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Error Performance of BPSK and QPSK Signals with Diversity
Reception in Mobile-Satellite Communication Channel

=13

=T O] mpes. I A] ZEwe

[ -

2

Olok

i
(Hae Cheon Park* + Young Heung Kang™ - In Kwan Hwan ** . Sung Joon Cho™*)
g g £ g g

SET- o

][]

e ze} ke AR A 7hzh shabg WA v azhgo
g 4oj ojgk BPSKA1 59 QPSK215 9] 28458 ZAsI
?5“1}3’— 74t £ My A tholul Ao et Adg wHat A9A ‘%O]‘ﬂ*lEIEI LIR= Rt

& N} RWEE paigon, Add goluae e SEYEehrd tih A o4t SHERALE 3
WE 7]# (CMT)L o] &8t §E39ch ©8-2 Gauss Quadrature Formulast A} 01" &
sted AlLbakT)

o

[}

0

r”

Abstract

zqste ol 94 B2 TWTAS Bl A

C e a Azae] Holde Riclan #X&
b

The error performance of BPSK and QPSK signals with diversity reception in mobile-satellite channel is

investigated considering nonlinearity of TWT (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,
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I. Introduction

The major difference between mohile-satellite com-
munication and terrestrial mobile communication is in
path loss, noise environment, and fading charac-
teristics[1], That is, in the analysis of mobile-satel-
lite communication channel, not only an analysis for
the environment of the fixed satellite communication
channel but also an analysis for the mobile environ-
ment should be considered.

The objective of this paper is to investigate the er-
ror performances of BPSK (Binary Phase Shift
Keying) & QPSK (Quaternary Phase Shift Keying)
signals transmitted in the mobile-satellite channel
considering nonlinearity of TWT amplifier in the
presence of AWGN (Additive White Gaussian Noise)
on the uplink and downlink paths and the degree
that the diversity schemes can bring the error per-
formance up 1n said system environment.

For mobile-satellite communication, the channels
can be modeled in most cases as non-frequency selec-
tive Rician channels for which the fading amplitude
obeys a Rician distribution. It is known that fading
degrades the performance of communication systems.
The fade margin for BPSK and QPSK systems on
channel 1mparred by Rician fading has been
examined, and some error performances considering
just the path loss on the downlink and Rician channel
had been derived|[2].

For the fixed satellite communication, however,
the error performances considering the path losses on
the uplink and downlink had been analyzed, and it
had been proven through such analyses that the
uplink noise parameter has a serious effect on the
system performance[3, 4, 5].

Therefore, in mobile-satellite commurication, the
analysis of the error performance considering the

uplink noise parameter in addition to the conven-

tional analyses is required in order that it may be
used as a method for the design of the system to re-
duce the degradation of such system.

Accordingly, this paper provides the overall per-
formance analysis considering the physical envir-
onments, that 1s, the path losses on the uplink and
downlink, nonlinear TWT (Travelling Wave Tube)
amplifier, Rician channel, and finally the diversity re-
ception for improving the error performance.

The overall performance is obtained by using the
discrete value for the Rician pdf firstly obtained in
this paper by applying the Classical Moment Tech-
nique that is more accurate than Gauss Quadrature
Formula being generally used to solve complex per-

formance function,
II. System Model

A bandlimited nonlinear mobile-satellite communi-
cation system is modelled as shown in [Fig. 1] in
which the effect of fading and diversity reception is
considered in the downlink path with AWGN in the
uplink and the downlink paths. We also assume that
the bandwidth of the downlink filter in wide enough
to pass the transponder output without significant

distortion,

Let us consider the PSK signal sequence to be
modeled as

mit) = V2P ;p(t—kT)cos(wct-FGk) (1)

where P is the transmitted signal power, T is the
symbol duration, w. is the angular frequency of car-

rier, By is the transmitted phase taken from one of M
-phases {%}f—i, i=0, 1, - M—1} and p(t) represents

pulse shaping and unity over each symbol duration,
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(Fig. 1] System model for PSK mobile satellite

communication.

We assume 6, the phases of the transmitted signal,
to be equally likely. Supposing that the front end fil-

ter at the satellite repeater is transparent, we can ex-

press the uplink signal as

x(t) =ml(t) +ny(t) (2)

nu(t) = nye(t) cos wet — nys(t) sin wet (3)

In Eq(3), ny(t) is a narrowband Gaussian noise and
nu(t), nu(t) are baseband Gaussian process. Since
the uplink noise 1s a narrowband Gaussian process,
the envelope R and the phase # of signal in uplink
path is identical with the case of a sine wave plus a

narrowband Gaussian process as given in ref.[3]

x(t) =R(t) cos(wet +8p+n(t)) (4)

The joint pdf (probahility density function) of R and
n is given in ref.[12]

Pu(R, 5) Zﬁ-

R?+ 2p — 2+/2pR cos 4 ]

2%

-exp [— (5)

The output signal of the transponder is expressed
as(3]
38

y(t) =1£(R) cos(awct + 8+ nlt) +g(R)) (6)

where f(R) represents the AM /AM conversion and
g(R) AM /PM conversion at the satellite transpon-
der. These two functions characterize the memory-
less bandpass nonlinearity.

The transponder output y(t) is attenuated and
faded in the downlink path. The envelope of atte-
nuated and faded signal becomes F(R). We assume

the slow fading with a normalized amplitude

| F(R)?

—\/r) which is Rician distributed[13],
F(R)?

then the pdf of p is given by

plp) =2p(1+K) exp[ — K — p*(1+K}]

- I(2pV(1+K)): p=>0 (7)
where the parameter K is the power ratio of coherent
(line-of-sight) component to noncoherent (diffuse)
component, Rayleigh fading is a special case of the

Rician fading model and is corresponding to K=0

which charactenzes terrestrial mobile radio channel.
Expressing again the Eq.[7] with p= \{% (ks in-

stantaneous downlink CNRy, yu; average CNRy),
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Assuming that the received signal corrupted by
the Rician fading in each diversity branch are
uncorrelated, we drived the pdf of the output instan-
taneous signal to noise ratio, p(y), at the M-branch
SC diversity reception circuit as based on the pro-
cedure given in the referencel 10]. Let y be the maxi-

mum CNR, and its pdf p(y) can be expressed as

I
() =M1 = QUVER, |2

~£;‘$_—I<—Lexp[ —K————(H—A)]

K+K)

[2\/

9)

where 7 is the average CNR per symbol on each di-
versity reception.

In Eq. (9), we can see that the pdf p(y) is the
same as Rician pdf in case of one branch (M=1).

And then the transponder output signal y(t) is
mixed with Gaussian noise ng(t) with zero mean and
power spectral density No/2. We assume a conven-
tional demodulator which includes a receiver filter, a
sampler taking samples at an optimum instant on the
quadrature and inphase channels. It is assumed that
the carrier tracking loop will provide the mean phase
g of the phase randomness due to AM /PM distor-
tion, The decision device shall determine the
transmitted phase based on the observation of the

sample which can be expressed as

r=2z+ng
T =7 + s

4 cho]u]

J41e} 441719 ¢ 48 BPSK % QPSK 415.¢) 28 £4
where,

=F(Rg) cos{Op+n+gRy) —8) (12)
Z =F(Ry) sinl(fy+n+g(Ro) — 8) (13}

Ry and # represent the envelope R and phase 5

sampled at t =t, The pair (1, 1) is processed by the
signal detector to determine which one of M phases,
8, was transmitted according to the phase decision

zone in which (r,T) lies as shown in (Fig. 2].

A Ds

i st
L
7 +g(R) -g
> nc
%

(Fig. 2] Decision zone for detecting transmitted phase.

In this mobile-satellite system, the TWT amplifier
is typically characterized for AM /AM and AM /PM

as follows[11]

f(R) =2 R/(1+p.R? (14)
g(R)=ay R?/ (14 puR?) (15)
where,

2 = 1.9638, Ba=0.945
ap = 2.5293, fr=2.81638

The transfer function of the above typical TWT
amplifier is shown in [Fig. 3].
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[Fig. 3] Transfer characteristic of TWTA.

I. Conditional Error Rate

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

zone of—l%?— radian centered at §,=0" Then, the con-

ditional average error rate may be expressed as(6, 7]

Pe(ndge, ngs | R, 7, y):—%—erfc[ Z ] for BPSK
V204

Pelnge, nas, 1R, y, ) :—% erfcl drlM J+L erfel dom ]
20d 2

v \/Eo'd
_ dim dam
1 erfcl o Terfe( Ton 1 (16

for QPSK
where,
z=F(R) cos(n+ (g(R) —T)) (17-a)
dm=F(R) sin(% -n—(g(R) -2 (17-b)
dm=F(R) sin(% -n—(g(R) -8 (17-c)

For convenience, we dropped the subscript ‘0’ for all R,
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IV. Average Error Rate

The conditional error rate Pelng, nelR, 5 )
should be averaged over the statistics of R, » which
are functions of the uplink noise and 7 of the selector
output CNR,

Thus, the average error rate is represented by

PE: f(‘ i‘” fo Pe(ndc, ndSle m 7)

)
.

- Pu(R, n) p(;)dR dn dy (18)

In order to find the more exact average error rate
and simplify the calculation, the standard Gauss

quadrature rule to carry out the expectation over R

1s used as
R R+ 2p — 2v2pR cosy
Pu(R, n) = 5 -
(R. ) 2ne; expl 267 J

(R +2p cos n)? ]
207

- exp[ - (19)

In the Eq.(19), for convenience, define a variable

R — V2p cos n 20)

X =
\/2_(7 u

Thus the Eq.(18) can be expressed as follows:

Pg= i‘l f—" [lh(R', n) pi{R’, n)
JoJu Jo

-ply) eX dx dndy (21)

Sy R’ P .
pi(R’, n) - expl 7 sin 0]

h(R', 11) :Pe<ndcY nds|R’, y, ",')
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R'= V2(gux+ VP cos y)

cos n

Here the SC diversity pdf of the random variable
can be expressed as Eq. (9).
Then, the Nth moment of ; is represented by

Un = “(1 S plydy (22)

)

From Eqgs. (9) and (22), we can show that (see Ap-
pendix A)

yn=CM(Ilg)n (—glb—)exp[— K(M-1)]

M —1+i(M — 1) +m—+nj!
Z(iM)u(M—an - D+mtnt+

(23)

where,

a=(1+K) /3,
b= (K?+K) /va,

c=(1+Kle ® /v

The approximate discrete probability distribution
7 o€=1, 2, -, v) for the random variable 7 is

required to satisfy the moment constraints

yK=f\:lw¢ W (24)

The above discrete probability distribution ye, we is
obtained by the Classical Moment Technique (see

1E+00x
3|CNRd = 15 dB
1E-O1
=+ - o~ - -
1£-024 )
1£-034
1E-04% e - i
& 1E-054 | =
2 | QPSK CNRu = 10 dB
3 | QPSK CNRu = 22 dB
1E-O7§ B
1E-084 | BPSK CNRu = 3 dB
1E-093 | BPSK CNRu = 9 dB
1E-101 . . ;
2 3 4 5 6

Order of approximation

(Fig. 4] Accuracy of the ciassical moment applied to
the performance evaluation of BPSK and
QPSK signals.

Appendix B),

In general, as the order of approximation is
increased, we can obtain the more accurate perform-
ance. In this paper, we have found that only a rela-
tively low order of approximation (v<#6) is needed
for the Rician distribution (M =1 in the pdf of SC
diversity) since the numerical results approach the
same quantity as the order of approximation is
increased, and it is well shown in [Fig. 4).

Then by the Gauss Quadrature Rule and the
Classical Moment Technique for obtaiung the ap-
proximate discrete probability density y, we for the

above p(y), Pg can be expressed as

Pe= ;; ;au Cs Cm h(Xm, "n, Vl)pl(xmv ’7!1)

s (Xt vP

Ou

COS #n) (25)

where,

1, =0
u( - ):{
0, <0

11
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(Cm, X%m)=Gauss-Hermite quadrature parameters
given in ref (8)

(Cn, #n) = Weight factors for Gaussian integration
given in ref.(8)

(we, ) = Weight parameters obtained by Classical

Moment Technique
We hereby define the downlink transmission power
P4 as the output power of nonlinearity in the absence

of uplink channel noise. The downlink CNRy( =1y4) 1s

then defined as Py, 442

V. Numerical Results

The numerical results given here are for BPSK
and QPSK signals with fading factor K, using the
numerical technique presented in the previous sec-
tion, The characteristics of the TWT amplifier for
this paper are shown by the set of curves given in
(Fig. 3), and the input back-off for evaluating the
numnerical results is 2.5[dB] (see [Fig. 3)). In order
to demonstrate the convergence of the numerical
results with respect to the order of approximation
used for the Rician distribution (M =1 in the pdf of
SC diversity), [Fig. 4] shows the error performance
of BPSK and QPSK signals in the same environ-
ment,

With reference from [Fig. 5] to [Fig. 8], the error
performances of BPSK and QPSK signals with
Rician fading (M=1 in Eq.(23)) are shown, and
with reference from [Fig. 9] to [Fig. 12), the error
performances of BPSK and QPSK siganls are shown
when two-branch SC diversity (M =2 in Eq.(23)) is
adopted.

From the results of (Fig. 5] ~ (Fig. 14], it is obvi-
ous that uplink noise parameter has a serious effect
on the system performance, and particularly the case
accompanying the fading on the downlink has more

serious effect. And also we can see that for a fixed

42

fading factor K the curves of error performance con-
verge to constant values at low uplink and downlink
CNR’s,

And finally from (Fig. 9] to [Fig. 14), we can see
that the error performance degraded by fading can

be mostly compensated by diversity reception.

VI. Conclusion

This paper provides an overall performance analy-
sis to optimize the design of the BPSK and QPSK
modulation schemes including the uplink noise par-
ameter as well as nonlinear TWT amplifier in ad-
dition to the downlink fading effect presented in the
conventional analyses on mobile-satellite communica-
tion. To make possible the performance evaluation
having numerical complexity, the discrete probahility
values of the Rician pdf are firstly obtained by using
the Classical Moment Technique. The accuracy if
introducing the discrete values in evaluating the per-
formance is confirmed graphically in this paper.
Therefore, it is shown that it 1s sufficiently accurate
to be used as a method for design of the system to
reduce the degradation in the performance of mobile-
satellite channel considering nonlinearity in TWT
amplifier,

The results of numerical evaluation are given for a
fixed fading factor. It is shown that (1) the uplink
noise parameter has a serious effect on the system
performance, (2) particularly the case accompanying
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 CNR's, and (4) the error performance de-
graded by fading can be mostly compensated for by

diversity reception.
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(Fig. 5) Performance of BPSK signal with fading (K =5).
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(Fig. 6] Performance of QPSK signal with fading (K =5).
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[Fig. 8] Performance of QPSK signal with fading
(K=10).
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[Fig. 9) Performance of BPSK signal with SC diversity
(K=5).
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(Fig. 10) Performance of QPSK signal with SC diversity

(K=5).
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(Fig. 12] Performance of QPSK signal with SC diversity
(K=10).
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(Fig. 13) Comparison of BPSK and QPSK signals with
fading and SC diversity (K =5).
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Appendix A
{Derivation of Eq.(23)>

Hn= “x}'n'Miva( \/R \/M) }M-l
{

70

Using the formulas([9, 10, 16]

. (% z)rtem
Lo =3 —mG w1

and Q(x, y) =1 —exp( —%—ﬁ)

() (A2)

We can obtain u, as follows:

oK 1201 +K)

e [ o~ ]
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< ( w1+ ))'
=1 Koy

_It( 2\/Ky(1+K) ) }»\H, 1+K

70

exp| —LEK) g )

7o

I(.( 2\/ K”(} +K)) dy

Y

=CM( 55" (55) exol — K(M = 1)]

%
ey
x« t x 5
15w S e

. (Lyz
< 2
m=0 m‘F(m+l)

{e (M ~N}) +iM - 1) +m+mj!
a tM-D+iM~1D+m+m+1!
26

(23)

where a= 1+K,b= K(1+K),
n Yo
C= (1+K26_K
Y0
Appendix B

{A Construction Method for CMT)

We present an algorithm to construct the approxi-
mate discrete proability distribution ¥ ¢, we{ € =1,2,-
v)for a random variable ¥ where only moments pk,
K=10,1,2,--- are known, This approximate probability
distribution is required to satisfy the moment

constraints

e = EY:' Yo we for K<n (B.1)

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

N
g(Z) = ; ux ZK (B.2)

N
hZ)= ; unrik Z8 (B.3)

where un+1+k, K =0,1,2,- are extended moments
defined by

Uk = ;‘ Ye we for K<N+1, N+2, - (B.4)

One can show that the polynomial

uw(Z) =é uk ZK

=g(Z) + Z¥1 n(2) (B.5)
or

— we

—QZ] 1=7.2Z (B.6)

Let o(Z) =% ={1—7¢ - Z) where the degree of
the ¢(Z) is less than or equal to v. Then, one has

2(Z) o(Z)+Z¥ 1 h(Z) 6(Z) = 5(Z) (B.7)
where
nZ) = 2: wp Hoee(1=Yg + Z) (B.8)

Since the second term is of no concern, as will be-
come clear later, we shall utilize the approach of the
Euclid decoding algorithm to obtain ¢(Z) and »(Z).
First, start with two initial polynomials ¥-1(Z)=2Z"*!
and 7y(2)=g(Z).

The Euclid algorithm is performed on ¥-1(Z) and ¥;
(Z) until the degree of the hy, remainder ¥,(Z) is less

than v,

Y-(Z) = qu(Z) Yo(Z)+Y(Z) deg Yo>deg V1 (B.9)
Yo(Z) = qu(Z) YI{Z)+7Yo{Z) deg V1>deg V2 (B.10)
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Yi-2Z) = qlZ) ¥i-1(Z)+7(Z) deg ¥, -1>deg ¥, (B.11)
where q,(Z) is a quotient polynomial and %(Z) is

the 1:n remainder polynomial The above relation can

be put in a matrix form
[mm Yi-1(Z)
=W z .
¥ (2Z) Q(Z) y(2) (B.12)

where

qlZ) 1
Q(Z) = (B.13)
10
From Eq.(B.12), we obtain
|:7|~z(Z):l [7,—1(Z)J
Yo Z) =Q(Z) ) (B.14)
where
QUZ) =QuUUZ) Q(Z)--Q(Z)
“LVi2) Viel2)

Note that Ui{Z) and Vi(Z) are functions of qi(Z).
One can show that the matrix Q(Z) is nonsingular
and its determinant is equal to ( —1)'. Therefore, one

has
[yi-ﬂ) } {Vi—l(Z) - Ul-x(Z)J[ri-lm }
wo | T Vv uo iz |B1
From this results, we have for hy, division

Un(Z)g(Z) — ZNTIV(Z) = (- D" vu(Z) (B.17)
Comparing Eq.(B.7) and Eq.(B.17), we identify that

46

a(Z) :é Un(2Z) (B.18)
and

_ 1 h
7) =L (1" %@ .
A2 === 1" (B.19)

where C, is the constant term of the polynomial
Un(Z).

The roots of Un(Z) give ¥7} ¥ile., ¥7! whose
weights can be obtained from Eq.(B.19)

:__1_( (~1)"7(rchH )
T \erc(1—ve veh (B.20)

Since the long division is easy to perform, the

method of finding the weights w¢ appears to be con-
siderably simpler than other schemes which essen-

tially require solving Eq.(B.1) for (¥¢, we)
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