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Abstract. In this paper macrodiversity system consisting of two microdiversity SC 

(Selection Combiner) receivers and one macrodiversity SC receiver are analyzed. 

Independent κ-μ fading and correlated slow Gamma fading are present at the inputs to 

the microdiversity SC receivers. For this system model, analytical expression for the 

probability density of the signal at the output of the macrodiversity receiver SC, and the 

output capacity of the macrodiversity SC receiver are calculated. The obtained results 

are graphically presented to show the impact of Rician κ factor, the shading severity of 

the channel c, the number of clusters µ and correlation coefficient ρ on the probability 

density of the signal at the output of the macrodiversity system and channel capacity at 

the output of the macrodiversity system. Based on the obtained results it is possible to 

analyze the real behavior of the macrodiversity system in the presence of  κ-μ fading. 
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1. INTRODUCTION 

Radio signals generally propagate according to three mechanisms; reflection, diffraction, 

and scattering. As a result of the above three mechanisms, radio propagation can be roughly 

characterized by three nearly independent phenomenon; path loss variation with distance, 

slow log-normal shadowing, and fast multipath fading. Each of these phenomenon is caused 

by a different underlying physical principle and each must be accounted for when designing 

and evaluating the performance of a cellular system [1]. 
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Fast fading is caused by spreading of signal in multiple directions. The interaction of the 

waves with objects that are between the transmitter and receiver (reflection, diffraction and 

dispersion) causes that at the input of the receiver will arrives a large number of copies of 

the sent signal. The environment through which the wave spreads can be linear and non-

linear. When the reflected waves are correlated with factor ρ, the environment is non-linear 

[1], [2]. 

Slow fading occurs due to the shadow effect. Various objects between the transmitter 

and the receiver can form the shadow effect [3]. In most cases, the slow fading is correlated. 

The signal envelope is variable due to the fast fading, and the power of signal envelope is 

variable due to the slow fading [4], [5].  

The statistical behavior of signals in such systems can be described by different 

distributions: by Rayleigh, Rician, Nakagami-m, Weibull or κ-μ [2], [6], [7]. κ-μ distribution 

can be used to describe the variation of the signal envelope in linear environments where it is 

a dominant component. There are several clusters in the propagation environment and the 

strength of components in phase and quadrature are equal. κ-μ distribution has two 

parameters. The parameter κ is Rician factor and it is equal to the quotient of the power of 

dominant component and the power of linear component [8]. Parameter μ is related to the 

number of clusters in propagation environment. κ-μ distribution is basic distribution, while 

other distributions can be obtained from it as special cases [9], [10].  

A variety of diversity techniques are used to reduce the impact of fast fading and slow 

fading on system performances. Diversity techniques of more replicas of the same information 

signal are combined. The most commonly used diversity techniques are MRC (maximum 

ratio combining), EGC (equal gain combining) and SC (selection combining) [1], [9]. SC 

diversity receiver is easy for practical realization because the processing is done only on one 

diversity branch. SC receiver uses the branch with the highest signal-to-noise ratio for next 

processing of signal [11]. If the noise power is the same in all branches of SC receiver, then 

SC receiver separates the branch with the strongest signal [6]. Performances of SC receiver 

are worse than performances of MRC and EGC receivers. At the SC receiver, it is relatively 

easy to determine probability density and cumulative probability of the signal at the output 

from the receiver. 

The most commonly used are spatial diversity techniques. Spatial diversity techniques 

are realized with multiple antennas placed on a receiver. By using spatial diversity 

technique it increases the reliability of the system and the channel capacity without the 

increase of transmitter power and the expansion of the frequency range. There are more 

combining spatial diversity techniques that can be used to reduce the influence of fading 

and co-channel interference on the performance of the system. With regard to analytical 

methods, for the channel capacity we used the well-known Meijer G-function [12]. It is 

also shown how with the change of some parameters we influence on the change of the 

channel capacity.  

There are two types of channel capacity: the Shannon capacity and the capacity with 

outage. Shannon capacity is the maximum data rate that can be sent over the radio channel 

with asymptotically small error probability, so is also called the ergodic capacity. Capacity 

with outage is the maximum data rate that can be transmitted over a channel with some 

outage probability that is the percentage of data that can not be received correctly due to the 

deep fading  [13], [14], [15], [16], [17]. 

In many papers [18], [19], [20], [21], statistical characteristics of the signal for 

macrodiversity systems are presented. For the considered system results have not been 
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presented yet. Based on the results obtained in this paper, it is possible to optimize the 

parameters of the wireless system and the emission power of the signal. Using the results 

obtained, it is possible to predict the behavior of various system implementations for 

various mobile transmission scenarios and in various propagation environments, which 

enables mobile system designers to make rational system solutions for the desired system 

performance.  

2. SYSTEM MODEL 

In this paper we discuss the macrodiversity system with macrodiversity SC (selection 

combining) receiver and two microdiversity SC receivers. Independent κ-μ fading and 

slow Gamma fading are at the inputs of the microdiversity SC receivers. The slow fading 

is correlated. The correlation coefficient decreases with increase of the distance between 

the antennas. 

Microdiversity SC receiver reduces the impact of fast fading on system performance, 

while macrodiversity SC receiver reduces the impact of slow fading on system 

performance. Macro system that are discussed here can be used in a single cell of a 

cellular mobile radio system. Microdiversity receivers are installed on the base stations 

serving to mobile users in a single cell. Macrodiversity system uses signals from multiple 

base stations positioned in a single cell or two or more cells. 

The system which is discussed is shown in Figure 1.  

 

Fig. 1 Macrodiversity system with one macrodiversity  

SC receiver and two microdiversity SC receivers. 

The signals at the input to the first SC microdiversity receiver are marked with x11 and x12, 

and with x1 at the output. The signals at the input to the other SC microdiversity receiver are 

marked with x21 and x22, and with x2 at the output. Signal at the output of the macrodiversity 

system is marked with x. Power of signals at the input to the microdiversity receivers are 

marked with Ω1 and Ω2. The signal at the output of the macrodiversity SC receiver x is equal 

to the signal at the output of that microdiversity SC receiver whose power is greater than the 

power of signal at the input of other microdiversity SC receiver [2].  
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3. THE PROBABILITY DENSITY OF THE SIGNAL 

The probability density of κ-μ signal x1 and first microdiversity SC receiver is given 

by [22]: 
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The probability density of κ-μ signal x2 and second microdiversity SC receiver is 

given by [22]: 
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The parameter μ represents the number of clusters through which the signal is 

extended, κ Rician factor, Ω1 and Ω2 are average power of signals at the output of the first 

and second microdiversity system respectively, In(·) modified Bessel function of the first 

kind and n type [23]. After using the series for Bessel functions, the term of probability 

density x1i becomes 
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where Г(·) denotes the Gamma function, and x1i represent signals envelopes at the input 

of first microdiversity SC receiver and x1 represents signal envelope at the output of first 

SC receiver [23]. 

In a similar way we get the probability density of the signal at the input to another 

microdiversity SC receiver: 
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The cumulative probability of x1i, i=1,2 is 
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After solving the integral by the use of [23], we have the expression for the 

cumulative probability of the signal at the input to the first microdiversity SC receiver: 
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where γ(·) represents the lower incomplete Gamma function [23]. By applying the 

procedure for obtaining the cumulative probability of the signal at the input to the first 

microdiversity SC receiver, the cumulative probability x2i of the signal at the input to the 

second microdiversity SC receiver can also be obtained. The probability density of the 

signal at the output of the first microdiversity SC receiver is 
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where px1i is given by (3), while Fx1i is given by (6). After the replacement of (3) and (6) 

into (7) we have 
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The probability density of the signal at the output of the second microdiversity SC 

receiver is 
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Probability density of the signal at the output of macrodiversity SC receiver is equal to 

the probability density of the signal at the output of that microdiversity SC receiver 

whose power at the input is greater than the power of the signal at the input to the two 

other microdiversity SC receivers [23]. Based on this, the probability density of the signal 

at the output of the microdiversity SC receiver is equal to 
1
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where px(x/Ω1), px(x/Ω2) are given by (8) and (9), respectively. Joint probability density 

power Ω1, Ω2 is given by [6]: 
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where c is shadowing severity. 

Integral I1 is equal to 
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By the use of the method for calculating the integral I1 (Appendix A, expressions A1, 

A2 and A3), the integral I2 is also solved: 
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4. CHANNEL CAPACITY OF MACRODIVERSITY 

After we got the expression for the joint probability density, we can calculate channel 

capacity at the output of the macrodiversity system shown in Figure 1. The maximum 

data rate can be achieved after the channel has experienced all possible fading states 

during a sufficiently long transmitting time, which can be expressed as follows in the unit 

of bits per second, where B denotes channel bandwidth expressed in Hz [24], [25]: 
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Substituting the expression for the joint probability density in the expression for the 

channel capacity, we get: 
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In order to make the integral solution from expression (15) simpler, firstly, in front of 

the integrals we can get all the constants, ie, everything that does not solve the integral. 

Secondly, we can show the logarithmic function through Meijer G-function (Appendix B, 

expression B1) as well as Bessel function (Appendix B, expressions B2 and B3), with the 

aim to get more convenient and simpler expression for resolution. The general form of 

our expression for the channel capacity would be: 
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where R represents a constant, or an expression in front of the integral, r represents the 

argument of degree variable by which the expression is solved and v represents the 

argument of Bessel function.  

Replacing (B5) into (B4), we get the expression for the solution of channel capacity at 

the output of the macrodiversity system: 
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(17) 

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, how increases the 

correlation coefficient increases the number of terms to be summed in order to achieve 

accuracy at the 4th significant digit. For higher values of parameter c, smaller number of 

terms to achieve accuracy at the 4th significant digit is required [2], [26]. 
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Table 1 Terms need to be summed in the expression for cumulative distribution function 

to achieve accuracy at the significant digit presented in the brackets. 

x=1, k=1, 

Ω0=1 

c=1 

(4th) 

c=1.5 

(4th) 

c=2 

(4th) 

Ρ=0.2 148 132 118 

Ρ=0.4 152 138 121 

Ρ=0.6 154 140 125 

Ρ=0.8 155 141 126 

5. NUMERICAL RESULTS 

By using (12) and (13), in Figure 2 we show the change of the probability density of 

the signal x at the output of the macrodiversity system for different number of clusters μ 

through which the signal extends. Medium powers of signal are Ω0 = 1, the correlation 

coefficient ρ = 0.5, shadowing severity c = 1.5 and Rician factor κ=1. In the figure we 

can see that the highest value of the probability density for value parameter μ. With the 

decrease of μ number of clusters, decrease in the probability density of the signal is 

slower. In the figure we can see that maximum values of the probability density for 

higher values of parameter μ. With the decrease of μ number of clusters, decrease in the 

probability density of the signal is slower. 

Also, by using (12) and (13), in Figure 3 we show the probability density of the signal 

x at the output of macrodiversity system for different values of Rician κ factor and μ 

number of clusters. Medium power of signals are Ω0= 1, the correlation coefficient ρ = 

0.5, and the channel shadowing severity c = 1.5. For higher values of parameter κ and μ 

are obtained more extreme of the probability density and its faster decrease. 

 

Fig. 2 The probability density of the signal at the output of macrodiversity  

SC receiver for different values of μ number of clusters. 
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By using (17), in Figure 4 we show the channel capacity depending on the correlation 

coefficient at the output of macrodiversity system for various numbers of cluster μ and the 

channel shadowing severity c. Medium powers of signal are Ω0 = 1, and Rician factor κ=1. 

We can see in the figure that the channel capacity decreases with the correlation coefficient 

at the output of macrodiversity system. For lower values of the correlation coefficient, the 

highest capacity channel is obtained for higher values of μ number of clusters and the 

channel shadowing severity c, but channel capacity faster decreases for the same values 

than for lower values of μ number of clusters and the channel shadowing severity c. 

For lower values of the correlation coefficient, the highest capacity channel is obtained 

for higher values of μ number of clusters and the channel shadowing severity c, but channel 

capacity faster decreases for the same values than for lower values of μ number of clusters 

and the channel shadowing severity c. 

Figure 5 gives the graphic view of the channel capacity at the output of the macrodiversity 

system depending on Rician κ factor for different values of μ number of cluster. Medium 

powers of the signal are Ω0= 1, the channel shadowing severity c = 1. Channel capacity at 

the output of macrodiversity system decreases with the increase of Rician κ factor 

especially in his lower values, while for higher values the mean number of axial cross 

sections is constant and approximately equal, regardless of the number of clusters. Channel 

capacity faster decreases for lower values of the number of clusters. 

 

Fig. 3 The probability density of the signal at the output of macrodiversity SC receiver 

for different values of Rician κ factor and μ number of clusters. 
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Fig. 4 Channel capacity per unit bandwidth at the output of the macrodiversity  

SC receiver for different values of the channel shadowing severity  

c and μ number of clusters. 

 

 

Fig. 5 Channel capacity per unit bandwidth at the output of macrodiversity system 

depending on the Rician κ factor. 
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6. CONCLUSION 

In this paper we discussed the diversity system with two microdiversity SC receivers 

and one macrodiversity SC receiver. At the inputs to microdiversity SC receivers there is 

an independent κ-μ fading and correlated slow Gamma fading. Microdiversity SC 

receiver reduces the impact of fast fading on system performances, while macrodiversity 

SC receiver reduces the impact of slow fading on system performances. 

For this system, the probability density function and channel capacity at the output 

from the macrodiversity system are calculated. The probability density of the signal is 

important statistical characteristic through which we calculate other statistical characteristics 

of the first and the second order. When the parameter μ decreases, acuity fading influence 

increases, but when the parameter μ increases, acuity fading influence decreases. When 

the acuity fading influence increases, system performances deteriorate. Greater acuity 

fading influence occurs when Rician κ factor is smaller. 

For lower values of the correlation coefficient, the highest channel capacity is 

obtained for higher values of μ number of clusters and the channel shadowing severity c. 

Channel capacity at the output of macrodiversity system decreases with the increase of 

Rician κ factor especially in his lower values, while for higher values the mean number of 

axial cross-sections is constant and approximately equal, regardless of the number of 

clusters. The analysis presented in this paper has a high level of generality and applicability, 

due to the fact that the modeling of propagation scenarios performed using κ-μ model, 

which within itself, as a special case involves a large number of known signal propagation 

model (Nakagami-m, Rayleigh, Rician etc…). 

APPENDIX A 

After using [21] for solving the second integral in (12), I1 becomes: 
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After the development of Gamma function 

0

1 !
( , )

( )!

n x i

i

n
n x x e x

n n i






 


                                    (A2) 

And by the use of [21] we have 
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where Kn(x) is modified Bessel's function of the second kind, order n and argument x 

[21]. Infinite-series from above rapidly converge with only few terms needed to achieve 

accuracy at 5th significant digit. 

APPENDIX B 

By applying from [27] we have: 
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And by applying the formula (8.4.23/1) from [24] we have: 
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specifically for our case the application of (20) would be:  
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After replacing (B1) and (B3) into (15) and after arrangement, we get the expression: 
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Integral of (B4) is solved by applying the formula (2.24.1/1) from [24]. We get that 

the integral is equal to: 
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