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Abstract: Direct Sequence Code Division Multiple Access (DS-CDMA) is a multiple access
technique that differentiates between different users by assigning unique spreading codes to
them. It is widely used in communication systems because of its great bandwidth efficiency
and its multiple access capabilities. DS-CDMA signals are resistant to multipath fading. Since
the spread spectrum signal occupies a large bandwidth, only a small portion of this signal will
undergo fading due to multipath at any given time. Moreover, DS-CDMA can also effectively
reject narrowband interference, since narrowband interference affects only a small portion of
the spread spectrum signal. In this paper, the performance of a DS-CDMA system is
investigated in presence of multiple-access interference (MAI) and an additive white Gaussian
noise (AWGN) under the presence of partial band jamming. Two types of receivers are
proposed, single user matched filter receiver (SUMF) and decorrelator receiver.
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1. Introduction

There are many techniques used in communication systems to access multiple users such as
Time Division Multiple Access (TDMA) where each user is assigned to a specific time slot,
Frequency Division Multiple Access (FDMA) where each user is assigned to a specific
frequency band and Direct Sequence Code Division Multiple Access (DS-CDMA) where a
specific code is assigned to each user over the same time interval and the same bandwidth. In
DS-CDMA systems, the signal power is spread over a large bandwidth. Thus, it will be too
difficult to be detected and intercepted by a hostile receiver. Another interesting feature of
CDMA is its anti-jamming capability which means that a narrowband jamming signal is
spreaded at the receiver input so that the received jamming signal is reduced by a factor equal
to the processing gain [3].

The performance of the DS-CDMA system in the presence of jamming is analyzed in several
articles [1] [2]. In [1], the performance of MC-CDMA in the presence of a narrowband
jamming is analyzed. In [2], the performance of a CDMA communication system in the
presence of a partial-band jamming is presented where the effects of multipath and AWGN
are analyzed. The above articles are concerned with improving the receiver ability and are not
concerned with improving the jamming ability. In this paper, the effect of a partial band
jamming on the performance of DS-CDMA systems is evaluated. The effect of a partial band
jamming is analyzed in Binary Phase Shift Keying (BPSK) system. It is assumed that there
are coherent detection and perfect symbol synchronization in an AWGN channel.
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The remainder of this paper is organized as follows: In Section II, a system model for DS-
CDMA system under the jamming environment is presented. In Section III, the performance
of both SUMF and decorrelator receivers under partial band jamming is evaluated. Section
IV, the numerical results and computer simulations are presented to verify the theoretical
expressions proved in section III. Finally, the conclusions are provided in Section V.

2. System Model

A partial-band noise jammer spreads Gaussian noise of total power J evenly over a part of the
total frequency range of the spreading bandwidth. A model of the CDMA system under
jamming environment is described in [7] and is shown in Fig. 1. It is assumed that there are K
active users transmission. The received signal during one symbol interval, T}, has the
following form:

r(t) = ¥X_ V2P C, ()i (t) cos w .t + j(t) + n(t) (1)

where by (t) € {— 1,4+ 1} is the data symbol of the k" user with equal probabilities to be 1
or -1, P is the received power of k" user (assuming that all users transmit the same power),
n(t) is an AWGN with two-sided power spectral density equal to N,/2, w, is the carrier
frequency and j(t) is the jamming signal which is modeled as AWGN with two-sided power
spectral density has the value of N;/2p, where p is the partial band factor of the jamming

signal. In (1) Cy is the signature sequence of +1's and —I's assigned to the K" user and it is
given by

Ce () =ELoCe Y (t — iTo) 2)

where 1 (t) is the unit rectangular pulse of duration T, = Ty /N and N is the number of bits
in the spreading sequence.

3. Performance Analysis of DS-CDMA Systems under Partial Band
Jamming

A. SUMF Receiver
The output of the matched filter is a dispread and demodulated signal. The dispread signal is
obtained by applying the appropriate PN sequence [3]. The demodulated signal is simply
obtained by applying a modulating tone to provide a coherent detection. The output of the
receiver can be written as

Z = [P r ()Cr(H)cos(wet)dt
= B+I1+n+] 3)

where By is the information of the aimed user, I is the multiple access interference, 7 is an

AWGN, ] is the partial band jamming interference. The output of the matched filter consists
of the following:
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1- The aimed user information By, :

B, = [;"VZP CZ(t)by(t) cos 2wt dt
= i\/g Ty 4)

where cos? w,t = ;(1+2wct),C,f(t) = 1. Since the multiplication of w, and t was

selected as the integer number, the integration of cos w.t and sin w.t functions over one
period is always zero. Likewise the integration of by (t) over one period is 1 because the
number of 1's and -1's is assumed to be the same.

2- The multiple access interference I which is represented as:

I=[1" 35, a1 V2P Cu(£)C(£)y (£) cos 2wt

== Zﬁl,i:tk\/épik’rb (5
where p;, = fOTb C; (t) C(t) dt represents the cross-correlation function of the spreading
codes.
3 - The AWGN power 7 is given by:
n= fOTbn (t)C(t) cos w,t dt (6)

The partial band jamming interference Jis given by:

J= [ (OC() cos et de (7)

The decision statistic of the output of the matched filter, Z, can be modeled as Gaussian
random variable with a mean value of Z and variance of o2 where the mean value of the
decision statistics Z is

E{Z}=Z =E{By +1+n+]}
Z = E{Bx} + E{I} + E{n} + E{J} (8)

where E {By} = * \/g Ty, E {I} is the multiple access interference term mean that is defined

in [1] as zero mean E {I} = 0][1], E {n} is the noise power mean which equal to zero
E {n} = 0asn(t) is a zero mean AWGN, the jamming interference mean which equals zero
E {J} = Osince j(t) is a zero mean Gaussian random variable.

The variance of Z, 62, is the sum of the variances of the multiple access interference term and
noise plus jamming term, which are assumed to be independent. Therefore, g2 can be written
as:

07 = of + 0 + of 9)
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The variance of multiple access interference term, o2, is defined in [3] as:
o? =T?(k—-1)PN/6 (10)

and the variance of noise term, 0,?, 1S

oy = E{n*} - En}?
= E [["n()C(t) cos wct dt ["n(A) Cy(A) cos w.AdA
= EfOTb fOTbn(t)n(A)Ck(t)Ck(/l)cos wt cos wA dt dA (11)

Assuming that n(t) is a wide-sense stationary random process. Thus the autocorrelation of the
white Gaussian random process was defined in [6] as:

E{n®)n()} =225t — A) (12)
So,

Ny (T 1
of =7fObC,§ () 5 (1+cos2wct)dt
- NoTp (13)

4

For a jamming interference term it is assumed that j(t) is a wide-sense stationary random
process. The same procedures are applied to drive the variance of J which is

of =L (14)

The bit error probability for this system, P,, is defined according to the Gaussian
approximation [1], [6], as

\F 2
_o( P - (5r2) _ol(x=n me . w T
Pe - Q ( G_§> - Q T(Z:—N(k—l)P+ NOTb+Nij - Q [( 3N + Z_Eb + ZpEb> (15)
\ 6 4 4p
1 [e9) (_u_Z)
where Q(x) = Nor fx e\ 2/du is the standard Q function, T,N = T, T,P = E},, where E,

is the energy per bit.
B. Decorrelator Receiver

The received signal at the input of the decorrelator receiver during one bit interval, T}, has the
following form

r(t) = XX_ V2P C (t)by cos w .t + j(t) + n(t) (16)
The output of the k*" matched filter is given by
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Tp

Vi = J, " 1(®) Ce(t) cos wt dt (17)
which could be rewritten as:

y1 = XiAbgRy; + n+j
Y2 = XiAbRy + ntj

Yk = NiAbgRg; + n+j (18)
The above equation could be written in vector representation as follows
Yy =RAb +n+j (19)

where A is a diagonal matrix with a vector [A, A5, ..., Ax]T represents it is main diagonal,
A, = \ETb, 1 < k < K assuming a constant power for all users, b = [by, by, ... , bg | are the

data bits from the k users, n = [nq,n,, ..., ny] is a vector of the Gaussian noise samples with
zero mean and a covariance matrix Y, n = ;> R (where o2 = N,T,/4 is the noise power
after dispreading), and j = [ji,ja, .., jx] 1s @ vector of partial band jamming signal which is
modeled as Gaussian random process with zero mean and a covariance matrix ,j =
crjz R (where crj2 = N,T},/4p is the jamming power after despreading), R is the non-negative
definite matrix of the cross-correlations between the waveforms of the different users that’s
given by

Ry = [ ci(t);(t)dt (20)
The estimated value of the transmitted bit is given by

b = signR™ 'y (21)
The decision matrix z is equal to R~1y, and the covariance matrix X, is computed

¥, = E{zz"}-E{z}E {z"}

E{(Ab+ R 'n+ R )(Ab+ R 'n+ R 1j)T} — (Ab)(Ab)"

E {Ab(Ab)T + Ab(R™In)" + Ab(R™j)T + R"'nb"AT + R Inn” (R™1)T +

R'nj” (R"HT + RYbTA" + R4 jn” (R™H)T + RYjj™ (R™)T} — (Ab)(Ab)’

= AbEnT}R™ DT+ AbE{jT} (R"HT + RTIE(m}bTAT + R E{nn"} (R"1)T
+ REMEGTY (RHT + RTIE{IbTAT + RIE(IE(nT} (R™1)T
+RTE(j} (RTDT

= of(R°D" + (R (22)

where E{n} = 0 and E{nn” } = ¢? R and ¢;? is the power of the AWGN at the output of the
matched filter, E{j} = Oand E{jj} = aj2 R and 0]-2 is the power of the partial band jamming
at the output of the matched filter.

The probability of bit error of the k™ user can be written as:
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r)( | ()

where (R™1); . is the value of inverted cross-correlation of the spreading code for the k™ user.

4. Numerical Results and Discussions

The theoretical expressions derived in section III are validated under different conditions such
as jamming in the presence of AWGN and MAI. A spreading factor that is corresponding to
N =31 is assumed to be a code for a signal to jamming ratio equal to 10 dB.

In Figs. 2 and 3 the probability of error for SUMF and decorrelator receiver respectively are
presented with different values of partial band jamming factor p. Thus it is clear that by
decreasing p the performance of both receivers degrades and for smaller values of p the
performance will dramatically degrade.

In Figs. 4 and 5 the probability of error for SUMF and decorrelator receiver respectively are
presented against the number of users. It is clear that increasing the number of users affects
the performance of SUMF much more than the decorrelator receiver that can obtain the same
performance by increasing the number of users. The decorrelator began to severely degrades
when it approaches the maximum number of allowed user; (according to the code length).

In Fig. 6 the probability of error for SUMF and decorrelator receivers are presented under
partial band jamming factor p = 0.5. It is clear that SUMF receiver has better performance
than decorrelator that is because decorrelator receiver increases the noise power so it does not
perform properly under partial band jamming.

by (t)

V2Pc,(t) cos w,t

V2Pc,(¢) cos w,t ; ;
n@) J() —— 5,()
b, (1) —»@—»

V2Pc,(t) cos w.t

> b, (D)

b9 — 50

1

Receiver

Fig. 1 The block diagram of a DS-CDMA system with jamming
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Fig. 2 Performance of SUMF receiver in presence of partial band jamming
with p = 0.25, 0.5 ,0.75 and 1.
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Fig. 3 Performance of decorrelator receiver in presence of partial
band jamming with p = 0.25, 0.5 ,0.75 and 1.
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Fig. 4 Performance of SUMF receiver against number of users in
presence of partial band jamming p = 0.25, 0.5 ,0.75 and 1.
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Fig. 5 Performance of decorrelator receiver against number of users
in presence of partial band jamming p = 0.25, 0.5 ,0.75 and 1.
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Fig. 6 Performance comparison of SUMF and decorrelator receivers.

5. Conclusions

The performance of SUMF and decorrelator receiver in presence of partial band jamming has
been evaluated. It is shown that decreasing partial band jamming factor degrades the
performance of both receivers, however the SUMF receiver has better performance relative to
the decorrelator receiver. Moreover, increasing number of users affects the performance of the
SUMF receiver much more than that of the decorrelator receiver.
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