission
i

high Eidslity thrcngh errér ﬁecacLion and: cor:ection; they

em apd channel’ notse; aml.tﬂ‘ay




' provide communicatioh privacy, ease and efficiency ‘in

multiplexing and flexibjlity of digital hardware
3 A :

* implementation. Bandwidth ef{ieiancy s readily- obtained in
Qigital modulation schemes by inc!nll.ng the_ nurber of levels
in -nn_i-uvex mdl{latlon ‘gchemes.’ Dig'L 1 modulation

methoda_such as phase\hift Xeying alaohave the advantage of

rauuvaly xow lulcap&ib&llty to 1.ntarhun=a. [aonld ‘and L\m
(1975). page 81] 2

1 There an twc 1mpertant upect.- to be conuidarqd ln LA

aelecting & pactiouiad modulation 8 uhntqua.’ These ‘ate the

pouer limxtution in the: naten:.te channei ur)d the ugnu to

noise: ratio hnptovament in'the demodulation’ ptoceas. ‘et
. regard “the mlt effective digital -thod. are considered to ¥

be binary ana’ guatarnaiy, phass shift keying €échniques. The-

buary PsK. provides higher reusunco to interfetanc; but; ¥

thete u~poa-1buny of douhling ‘the Ln!omti rate

without the bandwis

error “and cen\plaxity. Thh goal may' be anh!.uv-d by us; ng

apactraxly af!ici-nt mdulath:n lchem.u which ax‘hibi




s greut deal of 'attention because’ of itu good- error rate .

" nonlinear channels compated to the conventionalQuadrature:

good error rate performanck, ‘The primary objective of

spectrally efficient modulatién is to maximize bandwidth

: . - (I
efficiency which'is defined as the ratio of the data rate to
. ) i T ¥

channgl bandwidth. The secondary objective is to achieve

‘this banduidth efficiency at a prescribed average bit ertor ﬁ- '

rate withminimum expenditure oF'signal power. In the pa!t

decade, a Aclnu; of constant: envelope signué has’ received

pe:furmance and lage’ detection sohenes.. 'l'hese signal.ling \

'schemes ate known as: 2. quadratury - carrier modulation

; t'.echniqua & ! ) 3 \

- - ; Vo ;
In quad\'atute-can’iar nodulated signals, two. \

checiots in'phse quadrature, .cos ugt apd sin ugt, re utilized

fox signalling. The dataare independently modulated Snto

" the two catriars, - The detection,of these signals can be

accomplished by using simple veceivers that provide the sarie !

error rate as in binary phase s'hift keying (BPSK) in an idaal !

additlve vhite Gaus!ia_n noise channel. Therefore these

"modulation schemes are preferred to use when the RF spectrum
. 3 2 :

is highly congemd. R o ; ‘

Mtong the quadﬁture Garrier modulation I!\et'hods

: Hinimum shift keying (MSK) and Offset quadrature phase shift

keying (ogpsk) have been prefarred for yse on a ‘bandlimited




\

\

\
\

\

\

_phase shift keying due to the following' reasons [Gropemeyer
and McBride (1976)]. If 'ei:hez MSK signals ot OQPSK signals
are bandlimited and then l\ard 1llli.ted, the dagrea of

reqenantion of the upectml lidelobel il less cmpal'-d to

npsx. Al-o these tachniqucl achieve the mc enor rate

Noteover, usk\ud-oupsx signals have carcier ve!
’ recovery featutes providi&fg an‘aavantage vitn ceipect tol
uonven(!.on.al QPEK. . /MSK can al.la ‘be noanh-rantly detectad
vnen the teceived signal fo &\m tatio is adequate thus

permitting an inexpensive demodulation.

y
A quadrature ‘phue n)ift kay/g (gPSK) modulator is. .

shown in Fig.'1.1 (). A train af pulses 'x"“’° 1,2...), of
rate 1 bits/sec arcives at £he input of the demultipiexet as .
shown in the ngun. 'l'he putpose of the d-ultipl:xa: is to
‘split the incouinq bLnary)dau stream 1nm tvo Binary data
streams each-having a .r.ner o5 bits/sec. 'rhh is done by .
“aitecting even bits to inphase channel a (t) and’0dd bits to

. quadrature phase channel v!u(""" +These two bgnary'-nean-
modulate’” the inphast and quadrature upéien and_the aun a(t)
is tranemitted, The odd‘and even bit streams, of .pulse vid:‘ﬁ!
27 are synchronously aligned‘ in QPSK so as to coincide ﬂmﬂ-

‘zero crouinga\u'q shown in the figure.




JIE i

“FIG. 1. 1(9) ALIGN‘MENT OF DATA STREAMS
N.OFFSET QPSK ;




\ ‘Offset QPSK modulauan is obtained hy offsetting
the felative augnment of tha inphase data stream a; (t) and
quadx’ature bit stream aQ(c) hy a single bit duration T. ¥

" These waveforns are-shown in Fig. 1.1(5%. i
{ Minimm shift keying (MSK) cah be considered as a
special case of offset QPSK wl.th"uinusglidal pulse weighting.
Fig. 1.2(a) snwg,"q\'e waveform of the lnphase ‘data stream of
ek abeie sinusoidal pulse waighting. The modulated inphase
carrier is obtained by multiplying this ‘w\avevtom oy silie
: 1nphase carrier cos 25f t.” The Tesulting waveform- is shown
+in !‘_iq. 1.2(B). The slnusaidally shaped odd bit stream and
thie -corresponding” modulated carrier are shown in Figures
1.3(C) and 1.2(p). .The transmitted signal s(t] Ls"obtaineﬂ.
by summing the two modulated” carriers as shown in )
Figi 1. z(z) Tt
: ) These modulation schemes |respond aifferently when
they undergo bandlimiting and hard-limiting operati‘ons

. flencountered in sateuita comunications.. The differspes, in’

in r.he re-pective earria:s. Typical waveforms of MSK, OQPSK

and QPSK are illustrated in Fig..l.3. ‘The phase transitions
; £ -
in' MSK and OQPSK waveforms oceur at, every T laconda, but the ,

convem:ionul. QPSK waveform has ttansiti.onl only at 2T seconds

: the behaviour can' be explained by sxamining the phanntrm\gea'

as shown in

continuous phage as shown in Fig. 113,

e figure. In addiclon, MSK waveform has

fhe offset QPSK' and

v, 3




s()

- i
% »
19 X

‘\’ ’ .’ 7

3 * ’ e
N y
i . T “ay 8 e
L ay(t)cos (nti21) | /° 4 1 "

a;(njqos(s}irgr) ; A

- cos 2nfct

 aqt) sir (mt/21)

aq(hsin (/2T)
+ sin 2mfet

0BT 4T - T

' [

mﬂ /\/J/\y’\

\/\/\/

FIG. u\ M_sx WAVEFORMS .




. QPSK waveforns have abrupt phase transitions as. shown in
i Tt : Y ;

Eiquveal 3. . / o B

. In offset QPSK phase change can be either +90° or
I-—‘JO' But in the case of QPSK the phase’ 7trani1tion of 180°%
id also possible. J possibility of 150' phase change in
. the QPSK modulatiun results in out ‘of band rudiation on t'he

satelh.te ﬂwnlink due to'the iimiting e:sens -of the

transpoder.  Since the maximum(p asible pmse change is 907 .
i

in the o!fsev_ QPSK, ‘the gut. of/bana {aterference is mach:
\ i
cession of out of

“reduced [Pasupathy\(l979)]. Furthet. st)

banﬂ 1nte!‘ference is obtained *n the case of MSK due to its

3 5 ‘

‘continuoun phase nature. | 1 cr AT,
1.3 Cochannel Interference 4 &

The radio spectrum’ limitations have caused the
necessity to shate the same frequency bA{-d between satellite
communication systems and terrestrial mictovave networka.

Aluo, thé above limitation has neceasitated t‘he considerauon

n satellite

and impi on of f

cblinnunicatian systems.  The b ndwidt‘h esﬂc ency of the

satellite communication aystama can ,be in ased by utilizing

the same carrier frequency pore than once., Sharing the same °

"\ frequency ‘band with terrestrial nesworks and the <

frequency-reuse’ ;nueellite systems ‘result in an ihovense 4n

the level' of .cochannel interference.
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% 5 " Cochannel interference is defined as an )

[ - stems ‘from the fact that the basié problam of sg;’pzral 2

i : ’

interference having'the same frequency as that of - the

Car!‘iet. The dource of t‘hiu lnterference could be a cross
i

polarized signal emanated from the ‘same satellite, an
intermoaulation sroduct, or a signal from a' grount microwave

link operatinq in t'he same band as the receivs earth’ & R

,v.emsnax. /9 ¥ "
The | mativation for the ‘study’ of cochannel o

Lnterference in bandwidth efficient modulaticn tacbnlques y
congestion 15 not solved but anly ‘lessened,by the use of =

b?ndwidth-efficl.ent modulation'techniques ary sslnsitivq to
the cocharinel interference [Cruz and Sifpson (i981)1. Even
with thelbest technology available today, cochannel . i
intérference, rather than thermal noise T I .

interference (ISI) due to the finite bandwidth of the filters.,

in the system, is found to'be the dominant cause of

on [K n dy and. Shimbo (1991)] At the

pe
same time, there has. been only Linitea available analytical . . .

work for evaluating the effects of cochannel interference 'in
“ -

a nonlinear satellite system. - .
1.4 Literature Review. - SN - S

In this section we briefly review the previous work




i

" ‘probability ot binary and quaternary PSK cxammxsuom. .

“ofthe performance: evaluation of. quadrature-carrie rodulated

signals :ﬁLam_j.tcad throigh, sitellité channels.,

F‘o:séy'm—. al. (1978) have ¢onsidered a ‘sa':Su;u.a e
ehannel exﬁibi:xng AM-AM and, AM-PH nunlinearities-.
fndependent narrowband Gausuian random prm:essu were assuma

on plink and d@? ink._ For this model they hava detived an

-expression yr s rtdt ptobabi.lity of Meary BSK algnals.' I

’Phi! error !obabilit xpreulbn ‘has besn obtulned 1n tems

| of ‘an tnginite se:Les. They have ‘also analysed.the effel:t of

TWT- input: puwer backoff on.the error. pr:obabxlity. and o ¢

that it is ok:x-_imum to operate the T at the !aturatiqn

‘ 7~
I

regioh. i
T linknave s Aghvami (1980) also have studied the . !

: | g
performance of M-ary CPSK signals transmitted through a

satellite ch%nnel. Their method is computationally superior

ey
to that obtained by Forsey et al. (1978) aspecially for 5

multi-level m>4) cesK signalling. . s 5

-~ Hathews and Aghvami (1981) have also extended their.
_previois wcrk‘ to include thé case when cochanriel interfereﬂ:e
is present along with ‘the additive white Gaussian, miaa. £

They have derived exact expressions for the symbol error 1

’X‘he effett of CW tone 1nterference and interayln'bul
interference (ISI) on the error rate performance Gf coherent ~~

MPSK signals transmitted ‘through nonlinear satellite channels




: on both the llnks b\lt the sEfect of‘ interuymbol inﬁet‘faram:e tJ

- 1.5 Olltll e of the 'l'hel S E -

s been analysed by Huang ot ol | 1901). In 'théu 'mo'dal é & 4

oE coc‘hannel interferencc on qpsx s{,g)\nls tranamitted through

a nonlinear !atellite c'hannel. The af’fect of addltive\\

Rscent].y, eXpussions for the bit ertor rate gf MSK

and OQPSK’ signals t\:ansmiﬁ:ed th!ough na bandu.mited nonlinear

In

his wotk, additive Gaussiun noiu was audumm! t:o ‘b, ptaunt

" had been considemd anly !h the uplink‘ It wus hown

conditions. ol . g e

" The objective ©of the presant ‘work la to fnvesﬁgate .

the effec

. of coc‘hannel 1m~.sr£"enca on' t:he orrar «rata

performmca of MSK and OQPBI( |1qnqla trhhsmiﬁ:ted !hrough a




annel., The\ satellxt channel is: auumaa to ;

r) both h /AM ,and A‘M/PM nanlmeaziuee.

p{nbabui‘ &£ 0QPSK signaln is ohm.ned in Chuptet 3.

_nynerical avaluatio

siqnnuing techniques qe g esénted in Chaptqr 4. In Chapt

5. cuncluslans are drawn .and 4 few uuggestiona are made_ £or

'Fhe additive &




.-

ta “ - 'CHAPTER 2V !

BIT ERROR RATE. EXPRESSTON:- FOR,

MINIMUM 'SHIFT -KEYING .SIGNALS

2.1 In'f.raaucuon . w, FTBL

LN 'l‘his chnptar deals with the davelopmene uf an’,

eror prahabilxty € mininai shife

Gaussian noise and coch: :‘el interﬂerence' (cc;[). The effect

Fxtstly, the affect ot multiple cnchunnal

-intarnée‘ff in’the uplink is analysed apd an expression for

the ‘bit error: rate: u«obtainad. - The joint p:ébamncy

. rc‘hararztatist-ic funcuon. A pawel’ se\‘iea expénsion is

employed t3 describe the" joint characteristic funqtion of the,

puir of random Varlables defining aac‘n cochannel interferer'

An’ ‘ipreusxon fqr t'.he bu-. etror .

dausaiun noiue is analyueﬂ.‘




sine ]
) : . . the'absenc of i‘ enca is Obtained. Pinally,‘

probabllity. The mpm: binavy $tream arn.vss at a ral

— bit/sec and is separated into .two streams aé(t) and u (:)

inke eren: e\f\'om a’ aource havin | the Qame frequency as th
of tﬁe Ca!‘tiet. 'l"he bundwid’th éf - the: transmitmr .ﬂltan

satellita ﬁlter and ;he recej.var Eute aré auumed o be <
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" amplification using a TWT amplifier. The MWT amplifier
1nttoduces\ bandpaas nanuneaucy which exhibits both- AM/AM
and MM/PM conversion éffects. That is, for a.sinusoidal
. xnput, the output is a sinusoid whose amplitude and phase are
: nm?unear functions of u.e input’ amplitude.

urther

O In v.he downlink the rectansmitted nignal is

cqrrupted by additive thermal noise to form the receiver
' Lopit ‘sighal, © . NN i o i

iy % he receiver cche‘rem:ly demodulates’ the: received

t) into ipphase ;and

2. 3 DecisionCivéuit Input .- ° !
The output |of the transmitter, sy (t), which

inérpovates inphase ‘and ‘quad channels offset by one

'bit auvation as in MSK signals. may be expressed as «

l(t) q(t-kT) cos w,t B

= E a, q(t-kT) sin w t
X daa X e (2.1)

- The binary data ay are assumed to be independent and

identically distributed and take’on the valugs +1 or -1'with

equal p:obubility.
. The pul.se Ihape q(t) is defined £or ns:( as




g,

e

 narrowband process

signalcarriert. §

\ ) : 18 - /

| . . i W
A cos (wt/27) ~T<t<T
ate) = { Bl " elsewhere (2.2)

Since the data a, are independent, in the foudwiné
analysis it is sufficient to consider.the signal during any

‘data interval say -T<t<T.

In the uplink. siqnal s‘(t) is corrupted by uplink /

additive Gaussian noise n'(t) and cochannel interference
cle). ! ! '

The filperac) uplink noise n'(t) i® represented as.a

n'(t) = n (t)‘ccs ugt

alr.x ugt (2.3)

where n! and n are-independent, zero mean Gaussiah processes

of variance uuz. Eqn. (2.3) implies that the satellite

bandpass filter centre frequency is the frequency of the .
The cachannel interferer! (ch 8) are asaumed to be
criginated 1ndspendent1y of each ‘other, the transmitted \
“signal s,{t) and the nolse. sources. In general, cct may be \
the sum Of the effects of H(H“1,2,...) interferers each
having the same. ci ne: Srequency as ¢, (t). " The CCI duting
any data interval -1\<t<1' my be teptesanted au P

H
C(t) = : Ak(t)tcos ut cou ok - sin wot in ¢k]

. . " (2.4)

H
+  The expresgions ' I (t) cos ¢, 4and
oy k




-

A.k(t.) sin ‘x are the inphase and Tuadnture caponsnu of
k-

the Gochaiinal intecference. A, is the amplitude and 4 'is

the random phase of the k" interferer,

The signal entering ‘the bandpass nonlinearity

" during the data xnurvu ZT<t<T'is the sum of s (e), n'(t)

and c(t) and may \a written as
8, (t) -.-1(:) + n'(t) + clt)
5 x(t) cos ugt - y(t) sinu t  (2.5)
By using -trignometric identities Eqn. (2.5) can-be written

as . ~

-‘(t) = R(t) c;-[m y x(\] ‘ .
‘\thare:

TR(e) = (8 yAe)
3 e = tan M y(£)/x()]

a > H
x(t) = a; q(t) + I.A (t) cos ¢ + n!
o e A % *Rg
(6) (e+m) (em + T A
t) =a t+T) + a t=T) + I t) si +n'
y 3 @ 2 q y Axle) sinaon]
In Eqn. (2.7), R(t) and A(t) are the amplitude and phase

angle of the sighal s, (t); x(t) and y(t) are the quadrature

,' comgonann of 8; (e): aoq(t.) is the linpha-a signal componcnt;

nnd a_ja(t+m), lq(t-’l‘) are the . signal
during the data interval-T<t<T. On amplificyggon of the
sigrnal -1(=), the TWT amplifier in the satellite:transponder
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20, .
will introduce AM/AM and AM/PM nonlinearities™to it. .
The output from the BPNL, 8o(t), "is %
5y (t) = £{R) coslut + A(t) + $(R)] - (2.8)

where £(+) “and ¢(+) denote the AM/A.M and AM/E‘M conversions < .
of the Bandpaua nonlinea!‘ity, vespectively.

. In the downlink the signal 'sn(t),is again corrupted
by the additive Gaussian noise, p"(é), whose gquadratyre )
vco;llponents are given as n;vand. ". The narrowband downlink /g‘

‘noise n"(t) is

n"(t) = ng(t) cos w,t - n"(t) sin u t (2.9)

Both: n" and n ara Zero.mean Gaussian processes of variance
2

4
93 " Therefore the received signal can be written as - .

r(t)~= so(\:) + n"(t) = £(R) cou[m £+ alt) + ¢(R)]

ni(t) cos w/ t ~ ngsinu, t (2.10)

m'e receiver demodilates the received signal r(t) into
inphasa and, quadrature baseband components by using a

coherent referance ‘carrie The inphase bnueband waveform is

sampled at t=t +kT, for even values of X and 'then a deciaion

is made.on the data 2y for these valuaa Qf k. Similarly t‘ha

is sampled at t=t;

values of k and a decision is made on the data a,'for these

+ kT for odd

values 6f k. The time t, is the instant at which fhe pulse

".q(t) attaing its peak. In this case the inphase basaband

component’ is sampled at t=0 during the data interval -T<t<T
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and’a decision is made to detemina wﬁ\ther ao is #1 or -1.

The value of the Q 1 0 will be zero
at the sampling instant t=0 due to the half sinusoidal pulse
weighting The value of the inphase baseband sample at tety,
is : . ’

x' (tg) = £(R) coslAl(ty) + o(‘R)] +n" (b)) (2.11)

since ao assumes the value *#1 ot -1 wm- equal probability,

by svnluam.nq the ertor in the decisiuh when ﬂo =+l the
probability of error can be obtained. [

:2.4 Probability of Bit Error ) } : Sy

2.4.1 conditional Pro‘babilitx nf‘ Bit ‘Error E
Initially, u—. is assumed that the quadrature

components n!’and n! of the uplink 3agitive Gaussian noise

and: the ;cochannel interference are known, and the probability

of error of the inphase baseband bit decision conditioned on'

ni, ng and the CCI random variablés a and §, gs‘de’tetmined.

The problem then reduces to ‘the determindtion of the

probability of error of the inphase baseSand bit decision

when.an additive Gaussian noise is added in the downlink to a
. sinusoid df krown amplitude and phase. The probability of -

bit error conditioned on n!, ni/And~CCI-random.vatiables may
; »

.be obtained as follows. -

a ©. By omitting ths cine variable to in Egn. (2.11) the

value of the inphase is ed as
R e




oy

b
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X' = £(R) cos (0) + : bl . (2.1%)
whete © = A(tg) + ¢(R). Also .
=x' - £(R) cost (2,13}
. 1

The probability of bit error P’ conditioned on uplink random
¥ Ok e € b P

noise and Interference is.written as . -

o A o .
=% I (x'/sdax's 30 op(x'/-1) axt’ o (2.14)
—= < ]

1, with equal probability

o B . :
I p(x'/+1) ax' sy (2.15)  »

.
.

The term £(R) cos © is known and'n’ is a Gaussifin’ random
vatiable having ero mean and variarce oy’. Hence
% » » “

2 ~(x'~£(R) cos 0)%/20,7"
. - 5

Lptx) = —L (2,16) .

-

V2n

By substituting Eqn. (2.16) in Eqn. (2.15) P is obtained as

Lo m(xt=f(R)cos 80220,
P= ) —=——e o ax' -
- 2 % -
: 20 gy Wy (2.17)
Thé ecror function erf(v) ia defined as
' - 2 Va2 .
/ ©oetf(v) =2 r e aw - (2.18)
. . /0 T . 8

and the complementary ervor function erfc(v) is defined a,(




|
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-4
P
- .
' erfo(v) = l-erf(v) =2 f o™ au /\ (2.19)
= Vo
) R
Substituting u = X~ = £(R) €08 8 4. ooy 09, B, can be
V2 o .
a
written as, X . 3
. o~ 2 .
i eL=32 e au T (2,20)
-2 /i £(Rlcoss
) V20, - o

: ‘ e (2.21)

where 0. =.A(tg) + $(R) )

S 04 = variance of the downlink Gaussian ?ois;
components

The conditioning may be removed by taking t}?’ ‘expectation of

P, over nc, ng and CCI random variables? and l.

Alternatively, the copditioning on uplink random variibles
can.be removed by taking the expectation G6f Pg over the
random variables x and y which are defined in Eqn. (2.7).

Firstly we have to evaluace't.he joint prebabiuty density

f\mction (PDP) of the random variables x and'y to obtain ‘the

expeccnmn of P,. The method illustrated by Ekanayake j -
(1983) is used to obtain the joint PDF of x'and y. -
"2.4.2 Joint Probability Density Punction p(x,y) .

The avalpntl;:n of the joint PDF'p(x,y) can be done
as follows. Ptom}Eqn. (2.7.), the random variables x and y

. %“_ECEE(R) coady 1 {1 ~4evsr gn) costyy + |
I}ud




.
can be written as ‘

x = ﬂu qo +a+ -nc ) -

y=8+n} YA
whete. - ‘
: H S - ¥ -

a= I EN\cos. 4, ¢ - * A}

& M 3 . § .

and

ak(c\ sin by

‘are the. cochannel. interference due. ta H(H-l z,..
° Lnterfeter- in the inphase nnd q\lndrnturl channeis A
respectively. “Since n and n} are Gaussian zandom variables,
the joint PDFeof x and y conditional on the cochannel

interference -random variahleu a and B is obtained as .

x-g,-a &
plxy/a8) = —2 expl-(—2 2] expl-(LE )
. v o, V2 o, S

(2.23)
where o2 ia the uplink noise power.
, The generating function g(x,2) is defined by

Ahtamwitz and Stegun (1972
.. - e 2y

=_;0 a0 2” {2.24)
- .

From Eqn. '(2.2'3{‘“ can write

. >
. M 3
xqe .  C C xq 2(x-qy) aa
expl-(—2—)2] = exp -(—2 l’ expl——2— :
V2 LM V2 L (12 % )

(2. 25)




a2 25 [
B . . Using the definition of g(x,z) in equatipn (2.24) we. note
© -that - s . 55 AP o
. B Ca ‘lz(x:q;)nluz O s e
1 . ). Sexpefre=————1] .-
4 o V29, Y20, ((z.ui) >
N Vi - ‘ o
. Y = 2 (2 o~
' /2 O /2 oy :

R T P

From Eqn. (z 23) ve. can wri.\'_e

C U et (1—-) ] = exp[ (—l——) gl exp[—Y-LLl

‘ ; 2.6, 12 e o i
&, LE C o S (LJ’I) :
5 Uslng tne: daunnxen of g(x,z) in equation (2. 24). we nute : -5
o that . i

: ' ','(zza)
g o sy uubatitut&ng Ean. (2.26) in Ean. (2. 25) we can wtit:

il
=y~ ¥ 9o 2,0 1. ¢ X3
- ‘BXP[—( )21 =~expt—( N4 £ T H( )
: 3 ‘ N 2 AT A A
E - u ] : .
(. 29)
and. by lubn.ituting Eqn. (2 28) 1n Eqn- (2.27) we can wru:e




Mn suhstxtm::mg Eqn. (2. 29) and Eqn

(x.y/n.!

N

exp[—\(/_LE“).z]? éxp[-('/—L)'zl :

)'is obtained as

p(X.yi_

§ 26’
s (~—¥—-1
ml m /2 0 fe
x ( o ,
. W S 2.30)
:30)."in Eqn.

(2.23)

1n(-l-—) g
ey




* . ot the :an“dom vati.ablas «,and 8 in order to obtain

Next:, : &0_gvaluate the joint characteristic

we ha

¥ moments: of the CCI tandom variab].es B i

2.4. 3 Evaluation of the.Moments of the“
Ranﬁom Varxab].ea a, B

The joint ohara:'tatistiu function: of t}\a Imndoln
=3

variables o and’ a is Fl'len ‘by

z[axp{j(uunv) ]]

: c(t)

“Fitst,

1: A.k [ccs

ot cos -‘k

sin A !: ain ’x]

‘,_(2 34)

assume that -the. ate’

in“a single

be written as, BT el 8 TR

] E ] c(t) = A [dos m'c © coa $= ain AR ;m GE
’ T E % . '_ 3 » * (2.35)

a constamt, ‘And

" ibéing assumed 5 be Lndapandeht of 4

e ot‘h-r ran:jl\
ana uniformly’ dietributed betwean 0 and 2x." We mdy define .’

o A_z\ cos .0,

u'l'a sin

ipterference can

vnria‘nles




. -where a-and § age thé i

*. ‘theeccr., e the

I(un)

.~"l=ts.nr()

Tha p.mw.e{ Aisa conntant and 418 unuomly di-ttibutnd
- between 0 an& 2-. By -ub-:h,ncim;—o-c—x 1n sq . (2.39) va

can write

o) =




L ) . B
f_eip(js cos 0).;0-59!)60

3 pl !unctinn of the firlt. kind oE nrdor a.

e et sxnce each

fu Gtion l- the ptoduct of the ch-uct-ri tic fum:tio

each-individual intgrfeter. 'Therefore,  the joine "

iﬂtetfarer-

stic function of H in
porox = P
lwtltten as -, : .

(u.V1 = olyy 1 ) o(uz,v ) i @
@ N ;

= l( .Q(\xk,vk)

) N

1) the above: equation can be wrltta

(2.42)

1f

“where -ok and ’x are’ éne i.nphase Lha qundrlcnre epnponepts of.

hnnnel h,csrtbun are maependenc

ns of
'

anb.

(z 44)

o as

(2.45)




;
f
§
!
[
t

N

Ag shown in Appendix A, the characteristié function é(u,v)

., can' be .expanded in.a power series as

s dluv) = 1 ut v (2.46)
. rm WD @ .
' im even

We can now obtaxn t'he moment of order g+m b_y

|t F
3 - m -
y o M(u,v) et 8™ = ujn
- g i 3
BRI . 2.m
" —_ [ .b u” vl
. Fm oo doom Lm i
: A0 sutev™ o gem T ¥=8
k8 _ : ~(24m) /2 Wit g i
. = (1) R, 2omloby s (2.47)

i i - o . L
Therefore the moments of the .CCI random variables « and g are

obtained as . g

. Bt = (-1 M2 gy ‘- ) - (2.48)

‘Th tequired expression for the goim—. va p(x,y) can be
X:o obtained by substituting Eqn. (2 48) in Egn. (2 32)
' 2.434 Exgrassion for Bit Error Probability
LI The exprelsion for the bit error rate. (mm) oaniBe;

obtained by uvulunting the expectation o Gsing the joint

pmp(x,y) as Co

s .

=k (x,x) p(x,y) & a (2097
Vi 8 . ; :

R
Therafore, by subutltuti,ng e&uauona (2.21),(2.32) uga

(z 4a) in an. (z 49), the Bit ertor prc\mbilicy is, !xpreued‘
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as
oy (/2

x 7.7 ers(ERLC8 8y g (X _ gy (Y
o - V2 o 9y T2 L

x expl-(—%
V2 ¢
; . . _ (2.50)

Tha parameter Py which is the uplink carrier power to.nojge

power ratio: (cml). is. given as

L (2.51)

The downlink carrier power to noise power ratio (CNR) is

defined as . E o - .

. " (2.52)

-

where fT;(;;/Z is the average value of the downlink carriet
power. #he BER.expression given in Eqn. (2.50) can be -
simplified byjichanging ‘the variables x and y to'r and s using
the telations; y

x-q ;
= —2 and . by

: s N
P ‘ (2.53)

- 0% axp[—(rzxf')ZJGX‘dy N
5
u




&

|4 . !
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! and can be written as ;
i p =il g (-;)(“{n)/z(n yrm Pym -

] e 2 2-”“'“ u (q, )Nm

] !

2 w s x f I erflp, £(R) cos )

£2(R) . E

. g |

l’
|
|
I " %y (6 H(s) ,exp[L(rzﬂz:)‘];d}' as . /
:
¥
J
|

where .
: i B % B ;
1 o 8% = 1a? (e )2 A (ag) 210, : [ |
i ) Co(2.55) ~
1 8= (R} + tan (=i § . | ‘
: P T ‘
. Also, b, . denotes the coefficients of the power series |

expansion of thé joint characteristic fanction of the CCI
" vandom varibles a and B. ’

" The term qg denotes the agnitude of the sample at
the sampling instant which is taken as unity. The AM/AM and.

. AM/PM nonlinearlities,/Z(R) and ¢(R) respectively, are

detetmined from the Characteristics which shall be d "

A

i
\ :
illustrated.in Chapter 4 % i

2.5 Probability of Bit Error With single : . :
Cochannel Interfeger b ) (
- |

In this’ section we consider the derivation of an™

alternative expression for the bit error probability when

there is only one cochannel ‘interfever present in the uplink.

l

1

i
SR B
1

i

|
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To this end joint PDF of x and y conditional on the CCI

'/ thndom variable a‘and § from Eqn. (2.23) is rewritten as

s o X=g-a -
plx,y/a,8) = —L expl-(—2—)2] expl-(XE—)2]
) 21 o, 2 o, 2 o
1 (2.56)
where / N
¢ = Rooon § (2.57).

B=RAsgin ¢ ° .
Also, ‘A'is the amplitude and ¢ is the random phase of the CCI
which is uniformly distributed between 0 and 2r1.. Then the

PDF/p(%,y) is
5 27
plx,y) = A")'p(X.y/a,B) p(¢) d¢ . .¢  (2.58)
Therefore, by combining Eqn. (2.56) and Eqn. (2.58), joint'
# PDF p(x,y) is written as

x=q, -A'cusvo
L expl-(—2——)%)
u i )

21 o 2 o,

3 [ A 21'
EERRS 21
= u
x expl-(ERER T g
a
8

x-q, %
252 exp[-xry—)zl
- 2 0
e

1
2n o

5 expl-(
u % %y

>

. A" 2,01 .
« x expl-( ’y 1) 5%

%

N2 A{2(x"qy) cos ¢ + 2y sin ¢}
x L axp [ et
0 . 2¢u

o (2.59)




-

The integration with respect to ¢ can be carried out readily
and the joint PDF p(x,y) is obtained as * =
3 : -
o1 0 2 A
plx,y) = exp [- ==
IR 2o V26

* expl-(-2—)%1 1,(x) (2.60) .
. W2 o 1 i ) s

|
{
+(—¥2 » (2.61) . - /

{
P i

i i Z 729 -
i . Pt
t

!

" The exptenﬁion for the bit error pcobabiucy in the pcegenée .
. e of single cochannel interferer and additive Gausgian notse - : i

may be obtained by evaluating the expectation of P, given in

, Ean. (2.21) using the joint PDF p(x,y) given in Eqn. (2.60).

£(R) cos e]

: )]f[erf[
4wuu : V2 oy . i

+ (X2 ‘
72 9 '

) 2] expl- (—1—) 1 ax, ay .
2% (2.62)

x exp [~

The above expression, can-be simplified by changing the L
variablas x and y to v'and s using the relations given in
4,
+ . Eqn. (2.53). Then the probability of bit erfor P, can be .

written as B ¥ % . 5
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- . v,

£(R) cos/

§ 4 PAZ = e
P =3 -37 exp[v-(To-) 1,0 J ertlag

.0

x v "’5
*(2.63)
where R-and @ are defined in Eqn. (2.55)
2.6 Probability of Bit Evror'in the Absence  °
of Cochannel Interference .
S #  1n the absence of cochannel ln;erfarenca the. joint
- PDE p(x,y) is obtained from Ean. (2.23) as
pix,y) = —]1——2 expl~
. 2t
u :
(2.64) -

The expression for bit error probability in Gaussian case is

obtained by combining Eqn.. (2.21) and Eqn.:(2.64) '95 c.
) , 5

Sl 21 77 eeepf(R) cos s
Pgmg by f pecfli R
c e . P
u ;s d
B : ¢
¢ 0 " expl-(—X— - 21?1 exp [-(—X—)?] dx ay
V2 a - A2 o0

(2.65)

The above expression an be axpreued in uimpuﬂed fom by
§

changing the variables x and'y to T And 8 uning the velations ~

givan in Bqn. (2.53).
. The simplified expression for the BER is




36 e
W 1% D £(R) cos 6.
B =3 -7;_1_._1_ erf[pd ~—~—(—] )
£2(r) /
2.2 2
% expl-(r“+s”) ar ds . (2.66)

where R and 8 are defined in Eqg. (2.55)..

For &

= 0, the BER. expression given in y
“Eqn. (2.54)'will réduce to the Gaussian case which is given\\
in Bqn. (2.66). In the absence of cochamnel, interference;

su\)atituting the. amylitude A—ﬂ in Eqn.. (2.63) also will

provide the BER exprasslon given in mdffstich (3.66).

2.7 Gaussian Approximatiom .
. . fn this section we derive an expression for the bit
\error probability -in the presence of cochannel interference
5 and Gaussian noise which can be computed more efficiently
than the BE‘R expression derived in Section 2.4.

By approximating the cochannel interference as a

T Gaussian noise source, the total noise powet o? can be

L obtained as [Shimbo.and Fang (1973)]
. . 2 -’ 2 Tk - d
¢ 0 qk C L . ‘ (2.67)

where o2 is the sum Of the saum.an -noise power o 2 and the
coc‘hanngl intevference power ukz .

The joint characteristic function of ‘the random 1
variables o and B for H(H=1,2,...=) intetferers which. is i




et
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defined in Eqn. (2.45), may be approximated by an exponential

7
» ?
expression as suggested by Jain (1972) and ‘written as,

] s .
o(uyv) = ll1 3oty /% + v?) ¢ expl- % ukz(uz-r v4)1
k= v 5

= exp [- § 0,7 v?1 expl- 3 0,2 V)

A : (2.68)

oo N B U -
=% a? s s * (2.69)

k=1 . 4
The*probability dendity function of x'is.defined as
px) == swe ™R a0 T 1 (2.0)
By using.the above definition, the joint PDF of x and y is e

obtained from the joint characteristic function which is

approximated by'the exponential expression in Eqn. (2.68) as

.

plx,y) =

. 2 .
—=— expl= Y51 !
o 6 20
7 . @
Therefore the joint PDF Of x and y may besobtained from , °

Eqn.(2.23) By assuming a and B as zero and -can be wriften as "

: (x~
1 expl- ‘x
<

v, 0

q )2 2
plxy) = +J exp[- Y51 (2.72)
2 2.0 2 6% E

Thenabove expréssion is the same as the joint PDF p(x,y) im
the absence of cochannel interfeyence which is_given in

R . L
~Edn. (2.64), except for the difference in the noise’variance
2 . :




- " The expression for bit error probabfnty_m'ay thus

_be'recalled from Eqn. (2.65) as

g'-%.'l‘z 5 [ ecstfBlcos & "
4702 == V2 g4

- x expl-(—%- - 5 )% exp - (L—)? ax ay
N2 w S 2

. . N &l ¥ +(2,73)
. N ’ 4 3
In the above expression the noise power o° is given in Eqn.

(2.67): .The expression giVen in Eqn. (2.73) is simplified by

, changing the variables x and y to'r and s using the r,elatl.onn‘

given in Eqn. (2.53). Therefore, the BER,expression is

recalled’ from Eqn. (2:66) and written as

Vopg =il r o emerpy HBLo08 8 g (59
| -
4 £ : :
5 x np[;(r2+sz)l dr ds ‘ 2R
where '
1 J288

~ “8:= ¢(R) + tan”
7 .. f2Tva+aqy- A -
R = (f2x ot + (128 2
: .
%
20,2

2]_- 2 2
UJ Gu*ﬂk +

ol

H 5 2
I ”
e M .

N

e S
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* 3,1 Introduc

- 0gPSK signals.

CHAPTER 3

BIT ERROR RATE 'EXPRESSTON FOR OFFSET

QUADRATURE PHASE SHIFT KEYING SIGNALS

. i & ~

n : -
In'this chapter we consider c‘}\e bie 2iamu: N
'p:obabuity evaluation of offset quadrature phase shlft
&oymg (oQPsK) s1gnals which ‘have been transmttsd t‘hrough
rionlinear satellité channels u; presence of additive ;

Gan ssinn noxle and.. cochannel interferenx:e (ccx). The main

steps of the analytical procedure are smnar to that *

followed in Chapter 2, but certain modifications are required
r the reason .outlined below. '

In Lhe case .of MSK signals, due to its half

smuaoxdal pnlne weighting, the a re baseband

has a zero crassing at the sampling instant of me inphase

e there is no interference from

the quadrature baseband component. But in the case of OQPSK

signals, the quad e ha no.zero

crossing at the sampling {hgtant of the inphase baseband

Aue to” its. rectal pler pulse weighting. Therefore

the interference from _the quadr e .bageband has

) to be taken {nto account in amalyzing the bit error ‘rate of -




40+

v . ’ tig e .
Pivst we consider the case when the/sigmal is ¢
aistorted by multiple cochaniel iiterfersrs and then the case
when the signal is distorted by single Simleat el ravers
For each case we obtain the bit error rate exprelssions which

< -
are different from each other. The qprc-uiEn_EQr the

probability of ercor in- the absence ‘Of cochahnel \tnterfersnce

|

is al%o obtainhd. a

/
fooo

3.2 Decision Circuit Input .-
" The model for ‘the 0QPSK signalling

-uc-lur.e system
is the sane as for ene MSK signalling utelch system whlc'h
was shown'in Fig. 2.1. Thus the output of the ttanlmitter,

sltt)‘} “may be reproduced from Eqn. (2.1)'as |

At = T\ qlt - kT)cos w_t |
X ewven * ¥ |

-I . qlt - kMeinut \
\_, M keodd °

“The modulating pulse strean q(t), in the came of offset QPSK,

w
-

which is hlving rectangulac shape may be deflnnd\ as

a/i2 aeer -
. . (3.2)
ale) = o elsewhere. S e
~ i 53 .
In the uplink, the sijq;ll 5,(£) 18 corrupted by the § .

nadtowband Gaussian-folsgly' (£ ‘given in Eqn. (2.3) and

cochdnnel intepference o( )»given‘in Ban. .(2.4). The input

signal to mét-m amplifisf is further corrupted [during the




nénlinearities. e B . h . i =
. In the downlink, the output signal from /e :
amplifier is again by a auséian noise K

process. Thus the expression for: the Tecéived signal t(t) is

same'as in the casi of MSK signals vhich ves given in Eqn.

(2,10) and my be repmduced as -

” r(t.) =¢£(R)_ ucl[u t+ x(t) 4401 ¥ . i St

. ° 3 o
AR (t) cos' u L,— ny lifb\( i (3-“3) 3 Y
whete A (&) is do‘i ed in Eqn. 42.7) and whexe' £(R) anﬂ o(RP Spr v

arve the. A_M[m apd AM/PM nenunearitieq, rnlpeptively. After

demodulating the received signal. 'mo inphase ‘ana’ quadrature
‘baseband eompon-nn, a sample is takan tron the {nphase R
‘baserana cempongnt at €=0 dufing the data interval -T<E<T to'

decide whether a, is +1 or -1.

As mentioned in the previous

section the

on £rom the

pling

- Eqn. (22011 - '

component needs to be taken into account. at_the s

instant of the inphase baseband cc-panene.

Thus the lxprnlllon for the inphase baseband sangu

at t=0 during the data inr.-rvur_—'ucﬂ»_em.bc Written as [ct. |

x'(tg) = £(R) cos: [MEg)+ $(R)] + nity) . “




a2

AL LAl ‘:'an'?’ Ly(ty)/x(t )J L

5 o ¢ . b :
S xleg)=ay q'(tp)_.f xi1 By (tg) co
o : 3

+ T A(Eg) sifi gt
k= e

- 1 3 Probabilitx of Bit Ex‘rot x .
“3%..1. Cﬂnﬂitinnal Probubi.].).tx of B:.t Etror .

g ' ) Inxtially, 1%y aseumed that the quadracurg'

've Gausaian noise,

_componients n! and iy ‘0f the uplink\add

’ " the cob‘hannel. {nterfetence ami the interferehcs £rom the
a ' e, 3

. x .

probu\nuw of error of t,he inphase baaet@d bxe decision N

are known{ ‘and the

ccnditioned on theie random va!‘iablb! is. deeermxned. This "

L - for the!probability of error, conditionai oh nl,
. .. ny,. cCL Fandom. vatiables and laj, is tns same:as in the_cgse’
! of MSK which u given 'in('Bqn (2. 21) ‘as - : “\ »
e o
| Sy
| . S epmie % ect [—(—-————f R)_cos b (8 -
2 2 2 ud J

; * uhere 8 = Altg) J(x)la'r'.a.ad is the uplink Gaussian noisé

power. oo T RN




as follows.

* The conditioning on the random vadflables can be

\‘emved by taking the expaetation of Py over x and y which
~E o~

ave defined in Eqn. (3.5).

However, we need to lirst .
evaluute the joi&m—. prnbability density function p(x,y) which
ls detniled in eha next section.

332 Jnint Prnbability ’Density Function p(x.y/qI

The evaluatum of. the jo.int PDF p(x,y) can be done

From Eqn. (3.5)%

rundom variavles x and y\t

the- uampling u\sunt t=0 tiay be written. as

(3.7)

1

08 by

R
B : Ak(f:) sin [
In Eq‘n. (3 8). ql is t‘he interferencen from the' two

ve g

pulses a

pot

A
anda at t'he Ve

g uampuhg instant t=0,.and o' and §are ‘the couhanhel

intprterance due ‘to H(1,2... ‘@) interferers in ‘the inphau

.and

chiannels -

Since n and n. are

1y,
* Gaudsian vandon variables, n‘.a-l:n: PDF of x and v

. conditional on the cochannel 4ncecfeyéae; random variables a




A - 7
B X .
¢ .
\ g 2 44
\ <
and '8, and the : £rom ¥
ent g, is nlbtnlnnd as LR -

p(x,y/a, 8, a;) = 2 3
2 2x o

x [( )]
expl {_:

(3.9)

 where o 2 54 the ince of the a of the

‘uplink nolse. Using the generating fanctions g(x,z) detined
in Eqn., (2 24), t'hl above -quuticn can ‘be axpundud in the
form of an inﬂnstn series. The details of the derivation

were given in Chapter 2. The series axpu--xon for the

conditional ﬁnr is R \
s e ” X4
p(x.y/a,8.ay) = ;2 exp [-( %o
s 2re .
% u d %u
Y42 tim ot §"
=c=—%31 T ¢ )
S E P B o tom il
u u
i . \ ©ox-aq, y-ay T
. aG A
u (3.30)

'n\s ‘cony 1tiun1ng on the undom variables a and g is removed
by ‘averaging )(x,y/u,a,ql) over the nndou variables a'and B.

The PDF p(x,y/q;) can therefore be a;rprs--ua in e(m- of the

' moments of the cc1 random vuriab1-< as . - G G




plx,y/ap) = —t
. 2%

z
l,IJI

y-qy
x expl-(
V2

Iiau

=(
expl
;oxp 7

= q
2 50y 07,

%

)21

BLI

(

u
Ry

1z 1 )wm ELo* ¢
Lm V2 o vl

"

qI)

(3.11) -

The morents of the'CCI randon wariables Are evaluateéd from

the joint chara:‘:ce\-iguc function of 'the random variables o

*and B as delcribed in Chapter 2 ['cf‘ Eqn. (2.43) to Eqn.

(2. 45)] “tHe required for p(x,y/qI) is

obtained by subutitutir’g\tiie value,of ¥ & 'y eeci
Eqn. (2.48) in Egn. (3.11).
3.3.3 'Joint n-oghuitx Deneitx Function p(x,y)
The unconditioned PDF p(x,y) is obtained by
averaging, t‘ha conditipnal PDF p(x,y/ql) over the random
variable q; which is given in Egn. (3.8) as

9 = a_l a, +ayq (3.12)

/rc is clear from Eqn. (3.12) that q; depends upon the two

consecutive quadratun bits a_jand a,. If the two

consecutiva bits assume the value +1.as "shown in Fig. 3. 1(A),

‘then’ the from the

; 18 equal to q; at t=0. If the two cpngBéutive. bits assumé

the value -1 as shown in Fig. 3.1 (B), then: the interference

from th a; is equal to -q, at
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" the sampling instant t=0.
If the two consecutive bits assume the values +1
) . -
and -1"as in'Fig. 3.1 (c) omAl and +1 as in Fig. 3.1(D),

then the interference from the

qp s equal to zero at'thé\.!amp"l‘lng instant t=0. .Since the
four possibilities that the two consecutive bits can assume
have equal probabiiity, the probabuity density functien of
‘11' play), may.be written as

1

Cplag) = b slapr1) + L sap #1) + 2 slap) - (3.12)
3 I 4 a4 3 8

:Where &(x) 'is the Dirac-delta function. - ;:‘
As Mmentioned before the PDF p(x,y) is evalustad by

taking the expectation of the'conditional PDF p(x.y/ql) over

the ‘random variable g  ai

N . 3

‘plxiy)y = v plx,y/ap) play) dqp . . (3.14)

Using the. shifting property of dirac delta

function, Eqn. (3.14) can be easily evaluated.yialaing

play) =3 p(x,y/qI =) % 3 p(x-y/qI =-1)

p(x.y/qI =0) 5 (8, 15)
By" substituting Eqn. (3.11) in Eqn. (3.15) we can obtain the
required expression forjthe PDF p(x,y).

3.3.4 Expression for Bit Error Probability
The £inal. expression for the bit error rate (BER),




©

i obtained by eva.

using the PDF p(x,y) given in Egr. (3.15) as
oL f

% e

o= I 1 PL(xy) plx,y) dx ay

Therefore by combining Eqn. -(3.16).and Eqn. (3.15) the bit

error probability may be expressed ‘as
A L e
=%

~f Pi(x,y) p(x,y/qy = %) ax' dy
(A ; .

s e ) e
A P lx,y) P(x,y/qp = “a5) dax ay

1

*3

" pylxy) Blx,y/a; = 0) ax dy

By substituting Eqms. (3.6); (3.11), and (2.48) in
Eqfi. (3.17) we can write °

(

mbl,m-

x-

i

. xq
s ers [£RLcosty y (0
® Cf2 9a 72 Oy

x-q,

1 ax ay

i y-aq,
x exp [-(—2)%1 exp [-(——0)2
oy 2 o,
B ! . . -
The 'BER expression can be simplified by changing the
variables x and y to'r and s by using the relations

N

48

luating the expectation of Py in Ean, (3,6)

(3.18) .

i

(3:17)

}

(3.18)




Eqns. (3.19) nnd (3.20) in Eqn..(3.18) 'we can obtain t)

49
x=q,
o D, . g
V2 oy
y-aq,
s =—20 . (3.19)
72 0,
Then the expressions for R'and 0 may be obtained as
) o .-
® = g’ Lrro)? + (509,21},
' (R) -+ tan”! -”) /
L8 = 4(R) 4 tan T (o) o
SF STERy / . (3.20)

where the uplink SNR o2 = q%/20.2. By aubsutuu\" R

simplifiad expression for the bit .error rate as

(o) M0

*iH,(x) Hy(s) expl-(x?+s")] dr as | (5 o)

3.4 Ptobnhilltx of Bit Error .i.n the Presence of Single
Cochannel Intecrferer. *

In this -‘uc‘uen, we whall derive an expression for
the bit error rate of 0QPSK uiqnala whan the uignul is
corrupted by single cochannel interferer in the’ uplink. Fov

this purpose, the joint PDF.of x and y conditioned on- the

I
]
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interference from g q; is

obtained by uding Eqn. (2.60) as

plx,y/ay) = —+
. 2r o

(3.22)

(3.23)

Y-
—)" %
3 % Z o
In the above expressions, A is the amplitude of the CCI and

% is the.variance .of the quadrature compopents of the

uplink Gaussian noise. The PDF p(x,y) may be obtained' by the

method illustrated in Section 3.3.3. By substituting’
Eqn. (3.15) in Eqn. (3.22) we can dbtain the required
expression fot the POF p(x.y). gl ar nt .

"The expression fot the bit error probability s
then .obtained by combining Egns. (3.6), (3.15), and (3.22)

!




R i 51
+1 2 N *
1 lya" (1 X A 2
p.=21 (5° {3~ expl~(; )41
e 212 2 gng 2o,
xf f everf(R) cos 8
4 o /2oy
3 a /%4 y-aq, .
x TR /(02 (=02
u V2o, . V2

fu
x=q, y-aqq
x exp[—(——o—)z»] exp[-.(—,:.—o)z ax ay}
u (3.24)
The nbove expression can be simplifi\ed by changing the

variables x and y to t‘ and s using the ralatlons given in

Eqns. (3.19) and (3.20) as . RN o
’ +1° ' : BrRY
i 1,02 1 5L uP 2
P=35: (3) 5 = 5= expl-(——)“1
2.1 12 (3 = g7 exnl %
'.‘ LI . ‘ L
x I erelp, £(BLcos 0 ’ N
i o 2(r) - &
' %7 ar as} -
v . B (3 25) °

3.5 Probability of Bit Error in the Absence of\ - ' . . ‘&

Cochannel Tntetference
When ERere is no cocannel interference, the signal

will e distorted by Gaussian noise only and the ¥ -

comgesponding expression for the bit error probability ia .

obtained by using the PDF p(x,y) as explained below. The
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Sn' the quadrature baseband

N ¥
join®\PDF of x and y conditioned,

t q; in the ab of c 1 interfevence is

obtair/)ed from Eqn. (3.9) by setting a and § to zero, whencé
- . i i

2

x=q
plx,y/ap) = —t— oxpl-(= 02
2 Ty 2 %

(3.26).
The conditioning on qr. LB temcved Dby using the methoé
described in Section'3.3.3 and the required expressiorx ot
the PDF p(x,y) ‘i.n Dbﬁ?lined by substituting Eqn. (3.15) in

'_Eqn. (3.26). The desired BER expression in the absence of

‘ . : (3.15) and (3.26) as

The above expréssion is simpli: i fied by hangfnqme vatriables
x and y to r and s using the relations given in Eqn. (3.19)
and (3,20) as ' :

cochannel 1nterfevance is devived by ealnbini.ng Eqns. (3.6),

o lya®(1 4 £(R) cosd
p,=51 (3°(5- 5T erf i)
o= g E Bl ,,“21-. B e
x expl ( o, }
L % - (3.2m)
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3.6 Gauséi‘anhh'ggroximation 2
Assuming that the cochannel intecference \g due to

a Gaussian noise .source, the peéfomnce Of 0QPSK signals in
the presence of cci can be approximated by u:i;\g the
expression derived for the ervor rate perfoﬁagce in the
absence of CCI. The BER expression for. this approximation is
obtained from Eqn. (3.27) by ‘changing the uplink noise powet

s, to o% where o? is the ‘sum of the Gaussian noise power o’

and the cochannel intetference power akz. The equivalent CCI

- gowsr o, is obtained as described in Section 2.7.. .’




.i

i

m/AH nanlinaarity actording to this fodel is

CHAPTER 4

NUMERICAL INVESTIGATIONS AND RESULTS

4.1 Introduction .

“ In thik chapter, a numerical investigation of the
BER expressions derived in Chapter 2 and Chapter 3 -for MSK4
and OQPSK signalling are presented. The transmission channel
nonlinearity is modelled as a hgrﬂvumiting repeater and a’
satellite repeater dnd the investigation of each‘modsl is
carried out. ‘l'he bit error rates are computed when the
ai.qnals are can-upe.ed by a Bingle cCI and muu:s.ple CCI's and
are presented in graphical form. The error Des L6rARGE |

curves  in tha absence of ‘cochannel i.nterference are al 0

pzenented. - v iE v il

4.2 Channel Models

-4.2.1° Traveliing Wave Tubd Model 5 B

The amplitude and phase nanlineuritiss cbserveﬂ' in

actual TH'I‘ ampleiers can be x'epresentad using the deeT

* glvep by Thomas'et al. (1974). ' Tre ‘analytical expteslicn “for

(a{coa[lugm(R/R)/ﬂ] =g,k
£(R) = 10

5 ' R<R
col ' R TP

4 - o
where R denotes the amplitude of thie input voltage

corresponding to saturation’and.«,p and K are constants




chosen o f£it the data. The model given by Berman and-Mahle
(1970), after modifying some constants as aquew homas

(1974); canPe.used to fepresent the ‘AM/PM
i

et al.

nonlinearity.

o(R) = Kj[1 - éxp(-K, RZ) 1Ky RZ .2
. where X, K, and K, ate cona!:ants chosén to fit, maas).med
"Gata. The AM/AM and m/pm characcensuc- of 'mw Dsc 11
shtellite tranagonder ‘s shown in Pi.g. 4.1 ['moms et-al.
(1974')] Fot. this tranaponder, the Values. for ithe constants,

ate obtai.ned as a

394, p
K20.602, K,=0.66, K,=1/102,4. We shall use the above:
trandponder characteristics for numerical evaluation of the = &

“ecror rates-in Section 4.5.

"4.2,2  Hard-Limiter Model

In pwet-limlted cmmnals, it 15 desirable cq
operate the ™ ‘amplifier in the sacu;auon _region in otdu‘ h
for maximum utilization of the available power. - In. this
reqiun. “the amplitude nonunaaru_y sx‘h:\.bLt harahmtxng type
chnrac:qristic. Therefore, if one neg;ec: the phau i
nonlinearity asuming, that the receiver can cqmpensate for. the
phase ‘dz.sr.ottion, tranaponder ‘AM/AM conversion effect can be

modelled by a hardlimiter whose input-output characteristic.

: The functionil form of AM/PM rionlinearity is .4

P .
0475 “K=0.355, R=2.317," 1 .

T
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- characteristic fun

b :
-using. the known values of Hermite polynomials.

whére a is the clipping voltage. Thlajtranafar

"characteristic is shown in Pig. 4.2." The m/m convutsion
.

of a hard-limiter is zero for all R.

Computational Details |
The. numerical ‘evaluation.of- the error rate

expressions: derived in Chapte“!:u 2-and 3 involves. computation

of Hermite polynomials, Bess¢l function, 'erf'’ furiction and

Qouble, integrals. jso.’n s required to expand the
i

on. af the.CCI random variables”in a

* power -series. The putpoue of this sectinn is: to, dencriba the

ueed in v oin deta&l‘
4.3, 1 General - °

The Heemite polynomial obey the recurterce

N velationahip

n+1(‘) -2 H (x) + 2n H (x) =0

i sy & ' n-1z...
J L

(4.4)
,colnputer programme i writtén fof recursive camputation of -

Hermite po!.ynomia!.a usil the above £omu1a. ’l‘he values,
Hy(%)=1 and H,(x)=2x are used for initiating the “recursive

Prodedure, for a given argument x. The' progtam is tested

) /In Chapters 3 and 4y ‘we have seen that it s’ . - °

nacessacy to, xpand the charul:terht!.c function of the CCI

" -
; g ]
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random variables in a power Qa?xes W order to compute the
error rutes. The power series expanlion 18 obtained by
employing the series multiplication formulas as outlined in
Appendix A. A computer ptogram that can perform
miltiplication of M power series is written and used for
ohtaining the required coefficient of the power series -
expansion of the chgracteristic function. Since thi

nultiplication involves multiplication of H number £ Bessel

. furictions, the accuracy of the program is verifidd by

comparing - with the known values'of- the Bessel funcuon of the
order zero’' given by Ahramothz and Stegun (1972).

’n\e modified Bessel function of the first “ind of
the order ze‘ro, I, (X)i is computed using the double p:acuion

version of tHie IMSL subroutine 'HHBSIO' The etror funution

erf(x) is evaluated using the double precision “IMSL
! % ~

subroutine

'DERF"'..

’

-« The double 1ntegra'1| in bit ervor. rate expressions

are nuM!‘icaLly evaluated using Cartesian products of

Gauss-Hermite quadiature formulas. .Spot checks are made with
computations of the double litegrals using the double
precision version of ‘the IMM:tlue 'DBLIN' ana ‘the
convergence 'is ‘obtained up to three signficant digitsw

. For ervor rates greater than 1070, 34' and 47 point
-quadrature formulas provide converqanee up to thres

significant digits. , For the errot rates in the range 1076 to
boots




Y

-12

10712, the 47 and 52 point quadrature formulas give resulta

identical to thyee significant digits. Therefore thp 47

point quadrature formula is judged sufficient in our Yange of

ir:veetlgation. ) . o ¥
In all our computations we have found that the .

infinite series can.be terminated after 24- terms providing

accuracy up to three significant digits. In other words,.the

. n\.lmbel‘ of terms of the double series consiﬂnrcd are =24 and -~

m=24. I
4.3.2 Downlink Carrier Power < .

The average Value of the downlink carrier powet, -

£ (R), in the BER axpreuion- is cnmpum by avaraging f (;‘L P

| over the random varisbles x and y /") et

Z(r) = Ble (.4 4991 = : ¥ I +y2)plx,y)dx dy

y & \ ta.5)

By substituting the value of p(x,y). from Eqn.\z.azi the

abiove equation can be wru'tan as. -+

f(ﬂ)=IrE(/ P'-

2

exp[ ( 1

u

)2 1)(L-1~m)/z

0 Kexp[(l——)]: (——
”: u“ L,m ﬂa

~ X Hgl—— )H(

',.. m/_ )axdy - (4.6)
o Bius &

&% 3 LN




. z..«—»r«ﬁ; =8

~
» . " ¥ i
and y to r and s using the relations r-(x-qo)//Z o, and
s=Y/V2 o,+ whence - o .

P ‘ .
£2(r) ‘=.‘1_r X 7(_‘1)(1.-#1\1)/2( yrm Pynm
2m (qqy)
o 2,2
% J 1 £7(R) H(r) H (s) expl-(r“+s”)]ar ds
\ (4.7),
where Rz = a2 lcke )% + 821} /po2
99 u Py e )
The values computed from the’above exprgssion are used to .

obtain ‘the biyr:’ec) rates -£or variolsfiflink and- downlink

signal ‘o n7

conpared with the bit ecror. rates cptained by approxirating

pouer'ratids. These bit error rates are

E (R) as ! (qd).‘ 'I'hnafure tabulatsd in Table 4.1, * Fyom

_this compau-on,ie 1s.clear that F2(R) can be approximated by

£2(qy): e ‘advantage is significant saving in the

, computational effort.

Bit error vates of MSK signals in thq a’nunce of

1 are and plcttad in Fig. 4. 3

“~for a hard-limited channel. In nll "thése figural, the

wertical axis ‘represents the logarithimic value of the bit

error rate and the horizontal axis repre

‘ signal to noise power ratio in decibels.

nts the downlink

xdenc%cgi matkers.
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.the absence of ¢ 14

. g 64

76 EeA. ta) LHALoRES the Gucvas snowlng e eciot Sertetaanes
in the presence of and absence of CCI but having_the same
uplink SNR. The error rates are plotted against the downlink
SNR; keeping uplink SNR as a parameter. The Pouy wrirves
gesignatSd 'NO CCI' are computed éar the uplink SNR values
6aB, 9dB, 12 4B and 14 dB, assuming that there is no
cochanneynterference in the uplink. It is evident from

thes¥ curves that as we increase the downlink SNR the errot/

rate ases ‘and a value. These error
‘tes wete found €0, be in good agreement with the published
ecror performance cutves of Jain and Blachman (1973).,

Similarly, the bh: error ratea of"0QPSK signnls in —

‘plotted in Fig., 4.4 for havd-limited channel for the same

uplink SNR values as in Fid. 4.3. Xhe behaviour of jhe curves

is the same as in the case of MSK signals.. These erof rates
are compated wlth those obtained by Ekanayake (1983) for ‘a
0PSK signals under the influence of intevsymbol interference!
fot 'a hard-1inited channel and found to be within ‘the,
acteptable linits. ¢

4.5 Parfomnnca of MSK and 0QPSK Sigmll
.n_the Presence of One CCI

;% 4.5.1 ,Hard-linited Channel : h .
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| of single ccr ave computed:using both the series, expression
(2.54) and the expression without power series given by
(2.63). The vesults obtained by the two methods are’

identical up to 8 significant' digits. The performance curves

are obtaifed for the uplink SNR values 6 d8, 9 d8, 12 dB and
14 dB. The four curVes designated '-10 dB CCI' vepresent the
evtor petformance u’nd.;r the influence of single CCI of

interference power ~10 4 relative to the signal pgwer.

L The' bit ‘error rates of 0QPSK signals in' the

! . \p;esem:e of single CCI are’ computed by using both the series
I } expresslon given in Eqn. (3.21) and the non-serles expression
given in Eqn. (3.25).

pckey : )
are ment_xcax‘ up to 8:aignificany dlgits. The error

performance curves are obtained for the same uplink SNR

The interferenc power is agsumed to be -10 dB relative to

the signal powet. It is evident from Figure, 4.3 afid 4.4 4Nat
{

£or low uplink ENR the ercdt rate deceases slowly and finally

reacies a conghant valus at velativelk lower values of

" "~ Rhs we increasa tha upunk Lhe error rate
Ses rapidly lnd reaches a conltant vilue ‘bt for

. relatively higher values of the downl s By uomp"i.ng

Figures 4.3 and 4.4 it can that the p

of MSK is superior -to 0QPSK For all the values of uplink and

downlink SNR's.

The values obtuined by’ the two methods

N\ - parameters as s\n the previous case and shown in Fig: 4.4,
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4.5.2 ' Channel 3

oz B . .
. In this section we investigate the ‘effect of TWT'
y input pﬁ‘let backoff from the saturation region on the bit
: o .
error performance of MSK and 0QPSK signals. The AM/AM and

AM/PM conversion effects.of various TWT operating points are

mveml;atad by using the model’ explained in Section 4.2. In
the present investigation the receiver s’ considered to’ be a
phasé compensated type as explained bélow: When the uplink
noise and interference are absent, the m/pu nonnneanr.y
will result in a fhase shift Q(A), where A is the envelope of
Em fnput signal to ‘the TT. Bt in the preserce of notse
_interference, the phase disf.on:ton ¢(R) int!oducad by tha
" TWT will be different from ¢(A) and varies randonily With

time. In a phasa cumpensated recaivalﬁ it is assuied m-m—. the

,receiver is ‘aesigned _so that it subtracts the constant’ p'hase

shift ¢(A) from the instantaneous phase ‘distortion ¢(R).
' That'is, ‘the ove‘ra‘ll AM-PM conversion-is o(R)-o(A)..
when the TWT. is cperated at tha Baturat_ion region
it is refen—ed to a8 -the input’power backof£ 0 dB. This s’

accomplished by nettlng the operatinq voltage & to R which'is

TWT “in the linear region; ‘input voltage needs to be reduced

below'R, and this case is generally refered to'as 1nput

power backof£". The input power backoff value 1s givan as

201ogm(|1/ﬁ) where R i3 the irput voltage.

equal to 2. a7 as gigen in Flg: 4.4, In’ order to operate the,
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Figures 4.5.to 4.8 shov the atr‘&r curves of MSK
signals far mm' inpuc pbwar backoff 0 dB, -2dB, —-4 @B and
—6aB. 1 eac‘h figare thers, are foar erroc cu:v)es obtained in
- the ab-ance of CCI" for the same uplj.nk SNR paramatera

mentioned .before. 7 The dorraspondihg error tats cugves in the

prasgm:o of .single CCI of intertaren.::e powet -m dB is also
shoin in'each. of tne nfonmen:i&ea figwrea’ ¥nen the uplink
"sWR'is smll, the enor Tate dacreases slowly as we incteaie
t'hu downlink SNR.- Aluo, f.h( eryor rate mnd! to bottom _off‘
fot rezaciveu low Values: of downlink Snu. - Under . this

3 oandit{on the an'cr rate Aa Bolaly 1nﬂ\aenced by, t.he upnnx

hind and intatﬁsrenco and the’ chai 'ax is sald to o uplink

llmited. On ‘tha othuv hand, Wh.n Ehe upu.nk SNR is hig'h, (:'he

grror rate decrenaes rapldly as ve inc\'eaan t‘ha ammunx SNR

an\i thd! to bcf,toln fo at high valies of dovmlink SNR. 'l'hi.s i

affuct can be explainad by the fact’ that the downlink nolse
becomes important 1n ite effett onthe ervor rite at high

-uplink SNR and the - channal‘muy,hs considered as ,dwnlvim!

1inited. . e

L g Y
< The sttect bf e xnput power backoft . atfects the

bit evror. purfo!‘mnee Ln two, wa; Bnckofﬁ from the'

utumtion causés the TWT to oparate in' the linear region

whare “the mpugua. dependant: phase. .hm s talntively
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‘uplink ard downlink SNR's and ‘causes an h%é in error
tate. i e, . .

" Ft¥!igu_r

we incr-uu the backoff and operate in thé linear region the

4.5 to 4.8+1t can be observed tnat as

error. rate increases Zor au upunk ana dmmunk m'u. As
explainealbefore, this is because of the raduction in m/pn‘
‘converison effect due €o the THT input pover ba-:xoffvv‘ihi_ch
has much less effect on the error rate in a phase. compensated
receiver. . The uducélon in sthe uplinl:.‘aﬂd downlink SNR will
be the predominant factor as we increna the TWT input power
backoff, thereby cnu-l.nq higher error rates. 7

‘The effect of the input- power backoff on the error
p-r:omance of OQPSK signals ar’a shown in Pigurol 4 9 to
4.12. In each figure ere-dre four curves -nwsng the error
perfomnce in the lbnance of CCI and unot.het tour cnrvau
Qnowing the performarice under the influence of CCI. As
before, the tesults show that the efror rate performance .
'duqt_adu as we increase the TWT input power backoff for a1
the Values of'uplink and downlink SNR's.

) Thus we can conclude,that, frm the point of viw )
of error performance, it is desirable to opcrata tha TWT
_amplg.ﬂ.ar at ‘saturation for.all uplink and downli k SNR's.
This co‘l:clrunion is valiad for .both MSK and OQPSK signalling.

schemes. By eghpui.ng the MSK and OQPSK error performance

curves in Figures 4.5 to 4.12 one can note that MSK-has lower

: .\ - | e
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error rates than OQPSK at all the input power backoff

“values. .

.4.5.3 Comparigon of Hard-Limiter Model and TWT Model
In'this section we compare ‘the error performance of

MSK and OQPSK signals transmitted through a hard-limited

ehannel and a TWI chani c'hnnnal

assumed to bg 0 dB.

.'By compating the perfamunce of MSK signals thrqugh
the-two.models shown in Fig. 4.3 and Fig. 4.5, it can be
“observed that for low uplink suR (< 12 dB) the hard-limiter
model provides nearly the same result compared to the WY
model. Bt for high uplink SNR (> 12 dB) the hard-limitér .
model is fount to y'i;].d high error rates. 'A“he same

Gonclusion can be madbe for 0QPSK signals by uomparinq Figures -
- 4:4 and 4\g,  Thevefore the hard-limiter-model can ‘provide

raalonubly nccurats arror rate eatimaeu at low uplink SNR

" for both MSK and OQPSK signals. For hiqh uplink SNR, it

provides an upper bound on the performance.

)

4.6 "Error Performance in the Presence of
Multiple Cochannel Interferers P

1 4:6‘1 Exact Method . . *
The bit errar vate of MSK nignall tran-mitted
ve

thrcugh a hard-] umited 1cﬁunne1 iu computsd uqing r.hn snriaa

-xprauion giwan in an. (: 54) for various ‘egual pover

‘power  of the CCI is

-

B =




" requires vely less, conp time.

assumed to be -20 dB to obtain the performance curves in a ’

propet range for all the patameteérs. Fig. 4.13 shows the

error performance curves of MSK signals when the uplink SNR Lo s

“is 14 dB. These error rates are&put-d assuning the MSK

-Xgnala are affected by -everal equal pour cochannel .
pm:fauu. N . ’ i
As it is axpectad, the écrov. performance degrades )
as we increase the number of cochannél iriterferars affecting
the signal. The comput_ucicn‘ t.:l_.mg \taquina for .error rate o
calolation grows rapidiy With the tiickesan. 58 Me HabEE GE ¢
interferers. In the follgwng section, we compare the resylts
wgeh_ahoga ot;«:aihad by ln\lppt’eximtve ue»-miquu,'wmch " .
4.6.2 . Gaussian Ao roximation Method - =
The bit .rror rates of us)( -1>nnl| :nn-mltud

u-rouqh a hua-u-xua' channel are computed using the . Oy
expreuion- (2. 74 md%zds) for variou- equal power *

cochannél interferer:

The error performance curves are

obtained for the

me parameters as in the exact 'ut.hqd and

lhuwn ln Piq.— l 14.

we B’y conpnr/lng ?1guus 4 13 and 4.14 one can note

r.hn for 1ow downlink SKR (¢ 10 dB), the Gaussiin ° 5
upproximt!.on method give st the same errot rates as the . ...

ex ct muthed. For high downlink SNR's, (> 10 as) tha g 4
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s, s “lar ﬂl’nﬁu{x ian Appn:,i.ungﬁ.:m

Therefore 1f the




; / intarfsfence hl! been auuumud to’ 'be p!esent only 111 t'he

| 5.1 .Contributions of This Thedds = - ' -

~ .CHAPTER 5

.CONCLUSION

’In this ehes!.s we have 1nvaux.)u ad zhe euor
pertgmanca of MSK qn;! OQPSK aigrulu which l‘.ave been

transmittad through a two—lin'k nanlineau ﬂtellite ehanne .

Bot:'h hurd-limited uhﬂ TWT ciidnnel models have Been' cqn-ldsrad

*in the analysiso.-

uplin‘k- 'l}‘he amplltuds ana phase nnnlinaarity of ej.‘e

Dutlined bel.ow.

muuy, the 51@

MSK. and 0QPSK sig Jals un _the influence os muluple\
cacmnnel 1ncerfa)+e=s have been derived in the forn o,{

Lnﬂ.nite series which ave valid for both’ hawd-u.m,gtdd

us for TWT channel modelu. secnndlyi altsrnatxva sxpranions

£or performance avaluaucn of MSK and OQPSI(‘gignals in t'h

-of singld o1 1 huva ‘been deti*vad.

'l’hale AXpl‘uusibns do nol: ‘contain i.nlinitc series and

cnn be don-v

'l‘he effact DE G;ulsian oise in both ‘the
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been obtained for the two signalling techniques. Finally, a
simple expression which can be computed more efficiently than
the expression which contain infinite series has been
derived by approximating the CCI to an equivalent Gaussian
noise source.

The numerical results for the error rate of the two
signalling schemes have been presented for both hard-limited
and TWT channel models. The time required for all the error
rate computations were found to be moderate.

The effect of TWT input power backoff from
saturation on the error rate was investigated numerically for
both MSK and OQPSK signals. The optimum operating region was
found to be the saturation region for all uplink and downlink
signal to noise power ratios for both MSK and OQPSK
signalling techniques.

The effect of multiple cochannel interferers has
been investigated only for MSK signals. The channel model in
this case was assumed to be a hard-limiter. The numerical
results were computed using the power series method as well
as the Gaussian approximation method. The Gaussian
approximation method was found to yield accurate results for
low (< 10 dB) downlink SNR's. However the results indicate
that the Gaussian approximation method is reasonably valid
even for high downlink signal to noise power ratios when the

number of interferers is high.
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From the numerical investigation of the two
signalling techniques it is concluded that MSK is superior to
OQPSK under all signal and noise conditions. The performance
degradation of OQPSK signals can be explained from the fact
that there is an interference from the quadrature baseband
component at the sampling instant of the inphase baseband
component due to its rvrectangular pulse shaping. Also we have
found that the hard-limiter model is a good replacement for

TWT model at low uplink SNR for both signalling techniques.

5.2 Recommendations for Further Research

In the present study we have not considered the
effect of intersymbol interference caused by the transmitted
filters, satellite filters and receiver filters. In practice
all these filters cause signal distortion and in turn cause
performance degradation. A detailed analysis of the effect
of CCI and intersymbol interference, introduced in both the
uplink and the downlink, on the error performance would be a
significant and useful contribution to the satellite
communication field.

In our investigation we have assumed perfect phase
and timing synchronization. But in practice both phase and
timing jitter are to be expected. Both these effects can be
taken into account if the following assumptions are made.

The distributions of these random processes are known and
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they are independent of the other random processes in the
system. Then by using the conditioning method illustrated in
Section 2.4 the expression for the bit error rate can be

obtained.
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APPENDIX A

This appendix deals with the expansion of the joint
characteristic function ¢(u,v) given in Egqn. (2.45) in a
power series.

The joint characteristic function of the CCI random

variables a and B is reproduced from Eqn. (2.45) as
s T 2
$lu,v) = T JTo(Ag V u” + v7) (A.1)
k=1

The Bessel function of the first kind of order zero in the
above equation can be expanded in a two dimensional power

series [Abramowitz and Stegun (1974)] as

U T LR S .
Fga, 7w+ vi)= 1z ‘—'—”—z(i"i)23

=0 t=0 (sl)
4 sl vz: (2s-t)
(s=t)1 €l b
(a.2)
Therefore we can write
H - © 2
¢(u,v) = 1 ) ] b u® o™ (a.3)

z
k=1 2=0 m=0 '™

The coefficient bl 5 for even values of 2 and m is obtained
.

from Eqn. (A.2) as

(_1)(l+m)/2 (iz)um
Dy = P (a.4)

L m
5 1(5)1(3)1



20

The multiplication of the two dimensional power
series can be done by using the formula given by Gradshteyn

and Ryzhik (1965) as

g i sm S - 2 m S s 2
e Sl O B R o T
(A.5)
where
2 m
(A.6)

(5] = I Z A B
om T 2o 4o Tded Pemigmed
By using the formulas given in Egns. (A.5) and (A.6)
repeatedly we can obtain the product of H two-dimensional

power series.
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