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ABSTRACT

A novel bit error rate (BER) expression for a coherent direct
sequence-code division multiple access (DS-CDMA) receiver
which employs exponential chip weighting waveforms with
imperfect power control over a multipath Rayleigh fading
channel is obtained. It is shown that the proposed expression
has lower complexity than the known BER expression in the
literature.

I. INTRODUCTION

DS-CDMA has been widely recognised as a promising
technique for wireless communications in both satellite
and cellular mobile systems [1]. The multiple access
interference (MAI), multipath fading and imperfect power
control are known to be main factors that degrade the
performance of DS-CDMA wireless communication
systems [1, 2].

A number of studies, also few recent works by Ciftlikli
and Develi have assumed that the transmitted power of
each user is perfectly controlled and the waveform of
despreading sequence in a receiver is the same as the
spreading sequence assigned to a reference user [3-11].
However, in a more realistic environment, the power
control error always exists and has a destructive effect on
the performance. Moreover, in a practical DS-CDMA
system over a terrestrial channel may operate with Lg-
branch diversity for better performance. Thus, a novel
expression has been introduced to analyse the BER
performance of a DS-CDMA system with power control
error over a multipath Rayleigh fading channel for the
uplink [12, 13]. With the purpose of MAI rejection, the
RAKE receivers employ the despreading sequences
weighted by adjustable exponential chip waveforms. The
resulting despreading functions are determined by only
one parameter and this leads to easy tuning of the
despreading sequences in practice to achieve the best
performance in multipath environment [12, 13].

Considering the importance of performance analyses of
DS-CDMA systems, we concentrate here on a computa-
tionally efficient expression to calculate the BER of a
coherent DS-CDMA receiver with exponentially
weighted despreading sequences in a multipath Rayleigh
fading channel. This is attained by indicating a simple
relation among some properties of random spreading
sequences. As we will demonstrate, there is no need to
compute the number of transitions which occur between
two consecutive chips to calculate the BER performance.

I1. SYSTEM AND CHANNEL MODELS
A. Transmitter Model
Suppose that there are K DS-CDMA users accessing the
channel. User k transmits a binary data sequence b(¢) and
employs a spreading sequence a(f) to spread each data
bit. The spreading and data sequences for the kth user are
given by

ay()= YalP i1y, b= 2P P (- jT})
Jj=—0© Jj=—®
(1

where 7. and 7, are the chip and data durations,
respectively, and P,(y)=1, for 0< y < x and 0 otherwise. It
is assumed that there are N chips of a spreading sequence
in the interval of each data bit 7}, and the spreading
sequence has period equal to N. The transmitted signal for
the kth user is

S, (1) =N2PG, by (t)a, () cos( .t +0 ) )

where the transmitted power P and the carrier frequency
o, are common to all users, and the parameter 6, is the
phase of the kth user. The parameter Gj represents the
power control error for the kth user and is modelled as a
random variable uniformly distributed in [1- g,, 1+ ¢, ]



where g, represents the maximum value of power control
error for all users. Such a distribution for the parameter
G, implies a complete lack of knowledge of the power
control error and is a least favourable distribution [12,
13].

B. Channel Model

In this study, a frequency-selective multipath channel is
considered for the uplink [12, 13]. The equivalent
complex lowpass representation of the channel for the kth
user is given by

L,-1

h ()= Bud(t—14)e™
=0

A3)

where random variables [, t;; and 1 are the /th path gain,
delay and phase, respectively, for the kth user. Further-
more, the following assumptions are considered: (i) for
different users and paths in each link, the random variables
{Bu}, {tw} and {my} are all statistically independent;
(if) the random phases {ny} are uniformly distributed over
[0, 2] and the path delays {ty} are uniformly distributed
over [0, T,]; (iii) for each user, the path gain B is a
random variable with Rayleigh distribution with
E [B’4]=2p which is independent of k and /.

At the central station, all user signals, after passing
through their own particular channel, are added together
and mixed with AWGN n(¢) with two-side power spectral
density N, / 2. Therefore, the input signal at the central
station r(¢) can be represented by

p1

KL
V(t)=\/ﬁz 2. GiBuby (= )alt =t yy) cos(o .t +dyy)

k=11=0
+n.(t)cosm .t —ngy(f)sinw .t
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whered,; =0, +n; —o,T4;, and the terms n.(f) and ny(r)
are lowpass equivalent components of the AWGN n(f).

The random phases {¢;;} are uniformly distributed over
[0, 2mt].

C. Receiver Model

For MALI rejection, a bank of single-path matched filters,
each of which is matched to different paths, have the
same impulse response matched to 2a; (¢) cos(w 1) Pp, (1)

where a, (¢)is the weighted despreading function with

details given below. The outputs of all single-path
matched filters represented by &, (x), ! [0, Lp —1]
where Ly is the order of diversity, are weighted by the
corresponding path gains and then summed to form a
single decision variable &, (k). The weighted desprea-

ding function of the user &’s RAKE receiver can be
expressed as

. < (k). (k : 0k .
a, ()= AZa‘S.)W})(t—jTC {CE')’C§+)1})PTCU_JTC) %)

Jj=—%

(k) _ (k) (k)
where c; =a;a;

is the jth chip weighting waveform for the kth receiver,
conditioned on the status of three consecutive chips

{aﬁf)l, aj.k),a_(/.ﬁ)l } Detailed information on wﬁ.")(t‘ {cﬁ-“,c;’fl })

can be found in [12, 13].

and Wi e, 8) ). for 0 <1< 7.,

D. BER Performance Expression

Suppose that kth user is chosen as the reference user to
analyse the performance of the RAKE receiver with
coherent detection for data symbol A" . It is well known

that the expression given below enable us to compute the
BER for coherent reception at a given set of system
parameters [12, 13]:

1 Lp

[24—2]
L3t d-1

2 o 2%, SINR (2d -3)

e

(6)

where a=(1+¢,,)SINR and b=(1—¢,,)SINR. The SINR

is the average signal to interference plus noise ratio per
channel, given by

Y[(Nk INYA—e™)+y[1- (N, /N)le™ ]
e I
(7

SINR = {

RG) -1/2
(KL, -1)(1+5,/3)E® (r{‘f },y)

N[Z(Nk INY(E 2 1) +y[1-(N, /N)]]2

where,

Y parameter of the exponential chip weighting
waveforms,

N, random variable which represents the number of
occurrences of cﬁ-k) =-1 forall j € [0, N-1],

N processing gain,

T signal to noise ratio (in dB),

K number of active users,

(k)
=) (r{c/ },y) in (7) is defined as:
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where is the number of occurrence of

{cyi)l,c;k) }: {vl,vz,v3} for all j in the kth user’s
spreading sequence and each v,, n € [1, 2, 3], takes values
+1 or —1 with equal probabilities [12, 13]. As can be seen
from (8), the following computations are required on a
random spreading sequence to calculate the BER of a
DS-CDMA receiver:

ro and N,

{V]ﬂVZ’V3}

Clearly, it is not easy to determine these occurrences in
practice when the spreading sequences have large length.
In the following section the computationally efficient

expression, which cancels the determination of the N, ,
is proposed.

I11. PROPOSED EXPRESSION
For the simplicity in presentation, let

(k) _ (k) (k) _ [j-(k) (k) (k) _ [y(k) (k)
I, _r{—l,—l,—l}’ L, _(r{—l,—l,l}+r{l,—l,—l}l B _(r{—l,1,1}+r{|,1,—1})
(k) _ (k) (k) _ (k) (k) _ (k)
L _F{—l,l,—l}’ L, _F{l,—l,l}’ F/ _F{I,l,l}

In order to achieve a simple expression for computing the
BERs, suppose that the kth user’s spreading sequence,

ay = [a(()k),~ . ~,a%‘31 ], has the following form:
a{)#all)  for je{0,1,2,..., N2}
al? =all)  for ie{0,1,2,...,N-3}

Based on this assumption, a; can be shown to be

ap = [07 1: 0711' : '70) 1: 07 1] or ap= [L 07 1: 0)' . '71) 0’ 17 0]

As expected, the number of occurrences of cﬁ.k) =-1 for

all j € [0, N - 1] would be maximum and equal to
]Vk =N-1.The {thk),l“ék),. .. .,Ff,k)} for such sequences

can be obtained as
P =N-3,1¥=2,19 0,1 =1, 1 = 0,1 =0

Inspecting the computations given above, there is a
number of combination which equal to N — 1. The whole
alternatives are listed below:
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However the alternatives given in (9) are equal to N - 1,
they can not be generalised for a random spreading
sequence because of insufficient definition on the q.
Therefore, let us make some major modifications on the
ay, as follow.

Suppose that the a; takes on the form

(k) _ (k)
aj _aj+1

for je{0,1,2,...,N-2}
By this modification, we have
a, =[0,0,0,---0,0,0] or a; =[L1,1,---1,1,1]
N + for the modified @; would be minimum and equal to

zero. The {F ék),Flfk),....,Ff,k)} for such sequences are

easily found to be
=0, ¥ =0,1 =0, 1 =0, 1 =0, 1H =N

Based on these values, it is clear that the alternatives
which include the Fﬁ,k) can be eliminated from (9). The

remainder alternatives are given by
|2 oL
| 0 ar® ® o
) r)

| SR SO O



To proceed further, let us assume only one random chip,
aﬁ.k ) ,J € (1, N-2), in the a, differs from the others. If one

chooses j = 1, then the a; can be shown to be

ap = [05 19 09 07' : '509 07 Oa O] or ap = [19 05 15 17' : ':17 1: 19 1]

By this assumption, it is clear that the result of N + would
be 2. The {thk),l“;k),....,l“;k)} for such sequences are
given by

rP=o0,rP=2r® =21 =0r"=010=N-4

Because N « =2, the alternatives which include the sum

of the %, Flfk) and T¥ can be eliminated from the

remainder alternatives given in (10). Thus, we come
across with two alternatives as follows:

. r® +r®
Ne={ 000 (1)
r® +r® +r®

As a final step, let only two random consecutive chips,

k) (k)
i

from the others. If we assume j = 1, then the a; can be
shown to be

a j € (1, N-3) in the kth user’s sequence differ
ay = [011) 1101' : "0’ 0: 07 0] or a; = [1’ 07 07 la' : ')1’ 17 17 1]

Since the chips which differ from the others are
consecutive, the 1\7k would be equal to 2. The

{F‘(lk),l"ifk),. . .,l"f,k)} for such sequences are given by
k k k k k k
=000 =0,r® =2, 1 = 1,10 =2, 1 = N

Based on the results given above, the unique alternative
that gives 2 is the second in (11). Thus, we have

Ny =T® 4+1® 410 (12)
Based on the relation developed, (8) can be rearranged as

(Zd - 2]
newP(k) — 1 L d-1

A —_—

2 47 2%, SINRuew 2d —3)

{(bfew + 1)% - (aﬁew + 1)%}

(13)

Where anew = (1 +8m)SINRnew al’ld bnew = (1 _Sm)SINRnew .

The SINRyew is the new version of the average signal to
interference plus noise ratio per channel, given by

k- era-ge]

Tyler-e 72 +y-gpe 2|
L, (14

SINRnew = {

(i
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Npey@ >~ +y(-cof

where, ¢, =(T'\P +F,§k) +TM)/N . From the above

discussion, we find that there is no need to determine the
N, on a random spreading sequence. Instead of, we can

simply use the relation given by (12) to calculate the N, .

IV. NUMERICAL EXAMPLES

In this section, we aim at numerically demonstrating the
accuracy of the relation given by (12). It is widely known
that, Gold sequences are useful for a multiple access
system because of the large number of sequences they
support. They can be chosen so that over a set of
sequences available from a given generator, the cross-
correlation between the sequences is uniform and
bounded [2]. Because of these fascinating features, we
consider various Gold sequences of length L=31, L=63
and L=127, respectively. It is worth noting that the
selection of these sequences was realised randomly.

Table I shows the calculated number of
{Ftﬁk),l“,fk),. . .,F_;.k) }, N, and (l"ék) +1"l§k) +1"e(k))
belonging to spreading secbuences selected. We observe

that the (F(Ek)+l",§k)+1"e(k) is equal to N, for each

sequence. Note that because the N, can be calculated by
using the sum of Ft(lk) , Flfk) and Fe(k) , there is no need to

determine the N, on a specific spreading sequence.

V. CONCLUSION
A new BER performance expression of a coherent DS-
CDMA receiver which employs exponentially weighted
despreading function for DS-CDMA communications
over multipath Rayleigh fading channels is proposed.

It is emphasized that there is no need to calculate the
number of transitions which occur between two
consecutive chips to analyse the BER performance of a
coherent receiver. As a result, the requirement on perfect
definition of the spreading sequences for the signals of all
active users is eliminated, successfully.



TABLE 1
}, N, and (l"(gk) +Fb(k) +F§k)) for random

Calculated number of {thk),rlfk),. S

)

spreading sequences with various code length.

I F‘Ek) F,fk) ng) Fc(lk) Fe(k) F(/k) ](,k (chk) +F,fk) +Fe(k))
31 5 10 6 3 1 6 16 16
" 9 6 6 5 5 0 20 20
" 1 6 10 3 5 6 12 12
" 3 6 6 7 7 2 16 16
" 1 6 14 1 5 4 12 12
" 9 10 10 1 1 0 20 20
63 2 12 12 10 10 17 24 24
" 8 16 16 8 8 7 32 32
" 4 8 24 4 12 11 24 24
" 4 24 16 8 4 7 32 32
" 16 16 8 12 8 3 40 40
" 12 24 8 12 4 3 40 40
127 24 40 32 12 8 11 72 72
" 16 24 32 12 16 27 56 56
" 14 28 36 18 22 9 64 64
" 12 24 40 12 20 19 56 56
" 22 36 28 18 14 9 72 72
" 22 28 36 10 14 17 64 64
REFERENCES

A. J. Viterbi, CDMA: Principles of Spread Spectrum
Communication, Addison W. Longman, MA, 1995.

I. Develi, New Approaches to the Description of
Spreading Codes and to the Determination of
Optimum Spreading Code Set for DS-CDMA
Communication Systems with Weighted Despreading
Sequences, Ph.D. Dissertation, Department of
Electronic Engineering, Erciyes University, 2003.

M. B. Pursley, Performance Evaluation for Phase-
Coded Spread-Spectrum Multiple-Access Communi-
cation-Part I: System Analysis, IEEE Trans.
Commun., Vol. COM-25, pp. 795-799, 1977.

E. A. Geraniotis and M. B. Pursley, Peformance of
Coherent Direct Sequence Spread-Spectrum Commu-
nications over Specular Multipath Fading Channels,
IEEE Trans. Commun., Vol. 33, pp. 502-508, 1985.
Y. Huang and T. S. Ng, A DS-CDMA System using
Despreading Sequences Weighted by Adjustable
Chip Waveforms, IEEE Trans. Commun., Vol. 47,
No. 12, pp. 1884-1896, 1999.

C. Ciftlikli and I. Develi, A Simple and Useful
Approach for the Determination Process of the
Weighted Despreading Sequences in a DS-CDMA
System, European Transactions on Telecommu-
nications (ETT), (accepted for publication).

C. Ciftlikli and I. Develi, A Modified Approach to
Determine the Most Appropriate Spreading Codes for
a DS/CDMA System with Exponentially Weighted
Despreading Sequences, Journal of Information
Science and Eng. (JISE), (accepted for publication).

10.

11.

12.

13.

C. Ciftlikli and I. Develi, An Accurate and Simple
Code Selection Criterion for a DS-CDMA System
which Employs Exponentially Weighted Desprea-
ding Sequences, Journal of Polytechnic, Gazi
University, Vol. 5, No. 1, pp. 69-74, 2002.

C. Ciftlikli and I. Develi, A Study on Determining the
Reference Spreading Sequences for a DS/CDMA
Communication System, Journal of Engineering
Sciences, Pamukkale University, Vol. 8, No. 2, pp.
161-166, 2002.

C. Ciftlikli, I. Develi and B. Cetinkaya, Determi-
nation of Most Appropriate Spreading Sequences for
a DS/CDMA System by using a Modified Approach,
Proc. of IEEE 11” Mediterranean Electrotechnical
Conf. (MELECON’2002), Egypt, pp. 16-20, 2002.

C. Ciftlikli and I. Develi, An Improved Approach to
Determine the Most Suitable Spreading Codes for a
DS-CDMA System, Proc. of Int. Conf. Fundamentals
of Electronics, Commun. and Computer Sciences
(ICFS’2002), Japan, pp. S3:1-6, 2002.

Y. Huang and T. S. Ng, Coherent DS-SS Receiver
using Exponentially Weighted Despreading Function
with Imperfect Power Control in Multipath Rayleigh
Fading Environment, IEEE 5™ Int. Symp. Spread
Spectrum Techniques and App., pp. 140-144, 1998.
Y. Huang and T. S. Ng, DS-CDMA with Power
Control Error using Weighted Despreading Sequen-
ces over a Multipath Rayleigh Fading Channel, IEEE
Trans. Veh. Technol., Vol. 48, No.4, pp. 1067-1079,
1999.



