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Abstract: The work presents the investigation of GMSK and BPSK transmission schemes with both MRC and 

EGC diversity combining techniques over Rayleigh flat fading channels in a digital mobile wireless system. The 

System model for the received signal was developed under two propagation paths and simulated. Randomly 

generated symbols and Image data, were used as the Information signal. The results obtained showed that 

BPSK had a higher error probability values than the corresponding GMSK scheme. The results showed that due 

to GMSK high immunity to noise and other interfering signals, it provides a better performance than BPSK 
signalling scheme. Also, MRC was observed to perform better in terms of mitigation of the interference induced 

by the Rayleigh channel than EGC diversity combining technique. The quality of the images received with both 

signalling scheme were in agreement with the BER results. 

Keywords: Multipath fading, Diversity combining, Rayleigh channel, Bit error rate 

 

I. Introduction 
The effectiveness of a communication system is a measure of the channel bandwidth and immunity to 

interference or noise. This ensures the maintenance of data integrity during transmission. When a signal is 

transmitted over a radio channel in a digital mobile wireless communication system, it is subjected to 
absorption, reflection, refraction and diffraction. Especially in the urban and suburban areas where cellular 

phones are often used, the communication environment changes quickly and thus introduces more complexities 

and uncertainties to the channel response. These multiple physical phenomena are responsible for most of the 

characteristic features of the received signal. The major impediments for signal detection at the physical layers 

are multipath fading and multiple access interference caused by co-channel users which are not orthogonal to 

the desired user (Constantinos and Howard, 2001).   

At the receiver, these multipath waves with randomly distributed amplitudes and phases combine to 

give a resultant signal that fluctuates in time and space. Therefore, a receiver at one location may have a signal  

different from the signal at another location, only a short distance away. Signal fading arises from multiple 

transmission paths at the receiver with different phase shift, delay spread which is the time spread between the 

arrival of the first and last multipath signal seen by the receiver (Adeyemo and Abolade, 2011; Adeyemo and 

Teslim, 2010). The delay spread in a digital communication system often leads to inter-symbol interference 
(ISI). 

In this work, the channel is assumed to be frequency non-selective flat fading, and ISI is not present. 

Random data were generated and modulated with each of the modulation schemes. The result is filtered using 

Gaussian low pass for GMSK to reduce the spectral spreading of the sidebands. Also, a rectangular pulse 

shaping filter is employed to reduce ISI induced in the system for BPSK to achieve suitable transmission 

through the wireless mobile channel. The bit error rate is the measure used in the performance evaluation.  

 

II. System model 
A single mobile to base station communication with one antenna over a frequency non-selective 

channel was considered first and other interfering signals are added together and modelled as additive white 

Gaussian noise. The received signal by the base station through only one path is given by (Adeyemo and 

Teslim, 2010)  as: 

)()(),()( tntSTthtr                   (1) 

Where ),( Tth  is the time varying impulse response of the channel, )(tS  is the transmitted GMSK and BPSK 

signal and is equal to )(tSGB  and )(tn  is interfering signals modelled as AWGN 

For GMSK scheme, the signal is represented by )()2cos()()2sin()( tQtftItftm cc    (2) where cf  is 

the carrier frequency, )(tI  is the inphase baseband signal and )(tQ  is the quadrature baseband signal. The 
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inphase and quadrature baseband signals are the cosine and sine of the output of the integrator from Gaussian 

LPF.  

 

Maximum ratio combining (mrc) 
  The channel impulse response is the weight which when multiplied by each of the corresponding signal 

paths  cancel the phase variations in the channel. Hence,                             

))(()),(exp(),(),( tTTTtjTtTth iii  
  

(3)  

Where ),( Tti is the amplitude of ith  multipath at t  and T , and 𝜎 is the impulse function that determines the 

specific multipath component at time t   and delay T . 

With two independent identically distributed paths, the received signal )(, tS BG  is 

)(),()(),()( 1

*

10

*

0, trTthtrTthtS BG         (4) 

Where ),(0 Tth


and ),(
*

1 Tth are the complex conjugate of the channel impulse responses of path 1 and 2, and 

)(0 tr  and )(1 tr  are the received signals through paths 1 and 2 respectively.  

 

Equal gain combining (egc) 
  In an EGC receiver, as with the previous case of MRC, both branch signals are multiplied by the same 

branch gain (G) and the resulting signals are co-phased and summed. The resultant output signal is connected to 

the demodulator, therefore, equation (4) can be re-written as )(),()(),()( 1100, trTtGtrTtGtS BG        (5) 

Where ),(0 TtG and ),(1 TtG are the gain of each path 1 and 2 respectively.  

 

Mobile multipath channel parameters: 

 
Figure 1: Simulation model for MRC (L=2) with BPSK signalling scheme 

 

 
Figure 2: Simulation model for EGC (L=2) with BPSK signalling scheme 

 



Diversity Combining Techniques to Mitigate Multipath Fading in Mobile Wireless Communications 

www.iosrjournals.org                                                             19 | Page 

 
Figure 3: Simulation model for MRC (L=2) with GMSK signalling scheme 

 

 
Figure 4: Simulation model for EGC (L=2) with GMSK signalling scheme 

 
To compare the performance of the BPSK with the GMSK signalling schemes, the system model simulation is 

given in  figures 1 to 4 for BPSK with 2-path EGC/MRC, and GMSK with 2-path EGC/MRC. 

 

III. Data Acquisition 
Data sources for the simulation are those generated randomly and the image data of University of Ilorin 

Senate Building (UISB). Random data is used to determine the actual error bits while image signal complements 

the output of the results. The parameters and system configuration used in the simulation were chosen from the 

standard values. Doppler spread was computed to be 25HZ and the coherence time is 4x10
-2

 sec. The multipath 

delay spread of 2.0 x 10-7 sec gives 5mhz. This is larger than the assumed bandwidth of 200HZ indicating 

frequency non-selective /flat fading channel. 

 

IV. Results And Discussion 
The results obtained from simulation of  both random data and UISB image over a Rayleigh frequency 

non-selective/flat fading channel for GMSK and BPSK signalling schemes using both MRC and EGC at the 

receiver are shown in figures 5 to 11. Figures 5 and 6, are the BER performance of BPSK signalling scheme for 
both MRC and EGC respectively. 



Diversity Combining Techniques to Mitigate Multipath Fading in Mobile Wireless Communications 

www.iosrjournals.org                                                             20 | Page 

 
Fig. 5  Bit error rate of BPSK and GMSK modulation schemes over flat Rayleigh fading channel and 

AWGN channel. 

 
Fig. 6 Bit error rate comparison for varying paths Maximal Ratio Combining (MRC) using BPSK 

modulation scheme over Rayleigh channel. 

 
Fig. 7 Bit error rate comparison for varying paths of Equal Gain Combining (EGC) using BPSK 

modulation scheme over Rayleigh channel. 
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The varying paths are assumed to be independent identically distributed. For 100000 bits of BPSK 

signals transmitted at SNR of 6db in Rayleigh flat fading channel, 37640 bits were changed by the channel, 

indicating number of bit errors. But with 2-paths, 3-paths and 4-paths MRC at the receiver, the high erroneous 
bits were reduced to 19780 bits, 10990 bits, and 5790 bits respectively. With 2-path, 3-paths, and 4-paths EGC 

at the receiver, the high erroneous bits rate were further reduced to 21980 bits, 12900 bits, and 7430 bits 

respectively. The results showed the effect of delay and doppler spread which resulted in a high erroneous bit 

when no diversity combiner was employed. The reduction in bit errors was as a result of varying paths in MRC 

and EGC diversity combiner separately employed at the receiver.  

Figures 7 and 8, show the profile of BER performance of GMSK signalling scheme with the MRC and EGC at 

the receivers over a Rayleigh channel respectively. For a total of 100000 bits of GMSK signals transmitted at 

SNR of 6db in Rayleigh flat fading channel, 26930 bits were changed by the channel indicating number of bit 

errors. But with the introduction of  2-paths, 3-paths and 4-paths MRC at the receiver, the high erroneous bits 

were reduced to 13260 bits, 7570 bits, and 4320 bits respectively. 

Also with 2-path, 3-paths, and 4-paths EGC at the receiver, the high erroneous bit are reduced to 16560 
bits, 9870 bits, and 6340 bits respectively. The high erroneous bit were  due to the effects of delay and doppler 

spread without diversity combiner.. The reduction in bit errors was as a result of varying paths of MRC and 

EGC diversity combiner.  

 
Fig. 8 Bit error rate comparison for varying paths of Maximal Ratio Combining (MRC) usingGMSK 

modulation scheme 

 

.  
Fig. 9 Bit error rate comparison for varying paths of Equal Gain Combining (EGC) using GMSK 

modulation scheme. 
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Figure 10 shows the application of diversity combining techniques to image data at SNR of 12db using 

BPSK. The image transmitted through an AWGN channel produced a close result compared with the original 

transmitted signal. When subjected to a Rayleigh fading channel at SNR of 12db, there was a great distortion in 
the original message. When 2-path of MRC/EGC was employed at the receiver, a better image output than in a 

flat Rayleigh fading channel was obtained.  The employment of 3-path MRC/EGC and 4-path MRC/EGC 

produced a better image at the output in order of higher paths. The image quality output was improved for the 

two diversity combiner but MRC provided a better image than EGC. Figure 11 shows the application of 

diversity combining techniques to image data at SNR of 12 db using GMSK. An image was transmitted through 

an AWGN channel which produced a close result to the original transmitted signal, but when subjected to a 

Rayleigh fading channel at SNR of 12db, there was a great distortion in the original message. When a 2-path 

MRC/EGC was employed at the receiver, it gives a better image output than in a flat Rayleigh fading channel, 

but the employment of 3-path MRC/EGC provides a better result than a 2-path MRC/EGC diversity, while 4-

path MRC/EGC has the best image. The image output further supports the results from the profile, when 

comparing the image of MRC and EGC. For the same L-path diversity, though both EGC and MRC provides an 
improvement in the output, but MRC has a better image than EGC.  

 

V. Conclusion 

The system model for the received signal at a mobile speed of 30km/hr has been developed and 

simulated . The BER for each system was evaluated and  for varying paths MRC and EGC diversity combiner, 

the performance is dependent on number of diversity branches. BPSK signalling schemes with both diversity 

combiner techniques separately employed at the receiver with MRC presented a clearer image than EGC 

diversity combiner. 
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Fig. 10  Application of diversity combining techniques to image data at SNR of 12 db using BPSK 
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Figure 11  Application of diversity combining techniques to image data at SNR of 12 db using GMSK. 

 
The simulation results also showed that GMSK signalling scheme performed better than BPSK 

signalling when both were subjected to the same Rayleigh frequency non-selective fading channel, due to lower 

error bits received when transmitting the same number of bits. This shows GMSK is more immune to noise. In 

GMSK signalling schemes for image transmission with EGC and MRC combiner at the receiver, the result 

showed that though both diversity combiner techniques mitigated the effect of fading, but MRC presented a 

better image at the output than EGC diversity combining. 

From these results, when comparing GMSK signalling scheme performance to BPSK signalling for 

image transmission using both MRC and EGC at the receiver, it was observed that GMSK signalling has a better 

performance in terms of a lower BER than BPSK signalling scheme. This is evident from the UISB image 

modulated by these signalling schemes. Therefore, the results showed that GMSK signalling scheme is better 

than BPSK when employing MRC diversity combining technique at the receiver with a Rayleigh frequency non-

selective fading channel. 
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