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Abstract: In present study, analyze the performance of a flexible multirate scheme with degradation factor for
direct sequence Code-Division Multiple Access (CDMA) based radio systems called WCDMA. The proposed
scheme uses a variable processing gain serial pseudo-noise modulation as a multirate strategy. Third Generation
(33) cellular mobile commumcations systems will support several kinds of commumication services. Therefore,
the users will be transmatting their mformation using different data rates and their performance requirements
will vary from application to application. In WCDMA, each user transmits a data sequences spread by a code
commonly called spreading code. This code is Unique to the Mobile Station (MS) to Base Station (BS)
comnection on both uplink and downlink. The analytical treatment and computer aided performance analysis
for user BER and degradation factor of downlink FDD mode in WCDMA under the variable strategic conditions
of processing gain, signal to noise and number of interference at 5 MHz bandwidth has been presented.
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INTRODUCTION

Wideband Code Division Multiple Accesses
(WCDMA) with variable processing gain (Gp) and multi-
code modulation as a multi-rate scheme is emerging as
one of the interfaces for the 3G mobile communications
systems. In WCDMA system, the access scheme is Direct
Sequence Code Division Multiple Access (DS-CDMA) in
which each user is assigned a particular code sequence
which is modulated on the carrier along with the digital
data. The Spread Spectrumn Multiple Access (SSMA)
techniques are characterized by the use of high rate code
which has the effect of spreading the band width of the
data signal. The Direct sequence spectrum is the most
commonly used technique among the different spread
Spectrum techniques such as Frequency hoping and Time
hoping. In this technique the transmission system
combines with the sending data signals having high data
rate sequence and that divides the user data according to
a spreading ratio. Transmitter converts an incoming data
(bit) stream mto a symbol stream where each symbol
represents a group of one or more bits. This technique is
reliable and highly resistance to interference and give the
opportumty to multiple users can commumcate through
one chanmel (Prasad, 1996).

Multiple Access Interference (MAT) has significant
impact on the network capacity of the wireless
communication system. However, 1t 15 not clear how
exactly the MAIL affects performance ncluding

throughput and delay. The overall performance also
requires accurate calculation of Bit Error Rate (BER). In
the presence of MAIT, performance analysis is not easy to
implement and can generally only be approximated with
considerable computational effort (Gaurav ef of., 2001).
Carrasco (2006) presented the analytical expression for the
average BER of a DSCDMA system with coexisting fast
and slow power controlled user to reduce MAI. To
compute BER of a DS/CDMA system, which depend on
a set of parameters such as number of simultaneous user
(K), the Processing Gain (Gy), Signal to Noise ratio (E/IN,).
The exact calculation of BER in the presence of MAIT 1s
difficult and emphasis has been given to bounds and
approximation (Pursley, 1977). A simple approximation is
to treat MAT as standard Gaussian and the bit errors are
independent.

In the present study, mtroduce a method to
compute an estimation of the Bit Error Rate (BER) along
with the degradation factor of wireless channel with
perfect power. The presented method 15 used to
estimate the curmrent quality of the wireless channel
using the data received by a rake receiver. This
information can be used to adapt the receiver to obtain
the desired Quality of Service (QoS) for a given
application or protocol with mimmal computational effort.
This reduction in computational effort can be translated
to a reduction in energy consumption for a mobile
terminal or to a reduction in the amount of resources for
the base station.
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SYSTEM MODEL

In Cellular Downlink Mobile Commurnication systems,
base station transmit signal to all the users present in a
cell mdependently, since their relative time delays are
randomly distributed. K independently number of user
use the same carrier frequency and may transmit
simultaneously with the base station in a cell (Lister et al.,
2000). The kth binary source generates a binary sequence
by(m) contain transmitted energy per chip (E ) with the
time shift (t,) of the Kth user, where m is the time instant.
The spreaded data is given by X,(t) (Dahlman et ai., 1998).

Xy (= Z

m=-M

+j,}Eck by, M)Cy, (t-mT -1,)

Pseudorandom Code Sequence of T channel

E,b, (m)C, (t-mT-1,) M

Ca
Ciwg = Pseudorandom Code Sequence of ) channel.

The difference between the users is due to the time
delay, so the system becomes asynchronous system.
Transmitted signals have different time shift but the
symbol interval (T for the different users are assumed to
be equal and C,;, Ciq1s the PN codes assigned to I and Q
channel. Suppose the data at the T channel is represented
by the signal di(t), while the data at Q channel is d(t) in
Eq. 1 (Cianca, 2005; Ojanpera and Prasad, 1998).

Suppose, C{(t) = Cy (t - mT - 1) 2)
Cot) =Cot - mT - 1) 3)
d,(t) = JE, by (m) )
dy(t)= B, by, (m) (5)

Substitute
X,(6) = d(DC(D) + jd(IC(D). (6)

Si(t) = X(1). Coclt)

Each transmitted signal 1s passed through a multipath
channel. The channel is modeled by the zero mean
Additive White Gaussian Noise (AWGN) n(t) with
variance ¢, and there is no other distortion in the channel
apart from constant linear scaling of signal amplitudes and
multiple access mterference caused by the presence of
other active users. R{t) is the received signal, h(t, T,) is the
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complex channel response due to multipath, n(t) is the
complex Gaussian noise at the front end of the receiver,
A, 15 the attenuation of the kth signal, due to propagation
(Khan et al., 2006).

R = S h(t.5)8, (1~ 7.)A, ™
k=1

The receiver consists of nuuber of rake finger for
simultaneous demodulation of K user signals followed by
a decision block. The out put of integrate rake finger block
is sampled at the of the mth symbol interval.

T+ (m+ )T
V(m) = j R/, (0)C,(t—mT - 1,)dt —-M < m = M (8)

T +mT

Where m i1s the sampling mstant, --M<m<M. The
processing operation in the demodulator adds the
received samples Y (m) for all sampling instants within
one bit and forms the decision variable [Z,(m)]
represented in Eq. 9 (3GPP T.5 212, 3GPP T.5.213).

zmmzfnmo ®)
m=]

Where Gpis the processing gain defined as the number of
chips per bit. The kth decision device estimates the mth
symbol of the kth user by examimng the sign of the
decision variable (7). The average Probability of Bit Error,
P, can be expressed as:

P,='%P{Z,>0b,=-1} + %P7, <Owhenb,=+1}

Assume that the probabilities of transmitting
symbols -1 and+1 are equal. The Bit Error Probability can
be written as:

P,=P{7, >0b,=-1} =P,{Z, < Owhenb,=+1}

Assuming that the number of chips per bit, G, 1s
large, the decision variable Z, can be approximated
according to the Central limit theorem by a Gaussian
random variable. The Bit Error probability is given by:

b - JIE@T
Var(Z,)

E[7,] is the mean and Var[Z,] is the variance of the
decision variable 7,. The mean value of 7, is given below:

(10)
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E[Z,]= E|:% Yy, (m)b, =1+, , (m)+ Yka(m)}
%Ym(m)bk_1+EE“YH(H1)}r (11)
E[Zk] -5 m=1 . m=1
E{Z ij(m)}
m=]
Since

E{% Yo (m)} =0 and E{% Y., (m)} =0
m=] m=l

Gp
2 Y, (myb, =1

m=1

E[Zk]—E{

RS

the variance var (7,) is given by
var(Z,) = Gp var[ Y, (m)+var[ Y, (m) +var[ Y.(m)]
The desired signal variance 1s:
var[Y,,(m)] =0
The variance due to thermal Gaussian noise is:
var[ Y, (m)] = No/2

Where No is the one sided thermal noise power spectral
density. The variance of the interfering signals can be
computed assuming that the interfering signal 1s modeled
as white noise with the two sided power spectral density
of Ec¢/Te. Taking mto account the relative phase
difference between the desired signal and interfering
signals and averaging over them (Gulhousen et af., 1991).

K

var[ Y, (m)=>>"

i=l
1=k

B ()

Then the bit error probability is lower bounded by

(12)
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The term 2 E,Gp is the double bit energy 2 F, and the
denominator represents the total power spectral density
coming for the thermal noise and multiple access
interference. If we denote by I, than

The bit error probability lower bound can be written
as:

2E,

3

The bit error probability Pb on a Gaussian Channel can be
approximated by (13)

PﬁQ{

[K-1] &F

P, =Q{——+
' Q{ 3G, 2,

(13)

where N, is the Gaussian noise one-sided power spectral
density. The Bit Emor Probability Eq. 13 is obtained with
Perfect power Control. The degradation factor depends on
operating E,/N . number of User (k) and processing gam.
More users imply greater degradation, as one might
expect (Fu and Thompson, 2002; Haykin and Mohar,
2003).

DEGRADATION FACTOR

The degradation factor (Dg) depends upon the
operating Eb/No, number of Users (K) and Processing
gain (Gp). More users imply greater degradation, but a
larger Gp value reduces the effect of the interference and
decrease the degradation. Figure 2 shows the performance
degradation in bit error rate with the operating signal to
noise (Eb/No) for number of users.

K-1 Nol?
b:Q g+7
3G, 2E,
1
B
po Q 1 a4
b / b% K-1Eb 1
(No/Eb) | 360 No " 2
1
K-1Eb 1]|:
= — =
® |3Gp No 2
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Expression 14 is used to calculate the degradation in the
system performance due to multiple-access interference.

PERFORMANCE EVALUATION

Figure 1 show the computational flow chart of BER
and degradation factor with Number of interference at
different value of signal to noise ratio m cell for
performance evaluation. Figure 2 shows the variation of
Bit Error Rate at number of user, when Eb/No is changed

| Generate data for all active user |

!

| Generate code for active users |

!

| Setbandwidih SMHz |

Shift the interference spreaded data to
make frame delay
¥

Set number of
interference in cell

'

Build multiple eccess interference and
add gaussian white noise with (MATD

A 4

Varying the
number of
interference with

Compute bit error rate (BER)

Fig. 1. Computational flow chart of BER with number
of interference m cell for performance
evaluation

from (2-10). As the Number of interference is increased for
the voice application in which bit rate is 12.2 kbps with the
varying of Signal to noise ratio (Eb/No), the required
quality of service (BER) 1s decreased. The effective value
of BER is 1077 is achieved at Eb/No is 6, when only one
interference present with the desired user. But as the
interference users are increased from 2 to 5 the achievable
target i.e, BER 107" is achieved at Eb/No is 10. The
decreased in Bit Error Rate is due to degradation factor,
the Fig. 3-5 clearly shows that degradation value is going

1.00E+)0
—e— 2 interference
—ik— 3 interference
—»— 5 interference

1.00E-01 ]

1.00E-02 ]

1.00E-03 <

1.00E-04 4

1.00E-05
2 4 6 8 10
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Fig. 2: BER vs Eb/No at 5 MHz bandwith with bite rate is

12.2 kbps
1.4+
—&— 2 user
—— 3 user
—i— 4 user
124 5 user
—0— 10 user

2 0.8
0.6
0.4
0.2
2 4 6 8 1w
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Fig. 3: Degradation (Dg) vs Eb/No at 5 MHz Bandwidth
with bit rate 12.2 kbps, varying mterference from
21010
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Fig. 4: Degradation (Dg) vs Eb/No at 5 MHz Bandwidth
with bit rate 64 kbps, varying interference from
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Fig. 5: Degradation (Dg) vs Eb/No at 5 MHz Bandwidth
with bit rate 144 kbps, varying mterference from
2to 10

to merease as the number of interference mcreased from
2 to 5 for different value of data rates at fixed bandwidth
5 MHz. The other users are not aligned in time therefore
the code do not align m an orthogenality way that 1s
retamn m the receiver. So these user’s causes the multiple
access interference to be non-zero and the performance of
the system 13 deteriorates as the mumber of users 1s
increased.

CONCLUSIONS

This study analyzes the capacity of a direct
sequenice-code division multiple access (DS3-CDMA)
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cellular system supporting integrated (voice, data and
multimedia) services. The capacity estimate (on the
downlink) 1s the number of voice users, data users and
multimedia at different data rates that the system can
support with quality-of-service (QoS) guarantees Bit error
rates (BER), outage probability. In WCDMA interface,
different users can simultaneously transmit at different
data rates for the multiple Application such as voice
12.2 kbps, data 64 kbps and multimedia 144 kbps. The
processing gain, together with the wide band nature,
suggests a frequency reuse between different cells of a
wireless system (ie., a frequency is reused in every
cell/sector). This feature can be used to obtain high
spectral efficiency.
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