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RESUME

Une expression est derivé pour le calcul
ae taux d'erreur pour la modulation

dite "16 - ary off set- QAM".

Le canal de transmission simulant une
sate llite est non-lineaire, avec un
bruit Gaussian additive.

Une Comparison avec la modulation
Conventionelle "™dite"™ 16 - ary QAM"
montre la superiorité de la modulation
proposé.

I- INTRODUCTION
The error increasing demand for sate-
llite Communications capacity and the
crowded conditions prevailing in many
regions of the radio spectrum combined
with the new emphasis on cigital
satellite transmission has created a
need for improved spectrum usilization
techniques.
From the spectral efficiency point of
view l6~ary QAM, and 16-ary offset with
a theoretical maximum efficiency of 4
bits/S/HZ are a very attractive modula-
tions techniques[l], In satellite
transmission, nonlinearities are encoun-
tered in both transmitting esrth station
and the satellite repeater power ampli-
fiers., The travelling wave tube {(TWT)
power amplifiers exhibits AM-:o0~-AM and
AN-to-PM effects and cause distortion
of signals having large envelope
fluctuations; such as 16-QAM.
The performance analysis of 16-QAM sina-
liing through two-link nonlinear sate-
llite channels in the presence of
additive%ausesian noise is discussed in
[27 . Referance {3}evaluate the perfor-

mance of 16-QAM scheme in the same
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This paper is concerned with the performé-
nce assess-ment of lo-ary offset quadrature
amplitude moaulation with sinusoidal —
shaping (l6-ary offset-QAM). An expression
for the symbol error probability (SEP) is
derived taking into consideration the
effect of on-board satellite TWD power
amplifier back-off from ssturation, the up-
link and down-link addetive gausslan
noilse, and ISI cawed by filtering.

The computatlion results reveal that the
performance of 1l6-ary offset QAM signals
with sinusiodal puleshaping is superior
than NLA - 16 - QAM system at all values
back-off,

enviroments considered in [2] , in addi-
tion to the effect of intersymbol inter-
tferance (ISI) introduced by filters in the
up-link channel, In this paper the perfor-
mance of 16-ary-offset QAM with sinusoidsal
sbapihg scheme in the satellite nonlinear
channel is evaluated analytically for non-
linear satellite channel in a narrowband
case considering the wp-link and down-link
noise on-board TWT power amplifier non-
linéarity, and ISI effect by filters in
the up-link channel,
II-MATHEMATICAL ANALISIS OF SEP
The digitally modulated signals (Fig.l)
which incorporate‘in-phase and quadrature
channels offset by one half symbol
duration (T,=T/2) as in MSK signal may
be expressed as
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The transmitted signal s(t) which is the
sum of the two signals s'(t) and s" (%)
that are 6-3B difference in power takes
the form (NLA-16~0 QAN/MSK) that can

be expressed as

S(t)= f: a p(t—Kﬁ)cos wot - éi 4,.p

(t-KT eXGH sin wot...(4) odd

where 4, is a random variable related to
%aki dndibk§ by the relation d =a,+2b, .

The signal s(t) is bandlimited by a filter
whose lmpulse response is:

H(t)=2h(t) cos LA R R R TR N 6-)
signal s(t) is siven by

k
5, ()= 2:. d,q(t=KT{)Cos w b~ gga d, q(t-KT)
sin LA PP &)

waere,

q(t) = p(E) # B(E) vevovevsssnsocse {(7)
After corruption with up-link narrowband
gausslon nolse, the siznal Sz(t) is 3

S2(t)=R(t) Jos Wt o+ P(E)  veee. (8)
where

B2 (4)=X° (6)+1° <t> P (t)=tan ™t [Y(6)/x(t)),
x(t)=d q(t)+ ;z; 4 q(t-KT)+n (&) and

even
Y(t)= 2 & q(t-KTl)+nus (%)
oda £

t) and n
nuc( ) us " ¢ )
processes each with zero mean and variance

(t) are independent gaussizn

Gvi . The signal Sz(t) i amplified by the
TWT amplifier on board of the satellite,
thus:

SB(t)=F(R)cos [W0t+¢(t)+ V/CR)—-EJ ese (9)
where F(R) and ¥ (R) denote the AN-AM and
AM=-PM conversion. The signal S,(%) is now
corrupted with the down-link AGN, thus:
S4(t)=F(R)Cos[:wot+ﬂ(t)+ ¥ (R)-€] +ny, ()

Cos W t - n4 (t) sin w t ees(10)

where ndc(t) and ng (t) are the in-phase
and gquadrature components of narrowband
down~link noise., The receiver coherently
demodulates the input signal Sq(t) with
the refrrence carrier, to gzet the inphase
anu fedrature baseband components:

%, (§)=F(R)Cos [ #(t)+ ¢ (R)- £]+n (8)

YQ(t)=F(R)sin [ )+ & (R)=£ +nds(t).

The ISI due to up-link filtering is taken

into conslderation. Omitting the time

variable, the rancom variables x anc Y

X = doqo+ X+ Die
essees (11)

¥y o= ﬁ + 0,

may be written as

where,

and gy q(t—KT), at K=0 and q_=q(t) where,
oL anc B are the ISI in the in-phase and
quadrature channels, respoectively.

The sywmbol error probability SEP can be
expressed as:

Pe=h [ Pe,p, + pe,A] ceeenns
whete Pe,n, and Pe,p, ares
Pe,n, =l-l/2nm = 1)(l+m)/2(1/;/202)1+“%m

(12)
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:[/E—erf Q'-F(R )Cos & )/ W] exp [

- 4
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The computation of expressions of Pe, A 1

and Pe, A 2 requlre the knowled.e of

Flay)y ¢ (e)y O\u: Qqo, blam:€ and 4'.

dach double integral defining the condition-

al error probabiilicies Pe, A, and Pe,A,z

is numerically evaluated Using the Cartesian

products of gauss-Hermite guadrature

formulas [41 .

Figse(2) & (3) show the dependence of SEP

on the down link SNE 52 for different

values of 2BT (normalized bandwidth). The

up-link SNE f£2 =18dB, and the back-off

values are B, =6,9dB.

III-CONCLUSIONS
The NLA-160 GAM/LSK signal is shown to
be less sensitive to the nonlinear
operation of the on-board satellite
travelling wave tube power amplifier
(TWTA). This is due to signal shaping
anc¢ the one half symbol duration over—
lapping between the in-phase and quadra~-
ture components of the .enerated signal.
The comparison of the NLA~16-QAM/QPSK
and NLA-16=-0QAM/MSK signals from the
polnt of view of spectral shaping is
performed on the basis of spectral
Suspli, oL &PSK and WSK siinals, respe-
ctively, The conclusion of that study
snows that the rate of spectral decay
of NLA-16-0GAM/MSK signal is too much
higher than NLA~16-GANM/QPSK, also higher
power is included in smaller bandwidth
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exceeds 1,5 the normalized bandwidthe

The results of comparison reveal that

the performausce of NLA-~16~0QAaM/KisK

system is superior than that of NLA-16-
QAb/QPSE at all values of back-off i.e

at all nonlinear regions of operations of
the on~board satellite TWTA.
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