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Abstract:-The performance of WCDMA is degraded 
with various factors such as interference, fading and 
scattering. In this paper different parameters such as 
interpolation factor, group delay and roll of factor 
are analyzed the effect in root raised cosine filter on 
Maximum Ratio Combining technique in WCDMA. 
Bit error rate performance is analyzed with single 
input single output antenna system and single input 
multiple outputs antenna system using maximum 
ratio combining diversity technique by varying 
different parameters for quadrature phase shift 
keying and binary phase shift keying.   
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1. INTRODUCTION 

WCDMA is considered to be wideband technologies 
based on the direct sequence spread spectrum 
transmission scheme, where user information bits are 
spread over a wide bandwidth by multiplying the user 
data with quasi-random bits called chips derived from 
CDMA spreading codes.To support very high bit rates 
(upto 2 Mbps), the use of a variable spreading factor and 
multicode connection is required. In this chip rate is 3.84 
Mcps and carrier bandwidth is 5MHz [1][2]. When a 
signal is transmitted from transmitter to receiver through 
the channel, there are some factors which degrade the 
performance of signal and these degradation factors are 
path loss, noise, fading and interference. One of the most 
important technique to reduce the effects of fading is 
diversity technique . 
 
 The concept behind diversity is: if one signal path 
undergoes a deep fade at a particular point of time, 
another independent path may have a strong signal [3]. 
In this technique receiver is provided with a number of 
copies of the same information signal which are 

transmitted over two or more communication channels. 
Hemalatha et.al [4] analyzed diversity in CDMA based 
broadband wireless system and found that the diversity 
CDMA system with multiple antennas at the transmitter 
and receiver results in the improvement in SNR and 
reduction in the multipath fading and interference.  In 
communication system pulse shaping filter is used to 
generating band limited channels and reducing inter 
symbol interference (ISI) arising from multi path signal 
reflections [5].   
 
Interference is the major limiting factor in the 
performance of cellular system. The sources of 
interference can be classified as in-band and out-band 
interference. Intra-cell interference and inter-cell 
interference are the sources of In–band interference. In-
band interference is created due to the signal from other 
users in the home cell and inter-cell interference is 
created due to the signal from the user in other cell. 
Adjacent channel interference is the source of   out-band 
interference. It is created due to non-linearity of power 
amplifier or non-ideal filtering in receiver. Hence it can 
be lead to significant reduction in its neighbor system 
capacity [6].The work in the present paper analyzed the 
performance of SISO and SIMO using MRC technique 
by different parameters of root raised cosine filter in 
WCDMA system. 
 
The next section presents the square root raised cosine 
filter. The Section 3 presents the maximum ratio 
combining (MRC) diversity scheme. The simulation 
methodology describes in section 4. The simulation 
results and discussion is presented in the Section 5. The 
last section concludes the paper and presents the future 
work.  
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2. SQUARE ROOT RAISED COSINE FILTER 

The square root raised cosine, a variant of raised cosine 
pulse is used in the modern communication system 
whose frequency response is expressed as a square root 
of F(w) in frequency domain or square root of f(t) in 
time domain. The frequency response of ideal root raised 
cosine filter is unity at low frequencies and gain will be 
attenuated at high frequencies. In this filter, width of the 
middle frequencies is defined by roll off factor constant 
α [7]. The precise shape of the raised cosine spectrum is 
determined by the parameter, α. The range of α is given 
by 0 ≤ α ≤ 1. When α = 0 it offers the narrowest 
bandwidth, when α = 1 it offers the slowest rate of decay 
in the time domain. For the best SNR and bandwidth 
efficiency α should be 0.22 to 0.33 [8]. For WCDMA 
system the group delay (D) should be 2 [9]. The group 
delay plays a crucial role in pulse shaping digital finite 
impulse response filter. The value of group delay should 
be low for efficient performance of digital pulse shaping 
filter. The group delay influences the size of output as 
well as order of filter. For minimizing the filter 
complexity, filter length or number of taps should be 
minimum as far as possible. There is tradeoff between 
group delay (D) and interpolation factor (M) for better 
performance of pulse shaping filter for WCDMA based 
wireless communication system. So group delay should 
be minimum for reducing the filter complexity. 
 

                                 N=D*M                                  (1) 
N= filter taps 
D= group delay 
M= interpolation factor 
 
 
The spectrum of square root raised cosine (SRRC) 
spectrum is given in following equation 
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Where Tc is the inverse of chip rate. 
α= Roll off factor. 

 

 

 

3. MAXIMUM RATIO COMBINING 

The diversity scheme is the technique to improve the 
performance of system in fading environment. The  
concept behind diversity is: if signal is send through the 
multiple path and in one path signal is faded, there is 
chances to get strong signal in another path at a 
particular point of time.  Antenna diversity can be 
obtained by using multiple antennas at the transmitter 
and/or the receiver [10]. Antenna diversity techniques 
use some combining methods such as selection 
combining (SC) maximum ratio combining (MRC) and 
equal gain combining (EGC). The diversity schemes for 
single input single output (SISO) and single input 
multiple outputs (SIMO) are presented in below Fig.1 
and Fig.2.  
 
 
 
 

 

Fig.1 Single Input Single Output Antenna System (SISO) 

 

  

  

 Fig.2 Single Input Multiple Outputs Antenna System (SIMO) 

In maximum ratio combining (MRC) diversity scheme, 
all the branches are used simultaneously and each   
branch signal is weighted with a gain factor which is 
proportional to its own SNR. After that, co-phasing and 
summing is done for adding up the weighted branch 
signals in phase [11]. Fig.3 shows the configuration for a 
two-branch diversity system.  Both the branches are 
weighted by their respective signal-to-noise ratios and 
the branches are then co-phased prior to summing in 
order to insure that all branches are added in phase for 
maximum diversity gain. The summed signals are send 
to the receiver and connected to the demodulator.  
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Fig.3   Block diagram of a two-branch maximal ratio combiner 

for equal noise powers in both branches 
The inputs to the maximal ratio combiner (Fig.3) are   
both rayleigh distributed signals (with envelopes rR1R and 
rR2R ) with additive independent noise voltage sources  nR1 

Rand  nR2R. nR1R and  nR2R are zero mean white gaussian random 
variables with a variance of N;  the input voltage signal-
to-noise ratios  are [12]             
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The amplitude of the transmitted signal after using MRC 
technique at a give time 0t , is ( )0, tV MS and it can be 

calculated by multiplying the received signal enveloper 

1r
R

 Rand 2r , at 0t  and by their instantaneous voltage to 

noise power ratios and after it will be summed.  
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4. SIMULATION METHODOLOGY 

The performance of the signal in WCDMA system is 
reduced with various factors such as noise, fading, 
interference and path loss. 
The work in the present paper analyzed the performance 
of the maximum ratio combining (MRC) diversity 
scheme in WCDMA system to improve the signal 
quality. The simulated WCDMA system is designed in 
Matlab and the performance is analyzed for various 
modulations under varying network conditions. The bit 
error rate (BER) performance is evaluated with varying 
conditions of signal to noise (ERb/RNRoR). The block diagram  
of the simulated WCDMA system with proposed 
diversity scheme is presented in Fig.4. 
 

 
5. SIMULATION RESULTS AND DISCUSSION 

 
The performance of WCDMA system is analyzed for the 
maximum ratio combining diversity scheme with two 
antennas (nRx1 and nRx2) at the receiver under varying 
conditions of roll of factor (α) in root raised cosine 
(RRC) filter. For simulating the WCDMA system in 
MATLAB, the group delay (D) and interpolation factor 
(M) are fixed at D=5 and M=5 respectively in RRC 
filter. The performance of the MRC antenna diversity 
scheme is performed at varying value 0.1 to 1.0 for roll 
of factor (α) in RRC filter. The simulation analysis has 
been carried out for QPSK and BPSK modulation in two  
cases. Case 1 based on QPSK for MRC and case 2 based 
on BPSK for MRC. 
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Case-A(a)   BER analysis of QPSK by varying rolls of 
factor (α) 
 

 
Fig 5 (α=0.1) 

 

 
Fig 6 (α=0.22) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 7 (α=0.4) 

 

 
Fig 8 (α=0.6) 

 

Figure 4:  Block diagram for proposed WCDMA system 
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Fig 9 (α=0.8) 
 
It can be observed from the above simulation results that 
for nRx=2 ,when varying the value of roll of factor from 
0.1 to 0.22,BER is decreased and after that for the value 
of 0.4 to 0.8 the value of BER is increased by using 
QPSK modulation technique with MRC scheme. 
 
 
 
Case-A(b) BER analysis of BPSK by varying rolls of 
factor (α) 
 
 

 
Fig 10 (α=0.1) 

 
 

 
Fig 11 (α=0.22) 

 

 
Fig 12 (α=0.4) 

 
 

 
Fig 13 (α=0.6) 
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Fig 14 (α=0.8) 

 
It can be observed from the above simulation results that 
for nRx=2 ,when varying the value of roll of factor from 
0.1 to 0.22,BER is decreased and after that for the value 
of 0.4 to 0.8 the value of BER is increased by using 
BPSK modulation technique with MRC scheme. 
 
 
Case-B(a)   BER analysis of QPSK by varying group 
delay (D) 
 
 
 
 

 
Fig 15 (D=2) 

 

 Fig 16 (D=4) 
 

 
Fig 17 (D=8) 

 
 

 
Fig 18 (D=10) 
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It can be observed from the above simulation results that 
for nRx=2 when varying the value of group delay from 2 
to 10, BER is increased always by using QPSK 
modulation technique with MRC scheme. 
 
 
Case-B(b) BER analysis of BPSK by varying group 
delay (D) 
 
                    

 
Fig 19 (D=2) 

 
 

 

  
Fig 20 (D=4) 

 

 
Fig 21 (D=8) 

 
 

 
Fig 22 (D=10) 

 
 
It can be observed from the above simulation results that 
for nRx=2 when varying the value of group delay from 2 
to 10, BER is increased always by using BPSK 
modulation technique with MRC scheme. 
 
 
 
 
Case-C(a) BER analysis of QPSK by varying 
interpolation factor (M) 
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 Fig 23 (M=2) 
 
 

 
Fig 24 (M=5) 

 
 

 Fig 25 (M=10) 
 

It can be observed from the above simulation results that 
for nRx=2 when varying the value of interpolation factor 
from 2 to 5,BER is decreased and for the value of 5 to 10 

,BER is increased by using QPSK modulation technique 
with MRC scheme.

  
 

Case-B(b) BER analysis of BPSK by varying 
interpolation factor (M) 
 
 

 Fig 26 (M=2) 
 

 
Fig 27 (M=5) 

 
Fig 28 (M=10) 
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It can be observed from the above simulation results that 
for nRx=2 when varying the value of interpolation factor 
from 2 to 5,BER is decreased and for the value of 5 to 
10, BER is increased by using BPSK modulation 
technique with MRC scheme. 

 
 

 
 

6.    CONCLUSION AND FUTURE WORK 
 
The work in this paper analyzed the BER performance 
for different parameters in RRC filter with MRC. The 
first analysis was for roll of factor and from the 
simulation results the best performance was found at 
α=0.22 for WCDMA system with MRC technique. The 
second analysis was for performance by varying the 
group delay of RRC filter from 2 to 5. The best 
performance was found when the group delay (D) is 
2.The last analysis was done for interpolation factor and 
optimum value was found at M=5. It was observed from 
the simulation result that the SIMO system gave better 
performance in comparison to the SISO system. Results 
also conclude that BPSK modulation technique is better 
compare to QPSK for SISO and SIMO. In future work 
the same analysis will be carried out for MIMO system 
and implement on FPGA. 
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