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Error Rate Performance of DS-BPSK Signal trans-
mitted through a Hard-Limiting Satellite Channel

in the presence of Interference and Noise
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ABSTRACT  The error rate equation of DS-BPSK (Direct Sequence Binary Phase Shift Keying) signal tr-
ansmitted through the nonlinear satellite transponder has been derived in the cochannel interference and downlink Ga-
ussian noise environment. The input to the satellite transponder is the superposition of DS-BPSK signal with one
interferer which is a cochannel wide-band PN signal. The error rate performance of DS-BPSK system has been
evaluated and shown in figures in terms of carrier to interference power ratio(CIR), downlink signal to noise power
ratio{downlink SNR) and process gain. In the analysis, it has been shown that the use of a hard limiter in DS-
BPSK satellite system leads to the generation of narrow-band intermodulation products which is independent of the
process gain. Also it is known that the error rate performance can be improved in the low levels (below 10 dB) of
CIR as the CIR increases. As the process gain varies from 10 to 100 the curve gives the about 10 dB gain in
downlink SNR to maintain a fixed error rate.

MR PR S TR 2 1. INTRODUCTION
Dept. of Telecommunication Engineering, ) L
Hankuk Aviation College, Seoul 122 Korea. The gIOWth of satellite communications
e LESR  86~ 07 (R 1986 2. 10) capacity and capability has been revolutionary,
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a result of the flexibility provided by multiple-
access, global coverage digital satellite systems.
The unique ability of telecommunication satel-
lites has opened a new era for regional and global

communications. However, there are some pro-
blems in realizing satellite systems, that is, 1)
Interferences between channels - cochannel

interference ™ and adjacent channel interfer-
ence,?) 2) Jamming signals, 3)Uplink and down-
link noises,® 4) Intermodulation products,(4)
etc. The performance of satellite systems may
be degraded seriously by those factors. Also
there are several features in satellite communica-
tions normally not encounted in terrestrial com-
munications. These include the nonlinear pro-
perty of power limited amplifier,®) and easy
exposure to any radio frequency interference.

Pseudonoise(PN) spread spectrum techniques
have been widely studied in satellite communica-

tions because of certain features, that is, multiple

access capability, and lower susceptibility to radio
frequency interference and signal hiding.(s)

This paper presents the results of the per-
formance analysis of a direct sequence(DS) spread
spectrum binary-phase-shift-keying(BPSK) system
designed to operate through nonlinear satellite
communication systems in the presence of inter-
ference and downlink noise. The performance of
the DS(Direct Sequence) signal transmitted
through the nonlinear satellite channel in the en-
vironment of CW interference and noise has been
investigated by T.C. Huang,® etc. For spread-
spectrum signals, however, the classical “‘trans-
form method”(!® cannot give a complete analy-
sis because it does not supply phase information
about the output sigrlals.(g) Consequently, the
transform method must be modified to enable
a useful analysis of PN spread-spectrum systems.
Thus we analyze the error rate performance of
DS-BPSK signal by using analysis method in
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Fig. 1 Analysis model (a) overall configuration, (b) satellite transponder, (c) receiver.
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Ref. (9) in this paper. We assumed here that the
interference signal is a cochannel wide band PN
signal, for example, the signal of another subs-
criber in a spread spectrum multiple access(SSMA)
system.

2. ANALYSIS MODEL

Fig. 1 shows the block diagram of the analy-
sis model. An overall configuration is given in

Fig. 1 (a). In a satellite transponder given in Fig. 1

(b), it consists of the input bandpass filter BP;, the '

hard limiter, and the output bandpass filter BP,.
The bandpass filters are assumed to be ideal
filters with the bandwidth equal to the band-
width of the DS-BPSK signal x(t), and the input
to the satellite transponder consists of the super-
position of the DS-BPSK signal x(t) with one
interferer ¢(t) which is a cocnannel wide-band
PN signal.

2.1 DS-BPSK signal: x(t)
DS-BPSK signal x(t) may be represented as

x(t)=AC, (t) cos {wct+ Pet (1)

A data,
C, (t) . PN code signal,

we [ carrier frequency,

where

$. . phase.

2.2 Interference signal: q(t)

The interference signal q(t) is assumed to
be modulated with amplitude B and carrier fre-
quency w. which is the same as carrier frequency
of DS-BPSK signal, and also assumed to be a wide-
band signal with its own PN code C,(t) and thus
a PN spread signal, for example, the signal of
another subscriber in a spread-spectrum-multiple-
access(SSMA) system. Then it may be expressed
as

q(t)=B C, (t)cos {wet t¢,} (2)
66

where B ! data,
C, (1) I PN code signal,
#, . phase.

Here we now make a major simplifying
assumption, namely that the PN codes C,(t)
and C,(t) have the same chip rate and the phases
$: and ¢,
$z and 4, are low frequency signals compared

are constani. Actually the phase
to the chip rate of the PN sequences and the
carrier frequency /. , and thus the effect of the
phases can be neglected in the analysis of this
paper (especially in the analysis of a PN spread
spectrum system).

2.3 Hard - Limiter

2.3.1 Input signal: u(t)

The input to the satellite transponder is the
superposition of the DS-BPSK signal x(t) with the
interferer ¢(t), thus

wity =x(t) +qfit) {3}
=~A C, (1) cos wt+B C, (t)cos wct.

2.3.2 Output signal: (1)

The output » as a function of the input
u of a hard limiter with a transfer characteristic
g(u) can be represented by means of the inverse
Fourier transform of the transfer function G(Gw)=
2/jiw and thus the output of the hard limiter

can be written as (See Appendix-1)

1

v(t) *'2" wa Gijw)

exp {jw (AC, (t)cos wct +BC, (t)cos wcl)tdw

AT Ly aw a, Bw
JT S W

| 2J,(Bw (J)ECH(t) J, (Aw) cosiwt

) 3
=1
$2Jy (Aw) i (j)XCE(t) Jn (Bw) coskwet

FaS B Gt CEa) J, (Aw)
1 k=1

- Jo.(Bw) cosiwct cos kwetldw (4)
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where Ji(Aw) denotes the bessel function of the
first kind, order i and argument Aw.

The bandpass filter BP removes higher har-
monics from v(t) to produce r(t).

r) =2 87 140, (Bw) € (1) Uy (4w)

—wo W

coswel

+ 2J,(Aw) C, (t) J, (Bw) cos uct

+2 55 (= 1)1 C 1) CH) Jeo (Aw)
*J, (Bw) cosut
+2 3 (—1)%Ch ) CEYe)

k=1
“Jx (Aw) Jpoy (Bw) coswclt dw,

2.4 Receiver

2.4.1 Input signal: z(t)
The despread signal 2(t) in Fig. 1 (c) can be
represented as

2(t)=71(t) C,(t)+nq (1) C, (1)

©

1 Jo(BwW J,(Aw) dw coswt

o W

I

Ao Ao

L

-+

i _i)Jo (Aw) J, (Bw) dw

@]

—~
~ T
z

C.(t) coswt

(— 1)t Ci(t) Ci(t) cos wet

+
N o
e

™ Lo caw) J, (B dw

+% > (— 1)*CH' (t) CF' (t) cos wcl

o

" Laam) du (Bw) dw

+ng(t) C, (1) (6)

where n,(t) denotes a downlink Gaussian noise.

The representation of z(t) according to (6)
enables the identification of each term, that is,

information signal term, interfering term, inter-
modulation products term, and downlink noise

term.

(a) Information signal term.

2, (1) = Aycos wet (7)
4 (=
where A;= - So %TJ., (Bw) J, (Aw) dw
B 4 @a-1) [(2a—3) 7) [ B
& o )

(B?/A?) denotes interference power to carrier

power ratio.

(b) Interference signal term

Zq(t):chl (t)C2(t) Coswct (8)
4 (=
where =2 So %Jo(AW) J, (Bw)dw
_ i 2 @ ((2n—1)/])°? {13‘2\"
A r A 2%(ntl)(nr)? \AY/

(¢) Intermodulation product term( See
Appendix— 1)

> Agy coswet+t de A orcoswt
k: 0

t.even

qu(t):

o0

+ 2 A C () Cy(t)cos wet

i:0dd

+ 35 AwnCy (1) Cy(1) coswet

k:even

{7 e (4w
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i} (2n+2k— 1) 7 (2@;* 1)
MR (nb kb 1)

S BT

\oaz )

(d) Downlink noise term

ny(t) =N cos (wet+ &) (10
where pdf(§ )= -2‘1*” .
znd(t)‘vnd(z)cl(” :'""NC,(t) cos (wct4 & )
=N cos (wet 1 &)
{1

where the variance of 2z, (t) can be represented as

oly=0c'/ P (12)
6% > variance of downlink white
Gaussian noise
P process gain of PN code
C, (1)

<: Bandwidth of BP,( or BP,)\
Bandwidth of BP, /.

The p.d.f (probability density function)
of zng (1) is given by

1
df [ zng (1)) = — e
pat L e Vo (a/VP)
cexp (-x"/ 2"/ P)). {13

The input signal of the receiver thus can be written
as

Z(H) = 2, 08) + 2, (1) + 2 (8) + 2,0 (2). (14

3. PROBABILITY OF ERROR

Input signal of the level comparator (out-
put of Integrated & Dump filter) may be writen
as

68

1
2y Axt AR Ryt A + At (1)

where
Ay T A ot cos® wat di
T .)o q 2 c »
o 1 T
A= 33 0 ) A ) o)
.cos’w.t di,
o0 1 T
A= 5 o) A€ )

-cos’w.t di,

l & 1 =
R‘; 2 i:eZv:en AI‘”' Rz - 2 k%d qu"'

4

!
ne~ ; cos ¢ (Gaussian random variable).

&

In the analysis of spread spectrum system,
when the process gain is high the effect of the
interference containing the term of a multiplica-
tion of C,(t) and C,(t) can be neglected. The
information data stream assumed in this paper
has only two possible states; +1 and -1, and in
most practical digital transmission systems, data-
stream randomizers assure that the transmitted
signals have equal probabilities.®) Thus we can
find the probability of error by considering only
one case of +1 or -1 for equiprobable randomized
data streams. In this analysis, we consider the
case of +1.

Then the probability of error is
1
P, =prob. [ ,)A,c'#Rd R,tn,<0], (16

and p.d.f. can be represented as

1 ;
plne) = ow o ©XP (=ng /20n,) (1)
nd

where 0%, ! power of z.4(1).

Finally, the probability of detection error is
given by
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—TAg-—leﬁz 1
P.= S_w ow oL P (—n&/ 20%) dn,
nd
1 1 1
) erfc [7;— (E As+R,+R,)] (19
nd

where erfc (x) = 2 Sw exp (—t%) dt.

NEERP

4. NUMERICAL RESULTS AND DIS-

CUSSIONS

The results derived in the previous section
have been used to evaluate the performance of
the system. Numerical results are presented in
Fig. 2 - Fig. 7 in terms of CIR (carrier to inter-
ference power ratio), downlink SNR (downlink
signal to noise power ratio) and the process gain
P to illustrate the effects of a hard limiter. The
results here are similar to that of Ref. (3), but we
should notice that the value of downlink SNR in
Ref. (3) is two times larger than that of this paper.
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Fig.2 Error rate performance of DS-BPSK signal with
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Thus in comparison of downlink SNR’s between

two papers, the value of SNR’s in Ref. (3) is

3dB-smaller than the SNR’s in this paper.

From the numerical results, we have known that;

(1) Fig. 2 shows the effect on the error rate
performance of DS-BPSK signal produced

by the hard limiter in satellite transponder
for a fixed process gain of 15dB with the
parameter of CIR and the function of down-
link SNR. It can be seen from Fig. 2 that
when the CIR is less than 10dB the error
rate performance is improved remarkably,
héwever, when the CIR is above 30dB the
performance cannot be improved any more
by increasing the values of CIR.

(2) For a fixed process gain of 20dB, the improve- 10°°
ments on the error rate performance is pre-
sented in Fig. 3 with the parameter of CIR o 125 ,én ,,,115 - !10 15 é :

and the function of downlink SNR. In this downlink SNR, dB

Fig 5 Effects of process gains in DS-BPSK satellite
system{CIR = 5dB).

10
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ERROR PROBABILITY

CIR: 5dB
P * Process Gain

—_
<
-

P T T T T Ty

figure, we have also known that as the CIR
increases the amount of performance improve-

ments becomes less and less. !
(3) In Fig. 4, the value of a fixed process gain
is 30dB. Since the value of a fixed process
gain is high, it shows that the amount of Wl

performance improvement between T
1.0dB and 2.0dB, r = 2.0dB and 5.0dB is
very large compared with Fig. 2 and Fig. 3.

(4) Fig. 5 is plotted to show the effect of process
gain in combating interference for a fixed
CIR of 5dB as the parameter of process gain
and the function of downlink SNR. As the
process gain varies from 10 to 100 the curve
gives the about 10dB gain in downlink SNR
to maintain a fixed error probability P=
1073,

(5) Fig. 6 is the performance curve with a fixed 10°°
CIR of 10dB with process gain as a parameter
and downlink SNR as a function.

i

RROR PROBABILITY

E

CIR [ 10dB

P [ Process Gain

T T T T T T i

| | | | l

0025 —20 15 -1 -5 0 5
(6) Also the effect of process gain in combating downlink SNR, dB
interference is illustrated in Fig. 7 for a fixed Fig. 6 Effects of process gains in DS-BPSK staellite

CIR of 20dB system(CIR = 10dB) .
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(CIR=20dB).

5. CONCLUSIONS

This paper presented the error rate perform-
ance of the DS-BPSK signal transmitted over the
nonlinear satellite transponder in the presence
of cochannel interference and downlink Gaussian
noise. We have known that a hard limiter in
the satellite transponder leads to the generation
of strong narrow band intermodulation products
at the output of a receiver. Since the power of
this intermodulation product is independent of
the process gain, in the worst case, the antijam-
ming capability may be lost completely even with
large “process gain” when the power of inter-
modulation products is equal to that of the
information signal.

Our numerical results have been computed
and shown that the error probability becomes
less according to the increase of the process gain

and CIR. Especially the error rate performance

can be improved as the process gain increases
when the CIR is less than 20dB.

APPENDIX
[. The exponential functions may be written

exp {JwAC, (1) coswct}
=cos {Aw C,(t) cosw .t}
+jsin {AwC, (t) cos wct}.
(I—1)

Since the PN code signal C,(t) attains only the
values +1 or -1, (I-1) simplifies to

exp {jw AC, (t) cosw .t}
=cos {Aw cos wt!}
+jC, (t) sin{Awcosw.t}.
(I-2)

And the cosine and sine terms in (I-2) may be
written

cos {Aw cos wett=Jy (Aw)+ 2 Z:{ (—1)*
*Jor (Aw) cos 2kw .t

sin {Aw cos wct}

~ 2 f; (—1)% Jopss (Aw) cos (2k+1) wet.
(I—3)

The exponential function in (I-2) thus may be
written as

exp {jw AC, (1) cos wct!
—Jy (Aw) + 2 i (j)* CE (1)

“Je(Aw) cosk wet. (1 -4)

If. In the expression of (6), it has been assumed
that the signals C,(t) and C,(t) attain only the
values +1 and -1. The result of the product
C,(1)+C,(t) raised to an even power thus becomes
1. Consequently, the terms in the last two sum-

mations of (6) do not depend upon C;(t) or
71



REEEBEE 86— 2 Vol. 11 No. 1

C,(t) when i is even and k is odd. Thus the last
two terms of (6) may be represented as

2

Zre(t) == 33 (—1)% CH(t) Ci(1) cos wet
T oA
g“’ LT (Aw) J, (Bw) dw
2 S k k+1 K+1
+ = 2 (=1 CF'(1) CF' (1) cos wet
T k=1
Sm Luaw) doi (B dw
= ti ALy CH(t) Cl(t)coswt
+ é Aeax CF7 (1) CE7 (L) cos wel
= i qui cos wel + i qul: cos wel
ir even k:odd
+i:%d qut Cl (t) Cz(t) COS wet
‘*'kg‘:ven Ak Ci (1) Cy(t) cos wet.
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