
Acta Polytechnica Hungarica Vol. 18, No. 7, 2021 

 – 171 – 

Outage Performance of Macrodiversity 

Reception in the Presence Rayleigh Short-Term 

Fading and Co-channel Interference 

Branimir Jakšić, Jelena Todorović, Đoko Banđur,  

Branko Gvozdić, Miloš Banđur 

Faculty of Technical Sciences, University of Pristina in Kosovska Mitrovica, 
Knjaza Milosa 7, 38220 Kosovska Mitrovica, Serbia 
branimir.jaksic@pr.ac.rs, jelena.todorovic@pr.ac.rs, djoko.bandjur@pr.ac.rs, 
branko.gvozdic@pr.ac.rs, milos.bandjur@pr.ac.rs, 

This paper presents a wireless macrodiversity communication system consisting of a 

receiver for macrodiversity selection combining (SC) receiver and two microdiversity SC 

receivers operating over correlated Gamma shadowed Rayleigh multipath fading 

environment in the presence of co-channel interference subject to Rayleigh short-term 

fading. First, we derive expression for cumulative distribution function of output signals of 

the both microdiversity SC receivers, and then capitalizing on it, we evaluate outage 

probability of the macrodiversity reception. The obtained probability outage results, both 

numerical and those obtained by simulation, as well as, the influence of Gamma long-term 

severity parameter and the correlation coefficient, are graphically illustrated and 

discussed. 
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1 Introduction 

Short-term fading, long-term fading and co-channel interference degrade mobile 
wireless communication system performance, cause signal envelope variation and 
signal envelope average power variation [1]. Macrodiversity reception 
simultaneously reduces both long-term and short-term, fading effects on the 
system performance [2-5]. Microdiversity receivers mitigate short-term fading 
effects while macrodiversity receiver reduces long-term fading effects on wireless 
communications system outage performance [6-7]. Macrodiversity system is 
composed of a macrodiversity SC (Selection Combining) receiver and two or 
more microdiversity SC receivers [8-9]. Each microdiversity SC receiver selects 
branch with the highest signal-to-interference ratio while macrodiversity SC 
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receiver selects microdiversity receiver with the highest output signal power [10-
11]. 

Various system models are presented in the publicly available literature. Some of 
them, proven to be successful in modeling different system operating conditions, 
are presented in [12-17]. These models can also be applied in the modeling of 
wireless communication systems that use diversity technology. 

The performance analysis of a SC receiver in the presence of multipath fading and 
co-channel interference is studied in [18-23]. A macrodiversity system composed 
of one macrodiversity SC receiver and two microdiversity MRC (Maximum Ratio 
Combining) receivers operating over Gamma shadowed Rician multipath fading 
channel is considered in [18]. Closed form bit error probability expression of the 
microdiversity SC receivers is derived, and then that expression is used for 
evaluation of the entire macrodiversity system bit error probability. 
Macrodiversity system with a macrodiversity SC receiver with L branches and 
MRC microdiversity receivers with N branches operating over Gamma shadowed 
Nakagami-m multipath fading channel is analyzed in [19], where the second order 
performance metrics such as level crossing rate and average fade duration are 
calculated as closed form expressions. 

Performance analyzes of wireless communication systems with diversity 
technology and the impact of different types of fading are discussed in [6-7, 24-
27]. In [6], LCR (Level Crossing Rate) of the signal at the SC macrodiversity 
system output in the presence of α-μ short-term fading and gamma long-term 
fading was determined. The first order statistical characteristics of an output signal 
of the system consisting of three MRC microdiversity receivers and one SC 
macrodiversity receiver were studied in [7]. Input signals of the microdiversity 
MRC receivers are subject of independent k-μ short-term fading and correlated 
Gamma long-term fading. In [24], statistical moments of a signal at the output of 
system consisting of two EGC (Equal Gain Combining) microdiversity receivers 
and one SC macrodiversity receiver were determined in the presence of 
Nakagami-m fading. In [25], outage probability of a macrodiversity system 
consisting of two SC microdiversity receivers and one SC macrodiversity receiver 
in the presence of Fading and Weibull co-channel Interference was calculated.     
A study of wireless propagation in non-homogenous environment under non-
deterministic LOS (Line-of-Sight) conditions, when the random nature of 
dominant/scattering components ratio has been considered and modeled as 
Gamma distribution is given in [26]. It includes closed-form expressions for PDF 
(Probability Density Function), CDF (Cumulative Distribution Function), outage 
probability and ABER (Average Bit Error Probability) of the observed fading 
process. In [27], expression for the chip error probability, the symbol error 
probability and the packet error probability are evaluated for IEEE 802.15.4 
wireless channel in the presence of κ–μ fading, interference and additive white 
Gaussian noise. 
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A performance analysis of SC macrodiversity reception in the presence of 
Rayleigh short-term fading and co-channel interference is a novelty in the publicly 
available literature, according to authors best knowledge. Therefore, the 
contribution of this paper, is as follows: 

- Modeling of a wireless communication system consisting of a 
macrodiversity SC receiver and two microdiversity SC receivers 
operating over correlated Gamma shadowed Rayleigh multipath fading 
environment in the presence of co-channel interference subject to 
Rayleigh short-term fading. 

- Derivation of the analytical expression for outage probability at the 
output of the macrodiversity system. 

- Analysis of the obtained numerical results, determining the impact of 
system parameters on the received signal quality. 

2 System Model 

Macrodiversity system studied in this paper is composed of a macrodiversity SC 
receiver and two microdiversity SC receivers operating over correlated Gamma 
shadowed Rayleigh multipath fading channel in the presence of the co-channel 
interference subject to Rayleigh short-term fading. The system model is shown in 
Fig. 1. 

 

Figure 1 

System model of the studied macrodiversity reception 
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Received signal envelopes at the branches of the first microdiversity receiver are 
denoted with x11 and x12, and at the branches of the second microdiversity receiver 
with x21 and x22. The co-channel interference envelopes at the branches of the first 
microdiversity SC receiver are denoted with y11 and y12, and at the branches of the 
second microdiversity receiver with y21 and y22. The respective signal to 
interference ratios are denoted with η11, η12, η21 and η22. Desired signal envelopes 
at the output of the microdiversity SC receivers are denoted with x1 and x2, co-
channel interference envelopes with y1 and y2, and signal to interference ratios 
with η1 and η2. Desired signal at the output of the macrodiversity SC receiver is 
denoted with x, interference with y, while η is signal to interference ratio. Average 
power of the desired signal at the branches of the microdiversity SC receivers is 
denoted with Ω1 and Ω2, and the average power of the interference signal with S1 
and S2. PDF of xij, i=1,2; j=1,2 is [2, 28]: 
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and probability density function of yij is [2, 28]: 
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The signal to interference ratio at the branches of the microdiversity SC receivers 
is 
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Probability density function of ηij is 
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CDF of ηij is 
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Cumulative distribution function of at outputs of microdiversity SC receivers is 
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Joint probability density function of Ω1 and Ω2 is [29]: 
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where c is Gamma fading severity parameter, Ω0 is the average power of Ω1 and 
Ω2 and ρ is correlation coefficient. Joint probability density function of Ω1 and Ω2 
based on (8) is plotted in Fig. 2. 

The joint probability density function of S1 and S2 follows independent Gamma 
distribution: 
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where c is Gamma severity parameter and S0 is the average square value of S1 and 
S2. 

a)   
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b)  

Figure 2 

Joint probability density function of Ω1 and Ω2 for c=1.5 and: a) ρ=0.2, b) ρ=0.8 

3 Analytical Results 

The algorithm for calculating the analytical expression for outage probability at 
the output of the macrodiversity system is presented in Fig. 3. 

 

Figure 3 

Algorithm for outage probability calculation 
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The figure presents the necessary steps for obtaining the required expression, and 
based on the proposed system model given in Fig. 1. Necessary steps for obtaining 
the required expression are related to equations in the paper. 

Macrodiversity SC receiver selects microdiversity SC receiver with the highest 
average power of the output signal. Therefore, cumulative distribution function of 
the macrodiversity SC receiver output signal is [25]: 
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By substituting (7) and (8) into (9) and by using (5), Fη(η/S1) can be expressed as: 
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where (a)n denoting the Pochhammer symbol [30] and: 
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By using formula for confluent hypergeometric function U(a,b,z) [30]: 
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the integral I1 can be written in the form: 
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After substitution (13) in (10), Fη(η/S1) becomes: 
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The cumulative distribution function of η can be calculated by averaging (14), 
Fη(η) becomes: 
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where Fη(η/S1) is given by (14), pS1(S1) is defined over (4) and I2 is 
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By using the formula [30]: 

     
   1

2 1

0

1
, , , 1; 1; 1

1
b St b b c

dtt e U a c t F b b c a b c S
a b c


     

      
     (97) 



Acta Polytechnica Hungarica Vol. 18, No. 7, 2021 

 – 179 – 

the expression for Fη(η) becomes: 
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where 2F1 is hypergeometric function. 

In Table 1, the number of terms to be summed in order to achieve accuracy at the 
desired significant digit is depicted [31] in derived expression for outage 
probability. As we can see from the table, how increases parameter c increases the 
number of terms to be summed in order to achieve accuracy at the 5th significant 
digit. For higher values of parameter ρ, higher number of terms to achieve 
accuracy at the 5th significant digit is required. 

Table 1 

Terms need to be summed in the expression for cumulative distribution function to achieve accuracy at 

the 5th significant digit presented 

Ω0=1, 
S0=1 

c=1 c=2 c=3 

ρ=0.2 58 51 44 

ρ=0.4 60 51 44 

ρ=0.6 66 56 48 

ρ=0.8 78 62 56 

4 Numerical Results 

Outage probability of the studied macrodiversity system, is defined as the 
probability that the output SIR (Signal-Interference-Ratio) falls below a given 
threshold γth, and it can be expressed as Pout(γth) = F(γth). CDF F(γth) was defined 
by Eq. 18. Numerical results were obtained by implementing expression Eq. 18, in 
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the Wolfram Mathematica software package [32]. The algorithm for calculating 
the CDF based on which the program code with parameter values is defined is 
given in Fig. 4. 

a)        b)  

Figure 4 

Algorithm for calculating the CDF of the analyzed system: a) for Figure 5, b) for Figure 6 

The pseudo code for calculating the results in Fig. 5 is: 

Ω0=1; 

S0=1; 

for (c=1, c<=2, c=c+1): 

     for (ρ=0.2, ρ<=0.6, ρ=ρ+0.2): 

          for (γth=5, γth>=0, γth=γth-1): 

               calculating Eq. (18); 

The pseudo code for calculating the results in Fig. 6 is: 

Ω0=1; 

S0=1; 

for (γth=0, γth>=-2, γth=γth-2): 

     for (c=1, ρ<=2.5, c=c+0.5): 

          for (ρ=0.1, ρ<=1.0, ρ=ρ+0.1): 

              calculating Eq. (18); 
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Outage probability of the studied macrodiversity system, and for several values of 
Gamma long-term fading severity parameter c and Gamma long-term correlation 
coefficient ρ is plotted in Fig. 5 and Fig. 6. 

The outage probability increases as the threshold γth increases, and goes up to 1 for 
high values of γth. When severity parameter c increases, the outage probability 
decreases which improves system performance. The influence of the severity 
parameter c on outage probability is higher for lower values of γth. Values of the 
correlation coefficient ρ can range from 0 to 1. When the value of the correlation 
coefficient ρ is lower, especially when it is in the range of values close to 0, the 
received signals at the branches of the studied system are less correlated. It results 
in a higher probability of the correct signal detection, which consequently 
improves the system performance and makes probability outage lower. In the 
opposite case, for higher values of the correlation coefficient ρ the outage 
probability is higher for the same threshold values, as it could be seen in Fig. 5.   
In general, influence of the correlation coefficient ρ on the outage probability is 
higher for lower values of γth and moderately depends on the values of the 
parameter c, which can also be seen in Fig. 5. 

 

Figure 5 

Outage probability versus the outage threshold for several values of c and ρ 
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The outage probability change with correlation coefficient ρ is depicted in Fig. 6. 
It shows that outage probability decreases when parameter ρ increases. Moreover, 
it is much more pronounced at the lower values of the parameter ρ. Also, it can be 
seen that for the higher values of parameter c  the lower outage probability values 
are obtained. If the values of parameter c are compared, it can be seen that the 
difference between outage probability values is greater at lower values of 
parameter c. The behavior of the outage probability depending on the parameter ρ 
for the various values od the parameter c is identical for the various threshold 
values γth, with the an exception that the lower outage probability values are being 
obtained for the lower threshold values γth. 

Numerical results were confirmed by Monte Carlo simulations using Matlab 
software package. Simulation results follow the results obtained by numerical 
calculation. 

 

Figure 6 

Outage probability versus the correlation coefficient ρ 

Conclusions 

In this paper, a macrodiversity system, composed of a macrodiversity SC receiver 
and two microdiversity SC receivers operating over Gamma shadowed Rayleigh 
multipath fading channel in the presence of Rayleigh co-channel interference, is 
considered. Macrodiversity receiver mitigates Gamma long-term fading effects, 
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while microdiversity receivers mitigate short-term fading effects resulting in 
outage probability decreasing. When long-term fading severity parameter goes to 
infinity Gamma shadowed Rayleigh multipath channel becomes Rayleigh 
multipath channel, while, when Gamma long-term fading correlation coefficient 
goes to 1, macrodiversity system becomes microdiversity system. When 
correlation coefficient goes to 1, the weakest signal occurs at the both base 
stations, simultaneously. The closed form expression for cumulative distribution 
function of the microdiversity SC receiver output is derived, and then capitalizing 
on it, the outage probability expression of the macrodiversity SC receiver output 
signal is also derived. When long-term fading severity parameter goes to 1, the 
expression for outage probability of the studied macrodiversity system in the 
presence of Gamma shadowed Rayleigh multipath fading becomes expression for 
outage probability of macrodiversity system in the presence of Rayleigh fading. 
Obtained numerical results are presented graphically to show long-term fading 
severity parameter and correlation coefficient influences on the considered 
macrodiversity system outage probability. As the Gamma severity parameter 
increases, outage probability decreases and as the correlation coefficient 
decreases, the outage probability also decreases. Outage probability increases 
when the threshold value increases. The influence of the Gamma severity 
parameter and correlation coefficient, are higher for the lower threshold values. 
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