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Sadržaj - U ovom radu je predstavljena analiza performansi prijema višeantenskog prijemnika sa 
selektivnom diverziti (SC) tehnikom kombinovanja, kada se prenos signala vrši kroz 
komunikacione kanale sa korelisanim Rejlevim fedingom i u prisustvu višestrukih ko-kanalnih 
interferencija. Izložena analiza razmatra slučaj uticaja proizvoljnog broja korelisanih ko-kanalnih 
interferencija po svakom kanalu. Predstavljeni su izrazi u zatvorenom obliku za funkciju gustine 
verovatnoće (PDF) i kumulativnu funkciju verovatnoće (CDF) odnosa signal/interferencija (SIR) 
na izlazu iz kombinera na prijemu. Na osnovu ovih statističkih veličina određena je standardna 
mera performansi sistema bežičnog prenosa i verovatnoća otkaza, čije su vrednosti razmatrane u 
funkciji raznih parametara sistema.  

 

Abstract - This paper provides a performance analysis of selection combining (SC) receiver over 
the correlated Rayleigh fading channels operating in general interference-limited environment. 
Analysis of multibranch SC based on signal-to-interference ratio (SIR) is provided for the case 
when each correlated branch experiences an arbitrary number of multiple correlated co-channel 
interferers. Closed form expressions with convergence discussion for the SIR’s standard first 
order statistics i.e. probability density (PDF) and cumulative distribution function (CDF), at the 
SC output are presented. Capitalizing on them, an important performance measure of wireless 
transmission, the outage probability (OP) was analysed, in order to show the effects of the number 
of multiple interferers, diversity order, level of correlation and input SIR unbalance on the general 
transmission characteristics. 

 

1. INTRODUCTION 

Mobile terrestrial and satellite communication systems 
have been extensively developed in recent years. Their main 
purpose is to provide the necessary quality of service 
combined with high capacity [1]. Because of that those 
systems tend to conserve the available spectrum by reusing 
allocated frequency channels in areas that are geographically 
located as close to each other as possible. However, due to 
frequency reuse, signals from two or more channels operating 
at the same frequency, but from different locations, interfere. 
Co-channel interference is defined as the interfering signal 
that has the same carrier frequency as the useful information 
signal. The methodology for the analysis of the impact of any 
kind co-channel interference is given in [2]. The main 
objective is then to analyse how the interference as a general 
distortion (in the form of signal-to-interference ratio, SIR)  
affects well-accepted criteria of  performance of wireless 
systems,  such  as outage  probability,   and  average  bit-error  
probability in order to the practical system implementation 
which satisfies the predetermined minimum performance 
levels.  In  real  time   both  in  base  stations  and  in   mobile  

 
 
 
 
stations, SIR-based measurements and analyses, can be 
performed using specific SIR estimators as well as those for 
both analog and digital wireless systems (e.g., GSM, IS-54) 
[3-4].  

Fading phenomena also remarkably affects wireless 
communication system performances. For mitigating fading 
effects and influence of co-channel interference various 
diversity techniques are used. Space diversity reception is an 
effective remedy that exploits the principle of providing the 
receiver with multiple faded replicas of the same 
information-bearing signal. Their goal is to upgrade 
transmission reliability without increasing transmission 
power and bandwidth and to increase channel capacity. By 
the complexity restriction put on the communication system 
and amount of channel state information available at the 
receiver, there are several principal types of combining 
techniques that can be performed. The best known space 
diversity combining techniques are MRC (Maximum Ratio 
Combining), EGC (Equal Gain Combining), SC (Selection 
Combining) and SSC (Switch and Stay Combining). 
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 Selection combining (SC) receiver process only one of 
the diversity branches, and is much simpler for practical 
realization, comparing to othercombining techniques [5]. 
Other combining techniques require all or some of the 
amount of the channel state information of received signal 
and separate receiver chain for each branch of the diversity 
system, which increase its complexity. 

In cellular systems where the level of the co-channel 
interference is sufficiently high as compared to thermal noise  
SC selection is based on the highest SIR (SIR-based selection 
diversity) [6]. 

The co-channel interference effects analysis on the 
wireless communication systems performance metrics has 
been extensively analysed [7]. Optimum combining over 
Rayleigh fading channels with multiple co-channel interferers 
was presented in [8].  

Closed form expressions for cumulative distribution 
function (CDF) and probability distribution function (PDF) of 
the SC output SIR are derived, for proposed environment 
model, Based on this, important performance measures, the 
outage probability (OP) was determined. Numerical results 
are graphically presented in order to show the effects of the 
number of multiple interferers, diversity order, and the level 
of correlation between received desired signals and multiple 
interferences to the system performances. In designing a 
cellular mobile system, one may wish to determine optimal 
values of system parameters in order to achieve reasonable 
influence of interferers on the outage and bit-error rate 
occurrence. 

2. SYSTEM MODEL 

Let us consider the case of  arbitrary number of correlated 
Rayleigh distributed interferers over each branch of the SC 
diversity system with N branches, having the same average 
power. This assumption is suitable for the two limiting cases 
that can bound the performances of any interference-limited 
systems, that correspond to the scenario when the interferers 
are on the cell edges closest to the desired user cell (worst 
interference case scenario) or where they are at the furthest 
edges (best interference case scenario) [9]. There are several 
wireless systems in practice that also could be adequately 
modelled using this assumption as explained in [10], such as 
single multi-antenna interferer or an interfering cluster of co-
located terminals. Correlation arises between branches, when 
diversity system is applied on small terminals with multiple 
antennas. We will discuss the following case considering 
proposed model of constant correlation between the branches 
for the Nakagami-m model, given in [11]. The constant 
correlation model [12] can be obtained by setting  Σi,j ≡ 1 for 
i = j and Σi,j ≡ ρ for i ≠ j in correlation matrices, for both 
desired signal and interference signal anvelopes. 

Since one variable Nakagami-m (and Rayleigh, obtained 
from Nakagami-m as the special case for  m =1) distribution 
could be derived from the central χ2 (chi-square) distribution 
with 2L degrees of freedom (L independent complex 
Gaussian RVs) joint multivariate pdf distributions for both 
desired and total interfering signal correlated envelopes could 
be expressed by:  
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The desired signal power correlation coefficient ρd is 

defined as cov(Ri
2,Rj

2)/(var(Ri
2)var(Rj

2))1/2, while power 
correlation coefficient ρc for interfering signal is defined as 
cov(ri

2, rj
2)/(var(ri

2)var(rj
2))1/2, with Rk and rk being the 

amplitudes of the desired and interference signals received at 
the k-th branch. Ωdk=

2
kR  stands for the average desired 

signal power at k-th branch, while Ωck = 2
kr  is the total 

average interference signal power at k-th branch, where Ωcik, 
i=1…M is the average power of the single co-channel 
interference, and stands Ωck = MΩcik, with M denotes the 
number of interferers over k-th branch. 

If we define the instantaneous value of SIR at the k-th 
diversity branch input as λk=Rk

2/rk
2. Like it was mentioned 

above SC chooses and outputs the branch with the largest 
SIR. Joint probability density function of instantaneous 

values of SIR at the input of multibranch SC combiner could 
be obtained as in [13]: 
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And joint cumulative distribution function can be written as 
[13]: 

( ) ( )
1
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n

n n
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Let Sk = Ωdk /Ωcik = Ωdk /(Ωck/M) represent the average SIR’s 
at the k-th input branch of the multi-branch SC. Cumulative 
distribution function of output SIR, could be derived from (4) 
by equating the arguments t1= …=tn=t as in [13]: 
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with 2F1 (u1,u2;u3;x), being the Gaussian hypergeometric 
function [14], and: 
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In Table 1, the number of terms to be summed in order to 
achieve accuracy at the desired significant digit is depicted. 
As we can see from the table, the values of these terms are 
strongly related to the correlation coefficients ρd and ρc and 
the number of interferers M at each branch. 
 

Table1 

Terms need to be summed in the expression for CDF of triple 
branch SC output SIR case to achieve accuracy at the 4th 

significant digit presented in the brackets 
M = 2,      ρd =  ρc = 0.2,   

S1 = S2 

M = 3,     ρd =  ρc = 0.2,   
S1 = S2 

S/λ = -10 
dB 

S/λ = 0 dB S/λ = -10 
dB 

S/λ = 0 dB 

15 16 17 17 
19 19 22 20 
22 21 24 22 
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Fig. 1 shows the PDF of output SIR for various values of the 
number of multiple interferers and diversity branches. 

3. OUTAGE PROBABILITY  

Standard performance criterion of communication 
systems operating over fading channels is outage probability 
Pout. This performance measure is also used to control the 
noise or co-channel interference level, helping the designers 
of wireless communications systems to meet the QoS and 
grade of service (GoS) demands.  

OP  is usually defined as the probability that combined 
SNR falls below given outage threshold γ, also known as a 
protection ratio. Protection ratio depends on modulation 
technique and expected QoS. If the environment is 
interference limited, Pout  is defined as the probability that the 
output SIR of used combiner will falls below protection ratio  
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Figure 2 shows the outage probability versus normalized 
parameter S1/γ for balanced and unbalanced ratio of SIR at 
the input of the branches, various values of the number of 
multiple interferers and level of correlation. It can be seen 
from figure  how the outage probability increases when the 
number of multiple co-channel interferers increases due to 
growth of interference domination. Also for this dual SC 
diversity case it is evident how outage probability 
deteriorates when higher level of correlation between the 
diversity branches is presented.  
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Fig. 1 – PDF of the SC output SIR can be obtained easily 

from previous expression 
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 Fig. 2 – Outage probability for the two branch correlated 

case versus normalized parameter  S1/γ  for various values of 
the number of multiple interferers and the level of correlation 

 
Important system parameters, calculated based on outage 

probability are the reuse distance, minimum distance between 
any two co-channel base stations which ensures a worst case 
outage probability no larger than the required value, also 
known as CCI reduction factor and the coverage area, the 
area within which outage probability is guaranteed to be less 
than a given threshold. Capitalizing on previous evaluation 
and presented numerical results one may determine optimal 
values of system parameters for achieving reasonable level of 
outage in practical wireless applications. 
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4. CONCLUSIONS 

Closed form expressions with convergence analysis for the 
probability density function (PDF) and cumulative 
distribution function (CDF) at the output of the multibranch 
SIR-based SC system operating over Rayleigh fading 
channels are derived. It is assumed that each channel 
experiences an arbitrary number of multiple correlated co-
channel interferers. Based on them, outage probability was 
analysed, in order to show the effects of the number of 
multiple interferers, diversity order, level of correlation and 
input SIR unbalance on the system performances. This 
consideration could be taken into account, for determining 
optimal values of system parameters, and achieving desired 
influence of interferers on the outage during the design of 
various cellular mobile systems. 

5. REFERENCES 

[1] P. Stavroulakis, Interference analysis and reduction for 
wireless systems, Artech House, INC, London, 2003 

[2] W. C.,Y. Lee,  Mobile communications engineering, New 
York, Mc-Graw-Hill, (2001) 

[3] D. Austin,  L. Stuber, In-service signal quality estimation 
for TDMA cellular systems, PIMRC ’95 Toronto, ON, 
Canada. pp. 836–40, (1995). 

[4] A. Brandao,  L. Lopez,  C. McLernon, Co-channel 
interference estimation for M-ary PSK modulated 
signals,  IEEE Wireless Personal Communications 
1(1), pp.23–32, (1994) 

[5] G. L. Stuber, Mobile communication, Kluwer, NY, USA, 
2nd edn, 2003 

 

[6] M. Simon,  M. Alouini, Digital communication over 
fading channels, Wiley, New Yourk, (2005) 

[7] A. Shah,  A. Haimovich, Performance analysis of 
optimum combining in wireless communications with 
Rayleigh fading and cochannel interference, IEEE 
Trans. on Comm. 46, pp.473-79, (1998) 

[8] E. Viler, Performance analysis of optimum combining 
with multiple interferers in flat Rayleigh fading,  IEEE 
Transactions on Communications 47, pp. 1503-1509, 
(1999).   

[9] M. Alouini, A. Goldsmith, Area Spectral Efficiency of 
Cellular Mobile Radio Systems, IEEE Transactions on 
Vehicular Technology, vol. 48, no. 4 pp. 1047-1065, 
(1999) 

[10] I. Trigui et.al., Performance Analysis of Mobile Radio 
Systems over Composite Fading/Shadowing Channels 
with Co-located Interferences, IEEE Transactions on 
Wireless Communications, vol. 8, no. 7 pp. 3449-
3453, (2009) 

[11] J. Reig,  Multivariate Nakagami-m distribution with 
constant correlation model. Int J Electron Commun 
(AEU). doi: 10.1016/j.aeue.2007.10.009  

[12] U. Okechukwu,  V. Aalo, Performance of Selection 
Diversity System in Correlated Nakagami Fading,  In 
Proceedings IEEE Vehicular Technology Conference 
(VTC’97), Phoenix, AZ, USA, May 4-7, pp 1448–
1492, (1997) 

[13] S. Panić et. al, Performance analysis of selection 
combining diversity receiver over α-μ fading channels 
in the presemce of co-channel interference, IET 
Communications 3, 11, pp. 1769–1777, (2009)  

[14] I. Gradshteyn and I. Ryzhik, Tables of Integrals, Series, 
and products, Academic Press, New York, (1980) 

 
 

 


