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1. Abstract 
  
 In this paper, Equal Gain Combining (EGC) technique is considered because it provides 
performance comparable to the optimal Maximal ratio combining (MRC) technique but with greater 
simplicity. Although, performance evaluation of EGC diversity is a much more difficult task in 
comparison with other classical techniques but it has been presented several times in literature. 
However, the problem concerning multiple antennas on limited space has never been presented. 
This is because the correlation between multiple antennas can be neglected if the antenna spacing is 
large enough. In practice, the dimension of user terminal is fixed with the trend of small in size. 
Therefore, it is impossible to avoid the effect of antenna correlation due to limited space. In this 
paper, the performance investigation of EGC diversity technique is presented by considering the 
problem of multiple antennas on limited space. The simulation results reveal the significant 
differences observed if neglecting the antenna correlation. 
 
2. Introduction 
 
 Space diversity with multiple antennas is a well known technique to improve performance 
in fading channel for wireless systems. This technique includes maximal ratio combining (MRC), 
equal gain combining (EGC), and selection diversity [1]. The EGC receiver is generally known to 
have a performance close to a MRC receiver while at the same time being less complex from the 
implementation point of view. Hence, the performance analysis of this receiver is of interest. 
       In literature on EGC performance, there is surprisingly limited works in comparing with 
popular diversity combining methods. Most of them evaluate the EGC performance with the 
assumption of neglecting the antenna correlation. However, this assumption cannot be accepted in 
practice because the size of user terminal is so small that multiple antennas on this limited space are 
unavoidably correlated. The literature on correlated diversity branches is quite a few and all of them 
studied on dual antenna diversity. In [2], the problem of correlated fading for a two branch selection 
combining scheme was considered. Amongst the initial works of gain combining schemes, Pierce 
and Stein [3] studied the performance of MRC and EGC in a correlated Rayleigh fading channel 
and showed that an increase in correlation had adverse effects on the system performance. In [4-6], 
practical implementations of spatial diversity at the mobile handsets are usually restricted to 
second order diversity with closely spaced antennas that result in correlation between the 
diversity branches. As explained in [7], the correlation between the branch envelopes in spatial 
diversity systems is a function of the spacing between the antennas. The general trend is that 
correlation decreases with increasing antenna spacing. The authors in [8] consider a procedure for 
generating two equal power Rayleigh-fading envelopes with any desired cross-correlation 
coefficient. These works in literature have been useful in analyze of the correlated signals to ground 
the basis formula in this paper. However, the problem of multiple antennas on limited space has 
never been addressed before. In this paper, the EGC performance is investigated by changing the 
number of antennas on a limited space. Both uncorrelated and correlated signals for EGC diversity 
with multiple branches in presence of Rayleigh fading and AWGN fading are considered.  
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3. EGC diversity and antenna correlation 
  
3.1 EGC model 
  EGC techniques are known to combine the signals from multiple diversity branches. The 
signal output of the combiner is the direct sum of the received signals, which co-phase the signals  
on each branch and  then combines them with equal weighting  kg in each branch of receivers. The 
signal plus noise in each branch is then multiplied by a voltage gain factor kg   and then added in a 
linear combiner which is subsequently demodulated through receiver. Thus the predetection 
diversity signal output equal gain system can be written as 
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 The EGC receiver performance is superior to other diversity performance and only 
marginally inferior compared to MRC. EGC is often used in practice because of its reduced 
complexity relative to the optimum MRC scheme.  
 
3.2 Antenna correlation on limited space 

 Figure 1 shows the multiple antennas on limited space. The linear array with M antenna 
elements is configured on a fixed length D. 
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Figure 1: Configuration of multiple antennas 

  
 The relation between power correlation coefficient ρ and antenna separation d derived by  

Clarke [9] can be expressed by 

 )2(2
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πρ dJ=                                                                                                                        (2) 

Where (.)0J  is  the zero  order  Bessel  function of  first kind, and  λ is  the carrier  wavelength. 
This relationship is used to determine the correlation properties of the signal on each branch which 
is expressed as   
 0)( =− ργnp                                                                                                              (3) 
Where  )(γnp   is the least squares n  degree polynomial given in [8]. The parameter γ has been 
useful in analyze of the correlation signals. In [9], the authors found the special case of the 
correlation matrix given by 
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Where  xσ    is an absolute desired signal power. Now, the correlated signals between two branches 
can be easily generated. Figure 2 shows the uncorrelated and correlated signals in a Rayleigh fading 
channel. For the correlated signals, the power correlation coefficient is 0.9. Figure 2(a) and 2(b) 
present the uncorrelated and correlated signals for two branches while Figure 2(c) and 2(d) present 
for four branches. It is clearly noticed the difference between correlated and uncorrelated signals.  
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Figure 2: The uncorrelated and correlated signals in a Rayleigh fading channel, (a) two uncorrelated 
signals, (b) two correlated signals, (c) four uncorrelated signals and (d) four correlated signals. 
 
For the problem on limited space, the total length D is a fixed distance and the correlation 
coefficient is changed by number of antennas with an equal spacing.  
 
4. Simulation Results 
  
 For sake of saving space in the paper, only output SNR performance of EGC diversity 
technique is presented here. This is because BER performance is simply predicted as a direct 
proportional function of SNR. The comparison between probability density function of the 
uncorrelated and correlated signals is provided. For all simulations, the limited distance D is set to 
30 cm as the average length of notebook.  
    Figure 3 shows the output SNR of EGC diversity technique as a function of number of 
antennas in Rayleigh and AWGN fading channels. The results show that the increase of output SNR 
depends on the number of antennas. The significant differences between uncorrelated and correlated 
signals are noticed in AWGN fading but this finding is not pronounced for Rayleigh fading. This is 
because under a rich multipath the fluctuation of signals due to fading plays a major role on EGC 
performance whether antenna correlation is existed or not.   

Figure 4 shows the probability density function of output SNR for uncorrelated and 
correlated signals in Rayleigh and AWGN fading channels. It can be noticed that the variance of 
signal is smaller when applying more antennas. In addition, the probability density functions of 
uncorrelated and correlated signals are more diverse if the number of antennas increase.  

From all simulation results, the effect of correlated signals due to limited space is seriously 
significant in AWGN channel but not Rayleigh channel. However, the real propagation channel is 
in between AWGN and Rayleigh. Thus, these results are helpful for any researchers using EGC 
diversity technique to design the available margin due to antenna correlations in practice. 
 
5. Conclusion 
 
 In this paper, the performance investigation of EGC diversity technique is presented by 
considering the problem of multiple antennas on limited space. The simulation results reveal the 
significant differences observed if neglecting or including the antenna correlations. In future work, 
the measurement of EGC diversity technique will be undertaken to verify the simulation results in 
this paper.  
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Figure 3: Output SNR of EGC diversity technique as a function of number of antennas in Rayleigh 

and AWGN fading, (a) Average SNR, (b) Peak SNR 
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Figure 4: Probability density function of uncorrelated and correlated signals in fading channels 

(a)Rayleigh fading (b)AWGN fading 
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