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Abstract

In this paper. proposed diversity algorithm that decrease fading. In the wireless channel, if
fading occurs due to the multipaths the performance of the system is apparently reduced. This
study applied tap-delay receiver. It applied QPSK and OQPSK modulation methods and applied
the convolutional codes, where the code rate is 1/2 and 1/3 and the constraint length is 11 and
the turbo code where the constraint length is 6. The diversity algorithm proposed in this paper
could be compared and analyzed the average error probability of modulation method variable of
fading factor to uplink and downlink channels.
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DS/CDMA(Direct Sequence Code Division Multiple
Access) is considered as the third generation of cellular
mobile, indoor wireless and personal communication
system.[1] CDMA offers attractive features such as
frequecny reuse, soft hand-off, increased capacity, and
multipath combating. In a CDMA system, several users
simultaneously transmit information over a common
charnel using pre-assingned codes. The conventional single
user detector consists of a bank of filters mathced to
the spreading codes, One of the primary limitations on
the performance of cellular communication systems is
multiple access interference. Hence current research
activities are focused on reducing this fading, including
the use of antenna arrays at th base station. Antenna
arrays can ve though of as spatial filters in the sense
that they can be used to form a beam toward the
desired user while spatially rejection the interferers
outside the beam.[2] In the case of a DS-CDMA
system employing Rake reception, the interference
power is reduced considerably at the base station by
performing temporal correlation of the signal received
from all the users with the desited user's spreading
code. Multipath diversity combining is also achieved
using a rake receiver. In a typical mobile environment,
signals from users arrive at different angles to the
base station and hence antenna arrays can be used to
an advantage. In the extreme case, each multipath of a
user amy arrive at a different angle, and this angle
spread can be exploited using an antenna array. Thus,
by combining an antenna array with rake reception in
DS-CDMA, considerable performance gamin can be
achieved.

In mobile radio systems, the transmitted signal is
attenuated, reflected and refracted by many obstacles along
the paths between the transmitter and the receiver.
Early propagation experiments indicate the Nakagami-
m distribution is one of the most versatile models to

describing the fading statistics. The Nakagami- s

distribution includes the Rayleigh distribution as s
special case for #=1; it can also well approximate
m>l,

mapping between the fading parameter m and Ricean

the Ricean fading when with one-to-one
m—factor.

Although the error rate performance of many
modulation schemes, e.g. BPSK, DPSK, QPSK, OQSPK,
QAM has been extensively analyzed in the flat Nakagami
fading channels, there are few papers devoted to the
performance evaluation in frequency selective Nakagam
fading. The BER of DS-CDMA system is derived in
with an exponentially decaying power delay profile, and
assuming identical fading parameters, The colsed form
approximation to the BER is accurate for smally values
of the power decay factors. Efthmogloul[3] extended
the analysis to non-identical and non-integer fading
parameters along different rake paths. The exact BER
expression is represented by an infinite limit integral,
with the integrand consisting of nested trigonometric
function.

This study aims to find out the bit error probability
of CDMA system in the mobile wireless channel as
proposed in the new diversity algorithm. For this, this
study assumes that it resolves the wireless channels
into muitipaths and the receiving signal has Rayleigh
distribution. This paper is organized as follows. In
Chapter II, it explains wireless channels. In Chapter III,
it proposes the diversity algorithm to assess the
performance of the system. In Chapter IV, it compares
and analyzes the system performance of the CDMA
method using rake receiver. Finally, it describes the

conclusion in Chapter V.

[I. Wireless Channel

2.1 DS-CDMA

The direct spread method causes the transmitting
signals to be recognized as noise to other users but
the receiver, making the data difficult to detect or
This method modulates the

extract. signals by
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spreading the data signal in the bandwidth using PN
codes and modulates them again by spreading signals
having wider bandwidth. There are two advantages of
using the DS/CDMA methodsl4]. First, it uses the
simple spread method second, the error is random. In
other words, as its interference is spread in the
receiversof DS/CDMA system, the interference within
the bandwidth seems to increase the level of the noise
on the receiver[5]. However, the voice signals without
error correction have larger tolerance level for burst
error, so that the information data is easily corrected

by Trellis error correction and Viterbi decoder.

22 Fading Channel

A slowly varying fading channel, whose parameters
are unchanged over one bit duration, is assumed. Since
Nakagami distribution is a versatile yet relatively
is well suited to

simple statistical model and it

characteristic a radio mobile channel, we use a
Nakami- s, distributed to represent the amplitude of
channel gains. By properly selecting the number of
subcarriers, we assume that signals on each subcarrier

experience flat fading. The fading amplitude @ , ,is a

random variable obeying the Nakagami- ; distribution
having a PDF given by[9]

Jo, (¥} =

2 lm 2m-1 __’2_ 2
F(m)(Q) rteel =)

Where I'( +)is the gamma function,§2= El(ey,,)*]and

m is the Nakagami- ) fading parameter. When we
think of the multipath fading of
frequencies separated within a system bandwidth, in

two different

case wherethe interval of those two frequencies are
small enough, those two waves pass almost in the
same electromagnetic paths so that they have almost
same amplitude and changes in phase. However, the
bigger the interval between those two frequencies is,
the smaller the level of the correlation between the
patterns of the changes of those two frequencies

becomes. This is because the changes of phases

between two frequencies are different upon each path
in the multipath environment. This phenomenon, which
shows different fading according to the frequency, is
called frequency selective fading. The bandwidth, which
has small enough level of correlation of fading between
two frequencies, is called Coherence Bandwidth. This
coherence bandwidth is related to the delay spread. In
the areas with large delay spread, the coherence
bandwidth becomes smaller because the phases of
signal received have large differences even though the
interval between two frequencies is small. While in the
area which has small delay spread, the bandwidth
becomes larger.

In the mobile wireless communication system,
multipaths are formed due to the reflection, refraction,
affected by buldings,

and scattering of signals

man-made constructions, or natural environment.
Likewise, it is difficult for the signals received from a
mobile device to have line—of-sight waves from the
sender. These waves are the sum of signals, which
were scattered by disarranged obstacles, causing
diminution and phases differences on each signal
received. When there is no line-of-sight wave and
only reflective waves exist, it is referred to as
Rayleigh fading. Rayleigh fading has Rayleigh
distribution and the equation of Rayleigh distribution is

as follows[6].

(r)= 4 ex - r’
P o’ P 20

fll. BER of Diversity Technique

Rake receiver is the receiver used in the frequency
selective fading channel having diversity effect. It
receives the signals in a pace similar to that of
collecting dried leaves with hooks, that adds a certain
time delay, Doppler spectrum and AWGN applies
average electric power of diminution upon the time

delay on each tap of signals received through each
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different path. It sums up all the signals received and
demodulates them[6].

Fig 1. Rake Receiver
a3 1. 2oj3 £AP1

3.1 Signal Model
Figure2. is the DS/CDMA communication system
model showing that K number of users exist[6][71[8].
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Fig 2. Receiver model
8 2. 47| =

The data signal of the users, b(?) is a rectangle wave
wand’'s sequence having +1 and -1 of values for T

seconds of the section and displayed as follows.
bi(t)= Y by Pt =IT)
I=—00

Here, the p 2 lis the l”‘data of k”‘ user. When

t= 7. the output of carrelation receiver is displayed

as follows.

Z, = 1}%,%07‘ + g [biaR (T )+ by &k"(rk)] €os ¢k}

ki

+ [ n@atycos w 0dt ... -

The Z; distribution can be displayed as follows.

2PT? [ & 1
var{Z}= Iy ;;lrk’i +§NOT ........................... )
k=i

The average signal-to—noise ratio input in the receiver

is as follows.

N

K
[ 6N3 E 2”‘1:1 +/”'k1 ]+ &
;s

In Equation (5), it was normalized when the value of K

value was large,

2(k—1)

+u;(1)]= SV

« :
(6N3)"1k§; [2u,(0) +uy, (1) ]= ol ©

k=i

and the average signal~to—noise ratio input in the

receiver is displayed as follows.

| 2k-1) | N
| 3N  4F

Here, % is the number of users, and [ is the code

sequence.
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3.2 System Performance

It used a rake receiver and applied maximum
synthesis method. In this case, the number of antennas
was An. If there is L number of incidence signal paths,
thetotal number of diversity of this system can be
displayed as follows.

M= L. o L eemmecomirimisicnmsseriosissconssmesessenns
If it is frequency selective slow fading charnel, L is

described as follows.

The error probability of QPSK in the AWGN, £, can
be displayed as follows[10].

p.(y) = %erfC(\/;)

The signal-to—noise ratio in cases where the diversity
method was introduced in the multipath fading channel
can be described as follows.

Here, Y is the bit per signal-to-noise ratio and Y B

is the channel per signal-to-noise ratio. The bit per

signal-to—noise ratio can be described as follows.

N=(T, « WH1)| g =2

m

206—1) N,
{ 3V *MJ

The average error probability P , when QPSK  signal

receives Rayleigh fading in the AWGN can be
presented as follows.

_¥ 2(k-1) N, ( ) _
Pzﬁ}ﬂj[(% . W+1)( Y% +E) EeTfC(\E

|V. Simulation

In this chapter, this study aims to compare and
analyze the average error probability of DS-CDMA
system. The study set the number of antenna as 9,
and assumed that there are 500 users in a single set.
For the channel distribution, it applied the Nagakami
fading distribution and set the fading index as 1. The
code rate was 1/2 and 1/3, and QPSK and OQPSK
modutation methods were used. Table 1 display the
results of the DS-CDMA system performance analysis
applying QPSK and OQPSK modulation methods.

The uplink graph in Figure 3 applied a code rate of
1/2, diversity method, convolutional code and turbo
code. The downlink graph applied a code rate of 1/3,
diversity method, convolutional code, and turbo code.
The Proposed graph applied the diversity algorithm
proposed by this paper to the DS-CDMA system.

Figure 4 shows the average error probabilities upon
each modulation method. When BN, is 25 dB, the
average error probabilities.

Table 1. Comparison of QPSK of OQPSK( E ,/N ,=2bdB)
E1. QPSKS} OQPSKHIZ( E ,/ N ,=250B)

fading | Modulation E/N,
QPSK 3.16 x 10°
m=1
OQSPK 1.0 x 107
Uplink
QPSK 6.3 x 107
m=2
OQSPK 3.16 x 107
QPSK 1x10°
m=1
OQSPK 1.78 x 10°°
Downlink
QPSK 1.0 x 1078
=2
OQPSK 501 x 107




208 wE HFEFERSE w2006, 11)

g 3. BER to Uplink
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Fig 4. BER to Downlink
a7 4. 2Bl B|EoR{EE

V. Conclusion

This study proposed a new diversity algorithm to
reduce the average error probability. In Figure 3

where BER is 10, it improved 5dB in the proposed

algorithm compared to that in QPSK(m=1), and 5dB
was an improvement over that of OQSPK. In Figure 4,
where BER is 10™, it improved 6 dB in the proposed
algorithm compared to that of QPSK, and about 3dB
was an improvement over that of OQSPK. Therefore,
these proved the superiority of the diversity algorithm
proposed by this study. Comparing Figure 3 and Figure
4, the QPSK was 10™ and OQPSK was 107
again, that the diversity algorithm proposed in this

a finding

study is more appropriate to the OQPSK modulation
method. In this paper, The performance of the average
error probability 2.5dB OQPSK mudulation more than
QPSK modulation. I will be abel to forward research
decrease with fading channels.
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