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Abstract – Small-scale fading describes rapid 

fluctuations in signal strength over a small distance. In 
this paper, small scale fading is modeled with method of 
finite number waves without dominant one. Statistical 
test of Central-Limit Theorem is done on that model. 
Results show the impact of number of waves in model, 
and how they approximately fulfill terms of         
Central-Limit Theorem. From distributions of real and 
imaginary part of electrical field, distribution of 
magnitude is calculated, and it is shown how magnitude 
follows a Rayleigh distribution. 

 

I. INTRODUCTION 

In real life macrocell situation, it is too complicated to 

describe all reflections, diffractions and scattering 

processes that determine the different multipath 

components [1]. Rather than solving Maxwell equations, 

which is difficult without some measurements, probability 

is usually used to describe channel parameters. In its     

path between transmitting and receiving antenna, 

electromagnetic wave encounters on numerous interacting 

objects. On the reception we get a signal which is the sum 

of several waves which traveled in different paths from the 

transmitting antenna. There are two different situations. In 

one situation there exists a dominant component, and that 

situation is modeled with Rice distribution. In other case 

there isn’t a dominant component and that situation is 

modeled with Rayleigh distribution [2],[3]. 

The literature about wireless communications usually 

states that large number of multipath components fulfill 

terms of Central-Limit Theorem [3]. Sometimes there is a 

some concrete number of multipath components (between 

6 and 8) and an explanation that terms of Central-Limit 

Theorem are fulfilled for that number of multipath 

components. [1],[2].   

 

II. STATISTICS TESTS 

It is essential to know the statistics of the fieldstrength 

on the reception for fading margin calculations. Without 

that knowledge you cannot predict signal variations, and 

thus you cannot efficiently model the system. 

 Statistical hypothesis test is a method of making 

statistical decisions using experimental data. Some 

statistics tests are: Chi-squared test, Kolmogorov-Smirnov 

test, Kurtosis etc. 

In this paper we test distributions of Re{E} and Im{E} 

on the reception. From theoretical considerations it has to 

be a Normal distribution, so we use a Kurtosis test. 

Kurtosis test is a measurement of nongaussianity of the 

sampled data. It is defined as a normalized form of the 

fourth central moment µ4 of a distribution: 
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where µ2 is variance of the data, and βi is test for an i 

number of multipath components. For a Normal 

distribution Kurtosis test gives 3 as a result. Random 

variables with Kurtosis test beneath 3 are called 

subgaussian, and those with Kurtosis test over 3 are called 

supergaussian.  

For Rayleigh distribution, Kurtosis test gives: 
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as a result, so Rayleigh distribution is a supergaussian 

distribution. 

 

III. MODEL WITH FINITE NUMBER OF WAVES 

In this model we consider a mobile channel with several 

interacting objects, on which electromagnetic wave is 

scattered, diffracted and refracted on his path to the 

receiver. Interacting objects are distributed uniformly 

around the receiving area, and transmitter and receiver are 

sufficiently far away so waves on the reception are plane 

waves. In streets, beneath trees, and large buildings, waves 

can come from every possible angle, so, on the reception, 

waves have random angle of incidence. In macrocell 

model, paths between transmitter and receiver are 

differently long so phases of incoming waves are also 

uniformly distributed. On different paths, wave encounters 

numerous interacting objects with different strength, and 

its amplitude on the reception is also random [1]. Because 

interacting objects are uniformly distributed around 

receiver, and receiver is in the street between large 



buildings and trees, it does not see the transmitter. That 

situation is called Non-Line-of-Sight situation and in that 

situation there is not a dominant multipath component. 

On Fig. 1, there is a model of described situation. 

Receiver does not have Line-of-Sight with transmitter and 

different multipath components have different propagation 

conditions (different path loss, angle of incidence and 

phase). 
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Fig. 1. Geometry of Non-Line-of-Sight model 

 

 

Electromagnetic wave is a function which satisfies 

complex scalar wave equation  (Helmholtz equation [4]): 
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where E is the wave function,  k is the wavenumber: 
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where λ is the wavelength of a wave which satisfies the 

wave equation [4]. 

Solution of the wave equation is a wave with two space 

variables. We represent that wave in complex baseband 

notation. 
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where A is the amplitude of electromagnetic wave, k is the 

wave number, ϕ is the angle of incidence and φ is the 

phase of incoming electromagnetic wave. 

On the reception, we superimpose incoming waves in 

the complex baseband notation. N is the number of 

multipath components. 
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On the Figure 2, there is the magnitude of superposition of 

7 incoming waves on the reception in square dimensions 

4λ by 4λ, where λ is the wavelength of the incoming wave. 

Samples are taken on each λ/10, so on 4λ by 4λ square 

there are 1600 samples.  

 

 

 
Fig. 2. Superposition of incoming waves on reception 

 

We can see that different amplitudes, angles of 

incidence and phases of different multipath components 

result in constructive and destructive interference on the 

reception. 

From the vector sum of multipath components, we can 

take statistics of the field strength. 

 

Complex baseband notation can be written in terms of 

its in-phase and quadrature component: 
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where I=Re{E} is the in-phase component and Q=Im{E}  

is the quadrature component [5].  They arise as a sum of 

several random variables without the dominant one. 

 As we can see, Probability Density Function (PDF) of 

amplitudes for values of Re{E} and Im{E} (for 7 multipath 

components) approximately follows a zero mean normal 

distribution. Because there isn’t a dominant component, 

PDF of amplitudes has zero mean. It is a consequence of a 

Central-Limit Theorem. On the reception, we have a 

superposition of N statistically independent multipath 

components without the dominant one, so sum approaches 

a Normal distribution for a large N [6]. 

 

 

 
Fig. 3. PDF of the Re{E} for 7 components 



 
Fig. 4. PDF of the Im{E} for 7 components 

 

 

In our case, terms for Central-Limit Theorem are 

fulfilled approximately. We have a finite number of waves, 

none of which is dominant, and they have random angles 

of incidence and random phases.  

From in-phase and quadrature notation, we can derive 

magnitude of the electrical field: 

 

2 2E I Q                                  (8) 

 

Because real and imaginary part of E are modeled with 

the zero-mean Normal distribution, magnitude of the 

electromagnetic field is modeled with the Rayleigh 

distribution [7]: 

 

2

2 2
( ) exp   for 0  

2
r

r r
pdf r r

 

 
     

 
  (9) 

 

where σ
2 
denotes the variance of the Rayleigh distribution. 

For r < 0, PDF of Rayleigh distribution is 0 because 

magnitude is always a positive number. 

 

IV. TESTING THE APPROXIMATION 

In our testing, we modeled previously described 

situation.  We generate random numbers with uniform 

distribution of amplitudes, phases and angles of incidence, 

which represent waves on the reception. 

 

TABLE I 

KURTOSIS TEST 

 

N 
Kurtosis for 

Re{E} 
Kurtosis for 

Im{E} 
Kurtosis 

for|E| 

2 1,91737 1,90807 1,68781 

4 2,32537 2,31291 2,13426 

6 2,50976 2,50777 2,41366 

8 2,59712 2,60151 2,50872 

10 2,64471 2,62756 2,63653 

12 2,67821 2,69962 2,70827 

14 2,72622 2,70345 2,77392 

16 2,72148 2,74114 2,78865 

18 2,75732 2,76506 2,84493 

 

Waves are summarized on the square 4λ by 4λ, and 

samples are taken on every λ/10 which results in 1600 

samples in one experiment. Experiment is repeated for 100 

times. The results are averaged on each sample of that 

square on the reception. 

In our model, the mobile station does not move, channel 

is conditionally stationary and amplitude of the incoming 

wave is constant on the distance of 4λ. 

 

 

 
Fig. 5. Kurtosis test ofthe Re{E} 

 

 

 
Fig. 6. Kurtosis test of the Im{E} 

 

 

     As we said before, magnitude is Euclidian sum of 

Re{E} and Im{E}, so from Kurtosis tests on that 

components we can make Kurtosis test on magnitude.  For 

Rayleigh distribution Kurtosis test is equal to the (2). 

 

 
Fig. 7. Kurtosis test of the Magnitude  

 

    In Fig.8. there is the difference in Kurtosis test of the 

magnitude on the reception. From Kurtosis test for N  

components is subtracted a Kurtosis test for N-1 



components. After 6 multipath components, the difference 

in Kurtosis test for each additional component is smaller 

than 0,1.  

 

 
Fig.  8. Difference in Kurtosis test for |E| 

 

 

From this test, we calculate distributions for 8 multipath 

components and, from their histogram, we derive mean 

and variance and then calculate PDF of Normal 

distribution with that parameters.  

From Re{E} and Im{E} we can calculate |E| and then 

form a theoretical distribution with mean and variance 

calculated from that data. On Fig. 9, 10, and 11, there are 

the PDFs of Re{E}, Im{E} and |E| on the reception for 9 

multipath components. 

 

 

 
Fig. 9. PDF of the the Re{E} for 9 multipath 

components 

 

 

Fig. 10. PDF of the Im{E} for 9 multipath         

components 

 
Fig. 11. PDF of the |E| for 9 multipath components 

 

 

V. CONCLUSION 

From our results, it can be seen that for larger number of 

waves, histogram of Re{E} and Im{E} is closer to the 

Normal distribution in terms of Kurtosis test. Number of 

multipath components larger than 8 gives us very small 

difference in the Kurtosis test so it is unnecessary to 

calculate with more than 8 components for in-phase and 

quadrature components. From their distribution, we can 

calculate distribution of magnitude and Kurtosis test of 

magnitude. Although tests for in-phase and quadrature 

components gives us very small differences for number of 

multipath components larger than 8, test for magnitude 

tends to increase for each additional multipath component, 

but increase are smaller than 0.1 after the 6 components.  

In future work we will make a model in which a mobile 

station will not be stationary, and then calculate Doppler 

effect. Also, we will take other statistical tests to calculate 

distributions from data. 
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