
376                                                                                                                                                                                                          Technical Gazette 25, 2(2018), 376-381 

ISSN 1330-3651 (Print), ISSN 1848-6339 (Online)                                                                                                                       https://doi.org/10.17559/TV-20161227102847 
Original scientific paper 

 
 

Outage Probability of Macrodiversity Reception in the Presence of Fading and Weibull Co-
Channel Interference 

 
Miloš PERIĆ, Branimir JAKŠIĆ, Danijela ALEKSIĆ, Dragan RANDJELOVIĆ, Mihajlo STEFANOVIĆ 

 
Abstract: In this paper macrodiversity reception with macrodiversity selection combining (SC) receiver and two microdiversity SC receivers operating over Gamma 
shadowed Weibull multipath fading channel in the presence of co-channel interference subjected to Weibull short term fading is analysed. Closed form expression for 
cumulative distribution function (CDF) of signals at outputs of microdiversity receivers is calculated. These results are used for CDF evaluation of macrodiversity SC 
receiver output signal envelope. Series of derived expressions for outage probability rapidly convergence from 5 to 10 terms should be summed to achieve accuracy at 5th 
significant digit for any Gamma long term fading parameters and Weibull short term fading parameters. In this paper, influence of Gamma long term fading severity 
parameter, Gamma long term fading correlation coefficient and Weibull short term fading nonlinearity parameter on outage probability are analysed and discussed. 
 
Keywords: co-channel interference; cumulative distribution function (CDF); macrodiversity (MAD); microdiversity (MID); outage probability; Weibull 
 
 
1 INTRODUCTION 
 

Macrodiversity (MAD) technique with MAD 
selection combining (SC) receiver and two or more 
microdiversity (MID) receivers can be used to reduce 
long term fading effects and short term fading effects on 
system performance of wireless communication system. 
MAD SC receiver selects MID SC receiver with higher 
signal envelope average power at inputs to provide 
service to user resulting in long term fading reduction and 
MID SC receiver selects and outputs branch with the 
highest signal to interference envelopes ratio reduction of 
short term fading effects reduction [1 - 4]. 

There are multiple distributions that can be used to 
describe small scale envelope variations in multithreaded 
Weibull distribution faded channels describing the 
variation of small scale envelope variations in nonlinear 
and non-line-of-sight multistage channels with a single 
cluster. This distribution has parameter α which is in 
relation to nonlinearity of fading channels. When 
parameter α is two, Gamma shadowed Weibull fading 
channel becomes Gamma shadowed Rayleigh multipath 
fading channel [5, 6]. Long scale signal envelope 
variation can be described using Log-normal distribution 
or Gamma distribution. When long term fading is 
described by using Gamma distribution, outage 
probability can be derived in closed form. Gamma 
distribution has severity fading parameter c. When 
parameter c goes to infinity, Gamma shadowed multipath 
fading channel becomes multipath fading channel. When 
correlation coefficient goes to one, the least signal occurs 
simultaneously on both MID receivers resulting in system 
performance degradation [7, 8]. 

There are more works in open technical literature 
considering performance of wireless communication 
system in the presence of short term fading, long term 
fading and co-channel interference. In [9], average level 
crossing rate and average fade duration of MAD system 
with MAD SC receiver and two MID maximal ratio 
combining (MRC) receivers operating over Gamma 
shadowed Nakagami-m multipath fading channel are 
calculated. Wireless communication system with SC 
receiver operating over Nakagami-m multipath fading 
channel in the presence of Nakagami-m co-channel 
interference is considered. In this paper, probability 

density function, cumulative distribution function, 
moments, outage probability and bit error probability of 
considered wireless system are evaluated. In [10], the 
second order statistics of MAD system are analysed. 

In this paper, MAD system with MAD SC receiver 
and two MID SC receivers is studied. Received signal 
propagates over correlated Gamma shadowed Weibull 
multipath fading channel and co-channel interference. 
Closed form expression for cumulative distribution 
function of MAD SC receiver output signal envelope is 
calculated. To the best author’s knowledge, MAD system 
with two MID receptions operating over Gamma 
shadowed Weibull fading channel in the presence of 
Weibull co-channel interference is not reported in open 
technical literature. 
 
2 SYSTEM MODEL 
 

MAD technique with MAD SC receiver and two MID 
receivers operating over Gamma shadowed Weibull 
multipath fading channel in the presence of co-channel 
interference subjected to Weibull short term fading is 
considered. Model MAD system is shown in Fig. 1. 
Received signals envelopes and co-channel interference 
envelope at inputs and outputs of MAD and MID receiver 
are denoted in Fig. 1.  
 

 
Figure 1 MAD system 

 
Received signal envelopes at inputs in the first MID 

receiver are denoted with x11 and x12 and the inputs in the 
second MID receiver with x21 and x22. The co-channel 
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interference envelopes at inputs of the first MID SC 
receiver are denoted with y11 and y12, at inputs in the 
second MID receiver with y21 and y22. Ratios signal to 
interference are denoted with η11, η12, η21 and η22. At 
outputs of MID SC receivers desired signal envelopes are 
denoted with x1 and x2, co-channel interference envelope 
with y1 and y2 and ratios of signal to interference are 
denoted with η1 and η2. At output of MAD SC receiver 
desired signal is denoted with x, interference with y and η 
is signal to interference ratio. At inputs of MID SC 
receivers desired signal average power is denoted with Ω1 
and Ω2 and interference signal average power with S1 and 
S2. 

Probability density function (PDF) of xij, i=1,2; j=1,2 
is [3]: 
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The ratio of derived signal envelope end co-channel 

interference signal envelope is 
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The PDF of ηij is 
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The cumulative distribution function (CDF) of ηij is 
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After substituting i iS t zαΩ + = and 1 1d d
i

t t z
S
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in (5), CDF of ηij becomes 
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The CDF of ηi, i=1,2 is 
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Random variables Ω1 and Ω2 have correlated Gamma 

distribution 
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where c is Gamma long term fading severity parameter, ρ 
is Gamma long term fading correlation coefficient and Ω 
is average value of Ω1 or Ω2. Random variable S1 and S2 
follow also uncorrelated Gamma distribution 
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where c1 is Gamma parameter and β is average value of S1 
or S2. 
 
3 ANALYTICAL RESULTS 

 
MAD SC receiver selects MID SC receivers with 

higher signal envelope average power at inputs to provide 
service to user. Therefore, the CDF of η is 
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where (a)n is denoting the Pochhammer symbol [11]. 

The integral I1 is 
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The integral I2 is 
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After substituting 1

1
z
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1 1d dS zαΩ η= , the integral I2 becomes 
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Previously integral can be solved by using formulas 

for confluent hypergeometric function U(a,b,z) [11]: 
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For considered case, parameters a, b and s are 
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After substituting Eq. (14), Eq. (15), Eq. (16) and Eq. 

(17) in Eq. (13), the expression for I2 becomes 
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The integral I3 is 
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CDF of η can be calculated by averaging CDF of η/S1 

rejected to S1 
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The integral I4 is 
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The integral I5 is 
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Previously integral can be solved by using formulas 
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where 2F1 is hypergeometric function [11]. 

For considered case is 
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After substituting Eq. (24), Eq. (25), Eq. (26) and Eq. 

(27) in Eq. (23), the expression for I5 becomes 
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The integral I6 is 
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4 NUMERICAL RESULTS 
 

Cumulative distribution function (CDF) of considered 
NAD system in terms of signal to interference ratio (SIR) 
for different values of Gamma long term fading severity 
parameter c and Gamma long term fading correlation 
coefficient ρ is shown in Fig. 2. 

CDF increases as SIR increases and outage 
probability goes to one for high values of SIR or when 
SIR goes to infinity. The influence of SIR on outage 
probability is higher for lower values of SIR. When 
severity parameter c increases, outage probability 
decreases resulting in system performance improvement. 
The influence of parameter c on outage probability is 
higher for lower values of SIR, also, the influence of 
severity parameter c on outage probability is higher for 
lower values of parameter c. When correlation coefficient 
decreases, CDF decreases and performance quality is 
worse. The influence of correlation coefficient on outage 
probability is higher for lower values of SIR. The 
influence of correlation coefficient on outage probability 
is similar for lower and higher values of parameter c. 

Cumulative distribution function versus Gamma long 
term fading severity parameter c for different values of 
Gamma long term fading correlation coefficient ρ is 
shown in Fig. 3. CDF decreases as parameter c increases 
and CDF fast decreases to lower values of correlation 
coefficients. 

In the numerical analysis, standard values of the 
system parameters are used [3]. Values of Gamma long 
term fading severity parameter c go from 1 to 3. Values of 
Gamma long term fading correlation coefficient ρ go from 
0 to 1. 
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5 CONCLUSION 

 
The MAD technique with the MAD SC receiver and 

two MID SC receivers are operating on the shaded 
multilayer pale channels in the presence of the co-channel 
interference subjected to short-term fading. Received 
derived signal and co-channel interference experience 
Weibull multipath fading and correlated Gamma long 
term fading. MAD SC receiver reduces Gamma long term 
fading effects and MID SC receivers reduce Weibull short 
term effects fading on system performance. MAD SC 
receiver selects MID SC receiver with higher signal 
envelope average power to provide services to user and 
MID selects and outputs branch with the higher ratio of 
signal envelope and interference envelope resulting in 
system performance improvement. Closed form 
expression for cumulative distribution function for signals 
at outputs MID SC receivers is calculated. By using these 
formulas, cumulative distribution function of MAD SC 
receiver output signal envelope is efficiently calculated. 
Outage probability of MAD system can be evaluated from 
cumulative distribution. The influence of Gamma long 
term fading severity parameter, Gamma long term fading 

correlation coefficient and Weibull short term fading 
nonlinearity parameter on outage probability is analysed 
and discussed. The system performance is better for lower 
values of outage probability. Outage probability decreases 
when Gamma shadowing severity parameter increases. 
Outage probability has higher values for lower values of 
Weibull nonlinearity parameter. The influence of Weibull 
parameter on outage probability is higher for lower values 
of Gamma fading severity parameter. When correlation 
coefficient goes to one, the least signal occurs 
simultaneously on both MID SC receivers. In this case, 
MAD system becomes MID system. 
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