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Abstract—The worldwide acceptability of wireless 

communication is due to its portability and flexibility. 

However, its performance is governed by the multipath 

propagation effects which make wireless communication 

modelling challenging. The existing technique being used 

to solve this propagation effects is based on Probability 

Density Function (PDF) which is inefficient in 

addressing diversity over combined Rayleigh and Rician 

(          fading due to its complexity. Therefore, this 

paper aims to develop an approximated Moment 

Generating Function (MGF) for spatial diversity 

combining such as Equal Gain Combining (EGC) and 

Maximal Ratio Combining (MRC) over          fading 

channel. A MGF model in form of Taylor‟s series is 

generated from the expected value of the          fading 

channels. The MGF is characterized using Amount of 

Fading (AF) and Bit Error Rate (BER) in term of Line of 

Sight (LOS) component „k‟. The MGF is transformed 

into EGC and MRC, and were measured in terms of 

propagation paths (L). These are approximated using the 

Pad  ́  Approximation (PA). The approximates obtained 

are used in the derivation of BER expression of M-ary 

Quadrature Amplitude Modulation (MQAM) and M-ary 

Phase Shift Keying (MPSK) in terms of Signal to Noise 

Ratio (SNR). The models are evaluated using AF and 

BER at different values of LOS to determine the 

performance of the diversity techniques. The results 

obtained show that as LOS component „k‟ increases from 

0, the Af and BER reduce indicating reduction in fading 

effects. Therefore, the models developed are effective in 

predicting the performance of diversity techniques and 

overcome the multipath effects associated with the 

wireless communication. 

 

Index Terms—MGF, Rayleigh, Rician, Pad  ́ 

Approximation, BER. 

 

I.  INTRODUCTION 

Wireless communication has become a worldwide 

phenomenon which transcends race, gender and religion. 

Its acceptability is due to its portability, flexibility, cost 

effectiveness, instant and easy connectivity with anyone, 

anytime, anywhere, convenience, and enhanced 

efficiency [10, 24, 25, 27]. However, it suffers from 

multipath fading effects, which are due to the effects of 

propagation mechanisms leading to multiplicative 

distortion. This eventually causes fading at the receiving 

end and has been previously solved using diversity 

techniques. The analysis of the diversity combining has 

relied so much on the Probability Density Function (PDF) 

based method which leads to multiple integrals and 

therefore, very complex to solve [23]. 

Diversity combining has been known to be a classical 

and a very powerful technique to address the multipath 

fading. In diversity, multiple copies of the signal which 

are independent, identically distributed are transmitted 

over different paths. This technique is exploited in space, 
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time, frequency, and polarization. Space diversity is the 

most common form of diversity which is achieved using 

multiple antennas at the receiver. For diversity 

combining to be effective multiple signal copies need to 

be independent, hence, different types of diversity are 

efficient in different situation [2, 5, 21].  

Wireless communication, (WC) can be modelled using 

different types of models namely: empirical, 

deterministic and stochastic models. Empirical model is 

based on field measurement obtained from results of 

several experimental efforts. This model is simple and 

efficient but depends on the terrain profile where the 

measurement is taken and therefore, is geographically 

bias. The deterministic model, on the other hand, is an 

analytical way of estimating propagation loss in wireless 

communication. There are two approaches in this 

deterministic model namely: solving some 

electromagnetic (e.m) wave equations, which is 

extremely complicated and the other one is the ray 

tracing approach, which is the most widely used but 

requires a lot of computing power. While in stochastic 

modeling, the wireless environment is treated as a series 

of random variables using statistical distributions and 

methods to characterize the wireless communications 

channel. Modelling of satellite communication which is a 

form WC has depended solely on several models such as 

Corraza, Loo and Lutz‟s models, the latter is regarded as 

the best model for satellite channel but has too many 

parameters to be determined in the analyses [1, 8, 12, 14, 

17, 18, 22, 23]. 

In [19], an investigation into the performance of M-ary 

Phase Shift Keying (M-PSK) in Mobile Satellite 

Communication (MSC) over combined ionospheric 

scintillation and flat fading channels with Maximal Ratio 

Combining (MRC) diversity was carried out. The paper 

focused on the derivation of the average Bit Error 

Probability (BEP) of M-PSK modulation scheme. In the 

paper, the satellite channel was modeled as a product of 

two Rician channels (                Channels). This is 

because the signal passes through the ionosphere which 

consists of specula components and the lower atmosphere 

called the troposphere resulting in a product fading 

channel, also, due to reduction of Rician fading 

distribution to Rayleigh distribution when the Rician 

factor is zero. [9, 12, 13, 15, 16] have modelled various 

communication channels using moments based statistical 

approach. The work of [9] is on derivation of the 

Moment Generating Function (MGF) of the Weibull 

channel employing the well-known moments of the 

Weibull Random Variable (RV) and then expresses the 

MGF in term of a power series through the expected 

value operator, the infinite series is then approximated by 

Pad ́ Approximation (PA). Through this, analysis of the 

performance of digital modulations over Weibull slow 

flat fading channel is carried out. This paper addresses 

the stochastic modelling of wireless communication 

channel as a combination of Rayleigh and Rician fading 

(        ) channel.  

The rest of the paper is organized as follows: section II 

deals with review of the past related work, while section 

III deals with modelling of the channel with the 

combining techniques as well as Pade Approximation 

(PA) and the Bit Error Rate (BER) of the composite 

fading channel. Section IV discuss the result obtained, 

while section V gives the conclusion of the paper.  

A.  Contributions 

This paper has contributed to modelling of satellite 

communication channel which does not involve multiple 

complicated integrals and the suggested channel to model 

the satellite communication with simplicity and accurate.  

 

II.  RELATED WORK 

In [18], performance of M-ary Phase Shift Keying 

(MPSK) in Mobile Satellite Communication (MSC) over 

combined ionospheric scintillation and flat-fading 

channels with Maximal Ratio Combining (MRC) 

diversity was investigated. The paper identified the effect 

of combined scintillation and terrestrial fading at the 

lower atmosphere which resulted in a product fading 

channel and consequently, has a negative effect on the 

performance of the system. The authors identified the 

challenge of evaluating probability of error as a 

parameter to study the performance of the system. The 

research proposed MRC diversity as a means of 

mitigating the effect of the product fading channel which 

was modeled as the product of two Rician channel. In the 

work, Bit Error Probability (BEP) of MPSK over the 

product fading channel with MRC diversity was analyzed. 

Moment Generating Function (MGF) was employed and 

this resulted in a double summation integral in terms of 

the generalized hyper-geometric function. The result of 

the simulation revealed a significant improvement on the 

BEP and the BEP decreased as the diversity order 

increased. The developed BEP is rigorous and complex 

for further analysis.  

Also, in [8] the use of Pade Approximation (PA) for 

performance evaluation of MRC diversity over Weibull 

fading channels was developed. In the research, the MGF 

of the Weibull channel was derived by employing the 

well-known moments of the Weibull RV and then 

expressed the MGF in terms of a power series through 

the expectation operator, the infinite series was then 

approximated by PA. Through this approximation, a 

comprehensive study of the performance of digital 

modulations over Weibull slow flat fading channel was 

carried out. The accuracy of the PA technique was 

illustrated by comparing the results of the exact MGF 

with Monte Carlo simulations. With the approximate 

expression, the performance of digital modulation 

schemes over single channel and multi-channel 

employing MRC was analyzed. The result showed an 

excellent agreement with previously published results as 

well as with simulations. The Weibull multipath fading 

channel cannot be used to model the satellite 

communication channel which the current research model 

as composite Rayleigh and Rician distribution.  

Furthermore, in [12], Bit Error Rate (BER) analysis of 

Binary Phase Shift Keying (BPSK) modulation in a 
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Rician fading co channel interference was investigated. 

In this work, a precise BER expression was derived for a 

Rician-faded BPSK signal in the presence of Rician 

faded interfering signals. The research focused on using 

three approaches namely; characteristics function, 

Chernoff bound and saddle point approximation 

approach. The BER expression derived in Rician faded 

channel using the CHF approach requires two-fold 

integral and the expression is cumbersome for further 

analysis. The current research derives a simple Amount 

of Fading and BER expression over the combined 

Rayleigh and Rician distribution. 

 

III.  MODELLING OF CHANNEL AND DIVERSITY 

COMBINING TECHNIQUE 

According to [1] and [19],          fading channel has 

been proposed for modelling Flat or Frequency Non-

Selective Mobile Satellite Communication channel. 

Assuming a combined Rayleigh and Rician fading 

channel in a communication system with either MRC or 

EGC receiver. The received signal       on each branch 

over a flat fading channel in the presence of noise is 

expressed as 

 

                                       (1) 

 

where      is the transmitted signal,    is the complex 

low pass channel impulse response of the joint Rayleigh 

and Rician Fading channel,       is the Additive White 

Gaussian Noise (AWGN) with zero mean and variance 

   in each branch. All the branches are assumed to be 

uncorrelated. Therefore, using MRC technique the 

weighted sum of the       is given as 
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while for EGC, the weighted sum is given in (3) as  
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where    is the weight of the l
th

 branch and is given as 

the complex conjugate of   ,    is the fading envelope of 

l
th

 branch. From [1, 7, 18, 23], the moments of MRC and 

EGC output are derived for the combined Rayleigh and 

Rician Fading channel as 
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where  ̅ is the average SNR at the output of the combiner.  

A.  Amount of Fading (AF) 

The AF can be statistically modelled from the moment 

and for any arbitrary combining technique, AF does not 

change. The moments derived are used to calculate the 

Amount of Fading (AF), AF is given in [23] as 
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This implies that AF requires only the first and second 

moments to determine its expression, upon finding the 

 [  ] and  [ ], AF model is simplified to 
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Equation (7) gives the AF model for the composite 

fading channel irrespective of the combining methods 

used.  

B.  MGF of the Output of the Combiner 

MGF is a simple and powerful statistical tool for 

simplifying the analysis of diversity receivers. The n
th

 

moment of a random variable is the coefficient of the 

power series expansion of the MGF. This makes it so 

powerful in statistical analysis of the wireless 

communication channel. MGF is regarded as the Laplace 

Transform (LT) of the Probability Density Function 

(PDF) of a random variable and therefore, known as a 

complement of the PDF [23, 28]. It is expressed by [7, 18, 

22] as 
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Using (4), (5) and (8) with the Taylor series equivalent 

of the MGF which is given as 
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With equation (9), the MGF series at the output of 

MRC receiver is given as  
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where     ̅ 
  and       is for a single channel, and 

          and for L>1 and since this paper considers 

independent and identical distribution (iid) fading 

channel, then,     ̅ , where  ̅, is the average output 

SNR, therefore, (10) becomes 
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while for EGC, 
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These two MGFs form an infinite power series in “s” 

and are not guaranteed to converge for any practical use. 

The uncertainty in its divergence or convergence is 

solved by employing PA. Therefore, the MGF series 
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generated at L = 2 and k = 0 are given in (13) and (14) 
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C.  Pad ́ Approximation (PA) 

A compact rational approximation of (13) and (14) is 

desirable to capture the limiting behavior of the power 

series. Therefore, in this paper, MGF is approximated in 

a rational form for subsequent computation. The one-

point PA of order     ⁄ , where A is the highest power 

of the polynomial in the numerator, while B is the 

denominator, that is  
 

    , defined from the series as a 

rational function by [4], [12], [13], [15], [16] and [26] as 
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The coefficient    and    are real coefficients defined 

such that 
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where           represents the terms of order higher 

than A+B which is the remainder after the truncation by 

PA. The coefficients    and    are obtained using the 

moment matching approach introduced by [3]. This is 

carried out by matching the coefficients of the power 

series on both sides of the equation above. Taking      

and without any loss of generality, equation (15) forms a 

set of equations obtained as follows, from (16), and 

neglecting the remainder,          , cross 

multiplication yields 

 

∑    
  

    ∑    
  

    ∑    
    

             (17) 

 

The set of equations developed from (17) form a 

system of B linear equations for the B unknown 

denominator coefficients. This set of equations is solved 

using matrix method and back substitution in order to 

determine the coefficients          . As a demonstration 

of this unique approximation technique, the MGF of the 

combined channel,       without diversity at k = 0 

which implies a combined Rayleigh-Rayleigh fading 

channel is 
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This is similar to the well-known MGF Rayleigh 

expression given in [23] but differs because of the 

combined fading channel involved. 

D.  Bit Error Rate of Diversity Combiner over Combined 

Fading Channel 

The BER of MPSK and MQAM over the combined 

fading channel for MRC and EGC diversity combiners 

are derived as follows: the approximated model from the 

MGF series for branch „L‟ = 1, when there is no diversity 

is 
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Using the expressions given by [20, 23] with the PA 

approximated MGF series of the type in equation (19), 

the performance of digital modulation techniques M-PSK 

and M-QAM schemes can be obtained. In MRC, for an 

iid with the same fading parameters and the same average 

SNR per bit for all „L‟ branches then the BER for M-PSK 

expression is derived as 
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while for EGC technique, the BER for M-PSK is given as; 
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where           
 ⁄ , and   
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The BER expression for MQAM signaling scheme 

with MRC, is given as 
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In case of EGC with M-QAM signalling scheme, the 

BER expression is obtained as 
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IV.  RESULTS AND DISCUSSION 

The AF and BER values obtained for the M-PSK and 

M-QAM signaling schemes over the combined Rayleigh 

and Rician fading channel using MRC and EGC at the 

receiver are presented in Figures 1-6. Figure 1 presents 

AF versus specular component K over combined 

Rayleigh and Rician fading channel. The amount of 

fading (AF) at the Rician factor, K, the LOS component 

   , is 3, while at     , the AF reduces to 1.127. 

This is true in real life scenario, at    , the fading 

model is completely a product of two Rayleigh fading 

channels. It also implies that there is no line of sight 

component between the transmitter and the receiver due 

to natural and man-made barriers. This result also shows 

 

 

 

 

 

that as the value of K increases, the AF reduces as 

expected in real life scenario.  Fig. 2 presents the BER 

versus SNR using 4-QAM, 16-QAM and 64-QAM 

signaling scheme for EGC over the           fading 

channels with       . The results show that at SNR of 

2dB, with two paths (L = 2), BER of          , 

          and            are obtained for 4QAM, 

16QAM and 64QAM respectively, while BER of 

          ,           ,            were 

obtained respectively at    . This shows that BER 

reduces as the number of path „L‟ increases. Fig. 3 

depicts the BER versus SNR for L = 4 using 4-QAM 

scheme over          fading channel, at SNR of 2dB, 

BER values obtained are           ,            

and            k = 0, 5, and 10 respectively, while at 

SNR of 15dB,            , 6           and 

2          are obtained respectively. This shows that 

as K increases, the BER reduces and therefore, the 

performance improves with higher values of „k‟. Fig. 4 

presents the BER versus SNR using BPSK, QPSK and 

16-PSK signaling schemes over           fading channel 

at different values of „L‟ for k = 0. From Fig. 4 the BER 

values obtained at SNR of 3 dB with two paths (L = 2) 

are          ,         and          for BPSK, 

QPSK and 16-PSK respectively, while         , 

          and            are obtained at SNR of 

15 dB respectively. Also for L = 4, at SNR of 3 dB, BER 

obtained are        ,           and            

for BPSK, QPSK and 16-PSK respectively. This shows 

that as the constellation increases, the BER values 

decreases as „L‟ increases showing the advantage of 

combining nature of the paths. Fig. 5 depicts the BER 

versus SNR with EGC over          fading channel 

using BPSK at k = 0, 5, 10. At SNR of -10 dB, BER 

values of 0.01692 and 0.000239 are obtained for k = 0 

and k = 10, respectively, while BER decreases at higher 

„L‟. Fig. 6 presents the BER versus SNR using M-QAM 

schemes with MRC techniques. It can be confirmed that 

at SNR of 0 dB, with L = 2, 0.000115, 0.00074 and 

0.001366 are the BER values obtained for 4-QAM, 16-

QAM and 64-QAM, respectively at k = 0, while BER 

reduces at higher propagation path „L‟. Also, in Fig. 7, 

BER values are presented against SNR over           

fading channel with MRC at k = 0, 5, 10 for different 

paths. It can be deduced form the figure that at SNR of 5 

dB and L = 3, 0.00043 and 0.000262 are the BER values 

obtained at k = 0 and 10 respectively which improves as 

SNR increases. The result obtained are justifiable in that 

when the value of k = 0, it implies total obstruction of the 

LOS indicating Rayleigh fading which is the worst case 

channel. As „k‟ increases indicate appearance of LOS 

which reduces the BER value and therefore, the effects of 

fading. In terms of modulation schemes used, higher 

constellation means higher data rate which reduces the 

symbol period but invariably increases the Inter Symbol 

Interference (ISI) distortion. 
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Fig.1. AF versus Rician factor K (dB) over the combined Rayleigh and 
Rician fading channel 

 

Fig.2. Bit Error Rate of 4-QAM, 16-QAM and 64-QAM modulated 
signals versus SNR over EGC over Rayleigh and Rayleigh product 

fading channel (K = 0 dB) 

 

Fig.3. Bit Error Rate of 4-QAM modulated signal versus SNR over 

EGC over Rayleigh and Rician fading channel for different values k = 0, 
5 and 10 

 

 

Fig.4. Bit Error Rate of BPSK, QPSK and 16PSK modulated signal 
versus SNR over EGC in Rayleigh and Rayleigh product fading channel 

(K = 0) for different values of L 

 

Fig.5. Bit Error Rate of QPSK modulated signal versus SNR over EGC 

over Rayleigh and Rician product fading channel for different values of 
K and L 

 

Fig.6. Bit Error Rate of 4-QAM 16-QAM and 64-QAM modulated 
signal versus SNR over MRC in Rayleigh and Rician product fading 

channel (K = 0 dB) 
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Fig.7. Bit Error Rate of BPSK modulated signal versus SNR over MRC 

over Rayleigh and Rician product fading channel for different values of 
K and L 

 

V.  CONCLUSION 

An approximated MGF based models for EGC and 

MRC diversities over           fading channel has being 

developed using M-QAM and M-PSK signaling schemes. 

MGF channel models obtained are approximated using 

PA in           channel for EGC and MRC. Expression 

for performance metrics for M-QAM and M-PSK 

schemes have being derived at different Rician factor k 

and different propagation paths L. The technique is 

simulated using wireless standard parameter with 

MATLAB simulation software and evaluated using AF 

and BER expressions developed. The AF results obtained 

show that as Rician factor k increases AF reduces, but 

when k = 0 indicates worst case because it will result in 

Rayleigh and Rayleigh fading channel where there is 

total obstruction of the signal path. Also, lower 

constellation of the modulation schemes gives lower 

BER values than the higher constellation schemes due to 

their higher rate which increase the ISI. Therefore, an 

approximated MGF based models over          channel 

has been carried out using PA. The models developed is 

simple to solve with single integral and has being able to 

avoid multiple complex integrals of the PDF models. It 

has also been able to show that the MRC and EGC are 

effective technique in mitigating the adverse effect of 

multipath fading. 
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