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Abstract:    Two kinds of selection combining schemes including generalized selection combining (GSC) and generalized order 
selection combining (GOSC) are investigated. In the GSC scheme, L strongest diversity branches from a total of R diversity 
branches are selected and coherently combined by maximal ratio combining. GOSC means that the Lth strongest diversity branch 
from R diversity branches is selected for reception. Closed-form expressions for the average signal-to-noise ratios of maximum 
ratio transmission with GSC and GOSC are derived in Rayleigh fading channels. 
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INTRODUCTION 
 

Maximum ratio transmission (MRT) is a popular 
and simple scheme to maximize the output signal-to- 
noise ratio (SNR) in multi-antenna systems (Lo, 1999; 
Dighe et al., 2003; Maaref and Aissa, 2009). Recently, 
the performance of multiple-input multiple-output 
(MIMO) systems with joint MRT and maximal ratio 
combining (MRC), denoted as MIMO MRC, has been 
investigated in various conditions (Kang and Alouini, 
2004; Chen and Tellambura, 2005; Maaref and Aissa, 
2007; Rui et al., 2007). However, the use of the MRC 
scheme at the receiver of MIMO MRC leads to an 
increase in system hardware complexity, cost and 
power consumption because more radio frequency 
chains are required than the selection combining 
scheme. Especially for a mobile terminal, this in-
crease is not desirable. To reduce the complexity, 
selection combining (SC), including generalized se-
lection combining (GSC) (Alouini and Simon, 2000; 
Ma and Pasupathy, 2004; Theofilakos et al., 2008; 
Ma et al., 2009) and generalized order selection 
combining (GOSC) (Ma and Zhang, 2006; Kwan and 

Leung, 2007), can be employed at the receiver. In the 
GSC scheme, L strongest diversity branches from a 
total of R diversity branches are selected and then 
they are coherently combined by the MRC technique. 
Alouini and Simon (2000) presented the performance 
analysis of the GSC scheme, and derived the closed- 
form expressions for the average SNR, outage prob-
ability and average error probability of a wide variety 
of modulation schemes. Ma et al.(2009) investigated 
the asymptotic performance of absolute-threshold- 
and normalized-threshold-based GSC schemes over 
generalized fading channels for high average signal- 
to-noise ratios. However, these results are obtained 
based on the system with a single antenna at the 
transmitter. 

In the GOSC scheme, the Lth strongest diversity 
branch from a total of R diversity branches is selected 
at the receiver. When L=1, GOSC represents con-
ventional SC. Performance analysis of the GOSC 
scheme is needed when performance loss occurs in 
the SC scheme where the receiver makes an error in 
selecting the strongest branch (Kwan and Leung, 
2007). 
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In this letter, we analyze the performance of two 
kinds of SC schemes, GSC and GOSC, in MRT sys-
tems. Closed-form expressions for their average SNR 
are derived under independent and identically dis-
tributed (i.i.d.) Rayleigh fading. 

 
 

SYSTEM MODEL 
 

Consider an MRT system equipped with T 
transmit and R receive antennas in a flat Rayleigh 
fading environment. Let H=(hij)R×T denote the R×T 
channel matrix whose elements are i.i.d. complex 
Gaussian random variables with zero mean and unit 
variance. We assume that the feedback channel from 
the receiver to the transmitter is perfect, and that the 
channel state information is perfectly available to the 
receiver. The received signal yi from receive antenna i 
can be expressed as  
 

H
s ,i iP= +y h ws n                        (1) 

 
where s represents the transmitted symbol satisfying 
|s|=1, w is the T×1 normalized weighting vector at the 
transmitter, Ps is the signal power, and n is an R×1 
additive white Gaussian noise (AWGN) vector with 
zero mean and covariance matrix σn

2IR, where IR 
denotes the R×R identity matrix. The T×1 vector 
hi=[hi1, hi2, …, hiT]T denotes the channel between the 
T transmit antennas and the receive antenna i and is 
the ith column of the channel matrix H. According to 
the MRT principle (Lo, 1999), the T×1 normalized 
transmit weighting vector w can be given by 

 

.i i=w h h                                (2) 
 

After substituting Eq.(2) into Eq.(1), we can easily 
obtain the corresponding output SNR ηi: 
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where η0=Ps/σn
2 denotes the average SNR per receive 

antenna. The variable ηi in Eq.(3) is an i.i.d. chi- 
squared variable with 2T degrees of freedom, so its 
probability density function (PDF) can be written as 
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and the corresponding cumulative density function 
(CDF) of ηi is expressed by 
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Let η(1)≥η(2)≥…≥η(R)≥0 be the order statistics 

obtained by arranging the ηr (r=1,2,…,R) in de-
creasing order of magnitude. We note that although 
unordered ηr (r=1,2,…,R) are independent, η(r) 
(r=1,2,…,R) are not independent and their joint PDF 
can be written by (David, 1981) 
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In the following sections of this letter, the two 

kinds of SC schemes, including GSC and GOSC, will 
be considered at the receiver. 

 
 

MRT WITH GENERALIZED SELECTION COM-
BINING 
 
Analysis 

At the receiver, GSC is employed and Lc 
strongest diversity branches are combined. Therefore, 
the instantaneous SNR for MRC is 
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The Jacobian of the above transformation satis-

fies |J(x1,x2,…,xR)|=1. Then using the distribution 
theory for transformation of random vectors, the joint 
PDF of xr (r=1,2,…,R) can be expressed by 
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Substituting Eqs.(4) and (6) into Eq.(10), we can 
obtain  
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where 1 0! [ ( 1)!] .T RR Tα η= −  By applying the multi-
nomial theorem, Eq.(11) can be rewritten as 
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where 
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Therefore, the average SNR GSCη  of MRT with the 
GSC scheme can be given by 
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We note that when T×1 as a special case, the above 
equation can be simplified into Ak=η0/k. Combining 
Eq.(16), we can obtain the simple closed-form  
expression: 
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This is the same as in Alouini and Simon (2000). 
 
Numerical example  

As an example, Fig.1 plots the normalized av-
erage SNR GSC 0η η  versus the number of selected 
branches Lc for MRT systems with GSC. In this case, 
R=8 and η0=0 dB. From this figure, we can observe 
that the average SNR improves as the number of the 
strongest combined paths Lc increases. In Fig.1, the 
curve with T=1 represents a special case of single- 
input multiple-output (SIMO) systems with GSC at 
the receiver (Alouini and Simon, 2000). The agree-
ment between the simulated and analytical results 
verifies the accuracy of our analytical formula in 
Eq.(16). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1  Average SNR of MRT with generalized selection 
combining 
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MRT WITH GENERALIZED ORDER SELECTION 
COMBINING 
 
Analysis 

In this subsection, the closed-form expression 
for average SNR of MRT systems with GOSC is 
derived when the Lth strongest diversity branch is 
selected at the receiver. Based on order statistic 
(David, 1981), PDF of MRT systems with GOSC can 
be given by 
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where α2=R!/[(L−1)!(R−L)!]. Substituting Eqs.(4) and 
(5) into Eq.(19), we can obtain 
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theorem, Eq.(20) can be rewritten as 
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Therefore, the average SNR GOSCη  of MRT systems 
with GOSC at the receiver can be given by 
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When the conventional SC with L=1 is employed, the 
average SNR expression in Eq.(22) can be simplified 
into 
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Numerical example 

The analysis of MRT systems with GOSC at the 
receiver can be used to examine the effect of an in-
correct best antenna selection. Fig.2 shows the nor-
malized average SNR GOSC 0/η η  for MRT with the 
Lth strongest diversity branch being selected from 
R=8 diversity branches at the receiver. It can be seen 
that the larger L (which means the worse diversity 
branch selected to receive the signals) results in the 
smaller normalized average SNR. The agreement 
between the simulated and analytical results verifies 
the accuracy of Eq.(22). 
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Fig.2  Average SNR of MRT with generalized order se-
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CONCLUSION 
 

In this letter we present the performance analysis 
of MRT with SC schemes over Rayleigh fading 
channels. Closed-form expressions for the average 
SNR of the systems with GSC and GOSC schemes 
are derived.  
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