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ABSTRACT

The error performance of BPSK and QPSK signals in mobile-satellite channel is investigated
considering nonlinearity of TWTA (Traveling Wave Tube Amplifier) in the presence of AWGN
( Additive White Gaussian Noise) on the uplink and downlink paths. It is assumed that the fading
on the downlink path forms a Rician distribution.

The Rician distribution is approximated by discrete probability values, The values are firstly
found by Classical Moment Technique. Finally, the error probability is evaluated using approximate

discrete values of Rician distribution and the Gaussian Quadrature Formula.
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The major difference between mobile-satellite
communication and terrestrial mobile communi-
cation is in path loss, noise environment, and fa-
ding characteristics'!’. That is, in the analysis of
mobile-satellite communication channel, not only

an analysis for the environment of the fixed satel-
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lite communication channel but also analysis for
the mobile environment should be considered.

The objective of this paper is to investigate the
error performances of BPSK (Binary Phase Shift
Keying) & QPSK (Quaternary Phase Shift Key-
ing) signals transmitted over the mobile-satellite
channel considering nonlinearity of TWT ampli-
fier in the presence of AWGN (Additive White
Gaussian Noise) on the uplink and downlink paths.

For mobile-satellite communication, the channels
can be modeled in most cases, as non-frequency
selective Rician channels for which the fading am-
plitude obeys a Rician distribution, It is known
that fading degrades the performance of com-
munication systems. The fade margin for BPSK
and QPSK systems on channel impaired by Rician
fading has been examined'”’, and some error per-
formances considering just the path loss on the
downlink and Rician channel had been driven'- 4,

For the fixed satellite communication, however,
the error performances considering the path los-
ses on the uplink and downlink had been analyzed,
and it had been proven through such analyses
that the uplink noise parameter has a serious ef-
fect on the system performance!- (6 (7. &),

Therefore, in mobile-satellite communication,
the analysis on the error performance including the
uplink noise parameter as well as nonlinear TWT
amplifier in addition to the conventional analyses
considering the fading effect on the downlink
channel is required in order that it may be used
as a method for design of the system to reduce
the degradation of such system.

Accordingly, this paper provides the overall per
formance analysis considering the physical en-
vironments, that is, the path losses on the uplink
and downlink, nonlinear TWT (Travelling Wave
Tube) amplifier, and Rician channel.

The overall performance is obtained by using
the discrete values for the Rician pdf. The values
are firstly found in this paper by applying the
Classical Moment Technique that is more accu-
rate than Gauss Quadrature Formula being gener-
ally used to solve complex performance function,

. SYSTEM MODEL

A bandimited nonlinear mobile-satellite com-
munication system i1s modelled as shown in Fig. 1
in which the effect of fading is considered in the
downlink path with AWGN in the uplink and the
downlink paths. We also assume that the band-
width of the downlink filter is wide enough to
pass the transponder output without significant
distortion.

Let us consider the PSK signal sequence to be
as

m(t) = VEISE p(t—kT)cos(w.t + ) (1)
k

where P is the transmitted signal power, T is the
symbol duration, w. is the angular frequency of
carrier, 8 1s the transmitted phase taken from

one of M-phases j2n L, i=0,1, -, M—1 l. and
M J

p(t) represents pulse shaping and unity over each
symbol duration, We assume 68, the phases of
transmitted signal, to be equally likely. Suppos-
ing that the front end filter at the satellite re-
peater is transparent, we can express the uplink

signal as

x(t) =mlt) +nu(t) (2)
where

n{t) ==nu(t) coswe t —nys(t) sinwct. (3)

In Eq. (3), n,(t) is a narrowband Gaussian noise
and ny(t), nu(t) are baseband Gaussian process.
Since the uplink noise is a narrowband Gaussian
process with zero-mean and power equal to aﬁ, the
envelope R and the phase 5 of signal in uplink path
is identical with the case of a sine wave plus a
narrowband Gaussian process as given in Ref. (5)

x(t) =R(t) coslwct + 6, +nlt)). (4)
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Fig. 1. System model for PSK mobile satellite communication system.

The probability density function of R and # 1s
given in Ref. (9)

R242P -2 V2P Reosy

R 5 expl —

21 oy 20

plR, )= |

(5)

The output signal of the transponder is expressed
(%)

as

y(t) =£(R) cos{a.t + 0, +n(t) +g(R)) (6)

where f(R) represents the AM/AM conversion
and g(R) AM/PM conversion at the satellite tran
sponder. These two functions characterize the me
moryless bandpass nonlinearity. The transponder
output y(t) is attenuated and faded in downlink
path. The envelope of attenuated and faded sig
nal becomes F(R). We assume the slow fading
with a normalized amplitude p= ( \ —};L%)— | which
is Rician distributed ",

plp) =2p(1+K)expl —K—p?(14+K)]

-3

x In(2p VK(1+K)) Cp=0 {

where the parameter K is the power ratio of co-
herent (line-of-sight) component to noncoherent
(diffuse) component, Rayleigh fading is a special
case of the Rician fading model and is corre-
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sponding to K =0 which characterizes terrestrial
mobile radio channel.

And then the attenuated and faded. signal is
mixed with downlink Gaussian noise ng(t) with
zero-mean and power equal to 3.

We assume a conventional demodulator which
includes a sampler taking samples at an optimum
instant on the quadrature and inphase channels.
It 1s assumed that the carrier tracking loop will pro-
vide the mean phase g of the phase randomness
due to AM/PM distortion. The decision device sh-
all determine the transmitted phase based on the
observation of the sample which can be expressed

as
r=z+nu. z=F(R)cos{y+n+g(R)—g) (8
t 24 ne, z—F(R)sin(+n+g(R)—g)  (9)

The pair (r, r) is processed by the signal detec-
tor to determine which one of M phases, 6,, was
transmitted according to the phase decision zone
in which (r, r) lies (see Fig. 2).

In this mobile satellite system, the TWT ampli-
fier is typically characterized for AM/AM and
AM/PM as follows'®

f(R) = a,R/(1+4 8,R?), (10)
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Fig. 2. Decision zone for detecting transmitted phase.
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Fig. 3. Transfer characteristic of TWTA.

g(R) =apR?/(1+ BR?) (11)
where
a:=1,9638, £.=10.9945,

ap=2.5293, By 2.8168.

The transfer function of the above typical TWT
amplifier is shown in Fig. 3.

[ll. CONDITIONAL ERROR RATE

Without loss of generality, we assume that the
transmitted phase is zero, i.e., 6,=0". The re-
ceiver bases its decision on the pair (r, r) where
an error occurs if and only if (r, r) falls outside of

.. 2 . .
the decision zone of _I\% radian centered at §,=0°,

Then, the conditional average error rate may be
expressed as'!!- 12

A

V2o

] for BPSK,

Pe(nge, ngs, IR, n, 7):—;— erfc(
(12)

d

Pe(nge, ngs, IR, n, }’)Z—;— erfc[—-/ci—m—]

V2 o4

1 dom
+— erfc|—

2 V2 a4
1 erfc| —dhl—'\-/[——]

4 V2 aq

- erfel C}EM
2

]

V<2 ad

]

] for QPSK
(13)

where

z=F(R)cos(n+ (g(R)—g)),
dim rF(R)sin(—Z— —n—(g(R)—g)),
dout :':F(R)sin(—;i +p+(g(R)—g)).

Y = F(R)*/2 04"

IV. AVERAGE ERROR RATE

The conditional error rate Pe(ng, nes|R, 5, 7¥)
should be averaged over the statistics of R, p
which are function of the uplink noise and ¥ of
Rician fading.

Thus, the average error rate is

fx pon rx
Pe(ndc. ndis. n, Y)

lo

PE:

Jo Jo

- pu(R, 7y p(¥)dRdnd?. (14)
1227
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In order to find the more exact average error
rate and simplify the calculation, the standard
Gaussian Quadrature Rule to carry out the expec
tation over R 1s used as follows :

R?+ 2P 2 V2P Rcosy

Pu(R, ) = 2n o’i expl - 2a° ]
R P,
= = expl — — sin‘y ]
2n o} o
R— \2P :
'exp[‘——( V2 cosy) 1. (15)

2 (r;])
In the Eq. (15), for convenience, we define a va-

riable

R— v'2P cos n

V2 o0u

(16)

Thus the Eq. (14) can be expressed as follows'" :

Pe=| ““" " h(R, (R p)
cp(¥Ye dxdnd?, 17)
. R’ , P,
pu(R, y) = ———— expl — —5 siny],
N2nrou [

h(R", ﬂ):Pe(ndcy ngs | R, ", 7).,

R'= V2 (sux+ VP cosy),

cos .

au

. . . Y
Expressing again the Eq. (7) with p = V5o (¥

9

s instantaneous downlink CNRA( )— ) Yo
L a0y
R 2
average CNRy (: F)(—) ) ),
o d
(1+K
N i Ll \O R A PRy
yl! ’y(l
C Iy 2 M 1. (18)
\ 7y

Then, the Nth moment of 7 is
o = |U Y p(¥)dy. (19)
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From Eqgs. (21) and (22), we can show that (see
APPENDIX A)

K*T(m+n-+2)

= expl =K) S

! m!l"(m+l)(1+m+n)(K+l

i

)n
(20)

The approximate discrete probability distribut-
ion Yo, mg (€=1, 2, -, v) for the random vari-
able ¥ i1s required to satisfy the moment constra-
ints

;u\'fi we e (2D

1

The above discrete probability distribution %,
we 1s obtained by the Classical Moment Tech-
nique (see Appendix B).

In general, as the order of approximation is
increased, we can obtain the more accurate per-
formance. In this study, we have found that only
a relatively low order of approximation (v<6) is
needed for the Rician distribution since the nu-
merical results approach the same quantity as the

order of approximation is increased (see Fig. 4).
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1E-101 . . ;
2 3 4 5 6

Order of approximation

Fig. 4. Accuracy of the classical moment applied to the
performance evaluation of BPSK and QPSK.
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Then by the Gaussian Quadrature Rule and the
Classical Moment Technique for obtaining the ap-
proximate discrete probability density Y¢, we for
the above p(¥), Pk can be expressed as

PE:EZZ wQCnth(Xm, Nn, yll)pl(xm, 'In)
[

noom

< W Xm+ COS n) (22)
where
()= 1, 20
e, <o

(Cm, Xm):Gauss-Hermite quadrature parameters
given in Ref. (13)

(Cn, nn) :Equal weight parameters from the tr-
apezoidal integration rule

(we, o) : Weight parameters obtained by Classi-
cal Moment Technique.

V. NUMERICAL RESULTS

The numerical results given here are for BPSK
and QPSK signals with fading factor K, using the
numerical technique presented in this previous
section. The characteristics of the TWTA for
this paper are shown by the set of curves given
in Fig. 3, and the input back-off for evaluating
the numerical results is 2.5 dB (see Fig. 3). In or-
der to demonstrate the convergence of the nu-
merical results with respect to the order of ap-
roximation used for the Rician distribution, Fig, 4
shows the error performance of BPSK and QPSK
in the same environment. With investigation from
Fig. 5 to Fig. 9, it is obvious that uplink noise
parameter has a serious effect on the system per-
formance, and particularly the case accompany-
ing the fading on the downlink has more serious
effect. And also we can see that for a fixed fa-
ding factor K the curves of error performance
converge to constant values at low uplink and
downlink CNR'’s. Therefore, this presents a good

Pe
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i

CNRu *

E! _— ) 4= 3§ e

15»07! g e 12

Fig. 5. Performance of coherent BPSK system with non
fading.

e § e e e .
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Fig. 6. Performance of coherent QPSK system with non
fading.
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Fig. 7. Performance of coherent BPSK system with fa-
ding (K = 10)
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Fig. 8. Performance of coherent QPSK system with fa
ding (K= 10}
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Fig. 9. The effect of fading on BPSK and QPSK at ¢
ven CNRu,

reason why an equalizer or diversity scheme
should be necessarily adopted 1n mobile-satellite

communication system.
V. CONCLUSIONS

This paper provides an overall performance an
alysis to optimjzé the design of the BPSK and
QPSK modulation schemes including the uphink
noise parameter as well as nonlinear TW'T" ampli
fier in addition to the downlink fading effect pre
sented in the conventional analyses on mobile sat
ellite communication. To make possible the per
formance evaluation having numerical complexity,

the discrete probahility values of the Rician pdf
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are firstly obtained by using the Classical Mo-
ment Technique, The accuracy of introducing the
discrete values in evaluating the performance is
confirmed graphically in this paper. Therefore, it
is shown that it is sufficiently accurate to be used
as a method for design of the system to reduce
the degradation in the performance of mobile-sat-
ellite channel considering nonlinearity in TWT
amplifier,

The results of numerical evaluation are given
for a fixed fading factor. It is shown that (1) the
uphink noise parameter has a serious effect on the
system performance, (2) particularly the case ac-
companying the fading on the downlink has more
serious effect, (3) for a fixed fading the curves of
error performance converge to constant values at
low uplink and downlink CNRs, (4} we should be
careful not to neglect the effects of uplink noise
in analyzing the performance of a mobile-satellite
transnussion system, and (5) it is necessary that
a processing function (equalizer) be added before
the high power amplifier of the transponder and
also the diversity scheme be added at the receiv-

ing end for compensation of fading.

APPENDIX A
DERIVATION OF Eq. (20)

T ‘ yr BEL ol —k -2 (k1)
S 0 Yy
Clzy y R gy
\ 2
. o Yo
- ,”‘;Lll \ " expl—Klexpl ~ —— (K+1)]
O i i
) /[)IZ\‘ y(l\‘-f'l\) ldv
¥y
- A - Y .
‘Si\%ll expl( -~ K) | ¥7expl == (K+1)]
AN YK AR 1dy (A1)
\ Y
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Using the formula

_ & @by o ey
hNOYI=) T F o D = miFmt1)

(A.2)
and
x +y+1, xn
. exp(—at")t-“a’t——»(1+y)"1‘(-x——y—)a x
(A.3)
Rex>0, Rey>—1, Rea>0
we can obtain u, as follows :
#n:w exp(“K) El
%0 m=0
) »
K mt et 2)
%o
K+ m n
m!F(m+1)(1+m+n)(~71)( T
O
=exp(—K) Z
K o romtn+2)
Yo
m!r<m+1><1+m+n>(%ﬂ>“"*”’
0
=exp(—K) Z
K" I'm+n+2) 20)

) Fm A1) (14 m ) (B

O

APPENDIX B
A CONSTRUCTION METHOD FOR CMT

In this section, we shall present an algorithm to
construct the approximate discrete probability
distribution 7¢, we (2=1, 2, -+, v) for a random
variable ¥ where only moments ux, K=0, 1, 2,
-+, N are known, This approximate probability di-
stribution is required to satisfy the moment con
straints

w=1 we-7vE,  forK<N (B.1)

o

We set N==2v—1 and define two polynomials

g(Z)=Y% ux ZK (B.2)
RZ) =5 jansrenZ¥ (B.3)
where un+i1+x., K=0, 1, 2, -+, are extended mo-

ments defined by

=Y we 7S, for K€N+1, N+2, - (B.4)
[

One can show that the polynomial

w(Z) = : ux 28

K-

=g(Z)+ZN*1h(Z) (B.5)
or

wye

1=v 7 (B.6)

f
-

Let a(Z) =11y (17 Z) where the degree of

the o(Z) is less than or equal to v. Then, one has

g(2)a(Z) + 2N h(Z) o(Z) = n(2) (B.7)
where
NMZ) =Y wcMesell=YeZ) (B.8)

i
€=1

Since the second term is of no concern, as will
become clear later, we shall utilize the approach
of the Euclid decoding algorithm to obtain o(Z)
and n(Z).

First, start with two initial polynomials ¥ . (Z)
=7 "and %,(Z) = g{Z). The Euclid algorithm is
performed on 7. (Z) and Yo(Z) until the degree
of the hy, remainder ¥, (2} is less than v,

1231



EEE S EH it '94-7 Vol.19 No.7

Y AZ)=quZ) Y Z)+ Y (Z), deg ¥y>deg 7, (B.Y)

YUy =qlZ)Y(Z)+V:(Z). deg ¥\ >deg ¥> (B.10)

yv—'_{(Z):Ql(Z)’yl— 1(2)‘}‘7‘(2), deg Y, 1>deg Y
(B.11)

where q(Z) is a quotient polynomial and ¥/ (Z) is
the 1, remainder polynomial. The above relation

can be put in a matrix form

Y, .(2) o[ VAR
: = Qi(Z) ) ‘ (B.12)
Loy, (Z) } « R AVA
where
(Z) 1
Q(z) - { g } (B.13)
10
From Eq. (B.12), we obtain
ANVARS , T Y2 ,
{ vialz %::Q(Zw vl (B.14)
Y(Z) ] Yi(Z) .
where
QUZ) ~ QUZYQAZ) - QZ)
ulz)y U, ()
e (B.15)
ViZ)y Vo 2y |

Note that U,(Z) and V,(Z) are functions of ¢
(Z). One can show that the matrix Q(Z) is non
singular and its determinant is equal to (- 1)

Therefore, one has

Y, (Z) W(AI)I{V, z) —u, MZ)W)’ (Z)7

{ Y.(Z) } ' —VAZ) ULz Lvu D
(B.16}

From this results, we have for hy, division

U(Z)g(Z) ~ZN TV (Z) = (=17 (Z).  (B.17)
1232

a

Comparing Eq. (B.7) and Eq. (B.17), we ident-
ify that

rr(Z)'~~% Un(Z) (B.18)

and

o ,

WZ) =~z (B.19)
(/”

where C, is the constant term of the polynomial
Un(Z).
The roots of Uy(Z) give v,', ¥,' -, ¥}

v

whose weights can be obtained from Eq. (B.19)

(g

1 (—DY 77 )

— - (B.:
Co le-ell—%c 791) 20)

Since the long division is easy to perform, the
method of finding the weights we appears to be
considerably simpler than other schemes which
essentially require solving Eq. (B.1) for (Y¢, we).
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