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Abstract— These days, computer simulation is increasingly 

being used for design and performance evaluation of 

communication systems. When simulating a mobile wireless 

channel for communication systems, it is usually assumed that 

the fading process is a random variety with Rayleigh 

distribution. In this paper, we have tried to understand 

Rayleigh Fading (which best describes the scenario in an 

urban or macro cell environment) better by comparing Jakes 

and Dent models and observing the changes that are caused by 

varying different parameters. Furthermore, BER analysis of a 

Rayleigh Fading Process was also done to see the effects on 

the change of different parameters on the variance of BER 

with respect to the SNR. Also, the Rayleigh Fading Process 

was compared to the phenomenon of AWGN using this 

process. 

Key words: Fading, Rayleigh Fading, Jakes Method, Dent 

Method, BER Analysis 

I. INTRODUCTION 

In wireless communication, Fading is a variation of the 

attenuation (signal degradation) of a signal with various 

variables. Fading is due to multipath propagation and is 

sometimes referred to as multipath induced fading. Multipath 

is the propagation phenomenon that results in radio signals' 

reaching the receiving antenna by two or more paths. When 

simulating the wireless channel for mobile and macro cellular 

communications, it is usually assumed that the fading process 

is a Rayleigh fading process. The discrete samples of the 

Rayleigh fading process have a Rayleigh distribution and are 

correlated. For generating the Rayleigh fading coefficients, 

two different methods Such as Jakes and Dent methods are 

proposed .The Dent model, which is basically an improved 

version of Jakes method. We can also analysis of BER 

Analysis of the Rayleigh fading process and compare the 

differences in BER between Rayleigh Fading and AWGN. 

Further the comparison of Jakes and Dent processes in terms 

of the value of the MSE (Mean Square Error) obtained from 

the Autocorrelation and Cross-correlation of the signals. 

A. Practical Examples of Small Scale Multipath Fading 

Common examples of multipath fading are Temporary failure 

of communication due to a severe drop in the channel signal 

to noise ratio. FM radio transmission experiencing 

intermittent loss of broadcast when away from station 

II. CAUSES OF FADING 

Causes of Fading 

 Doppler Shift 

 Reflection 

 Refraction 

 Diffraction 

 Scattering 

A. Doppler Shift 

The change in the apparent frequency of a wave as an 

observer and source move toward or away each other. Let us 

consider a situation where a mobile is moving at a constant 

velocity v along a path and the source is moving at a velocity 

of vs. The observed frequency f’ and the emitted frequency f 

will be related by the following equation: 

𝑓′ = (
𝑣

𝑣±𝑣𝑠
)  (1) 

B. Reflection 

Reflection is the change in direction of a wave front at an 

interface between two different media so that the wave front 

returns into medium from which it originated. Reflection 

occurs when a propagating electromagnetic wave impinges 

upon an object which has very large dimensions when 

compared to the wavelength of the propagating wave. 

C. Refraction 

A change of direction that light under goes when it enters a 

medium with a different density from the one through which 

it has been travelling. 

D. Diffraction 

It is defined as bending of propagating wave around the 

corner of the obstacle. Diffraction occurs when the radio path 

between the transmitter and receiver is obstructed by a 

surface that has sharp irregularities (edges). 

E. Scattering 

A change in the direction of motion of a particle because of 

collision with another particle. Scattered waves are produced 

by rough surfaces, small objects, or by other irregularities in 

the channel. 

III. BER (BIT ERROR RATE) ANALYSIS 

A. BER 

BER is defined as the ratio of number of error bits to the total 

number of transmitted bits. BER is defined as the rate at 

which errors occur in a transmission system. It can be given 

as, 

𝐵𝐸𝑅 =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑖𝑡𝑠  𝑖𝑛 𝑒𝑟𝑟𝑜𝑟 

𝑡𝑜𝑡𝑎𝑙  𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑖𝑡𝑠 𝑠𝑒𝑛𝑡
  (2) 

1) Varying the Diversity Order 

Diversity means the number of independently fading 

propagation paths or frequencies used in diversity reception. 

When the diversity order was increased, it was seen that the 

BER decreases faster with increasing SNR (Signal to Noise 

Ratio). 
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Fig. 1: BER analysis with different order of diversity 

2) Varying the Modulation Order 

Modulation Order essentially means the number of bits that 

can be transmitted in the same signal. So a Modulation Order 

of 16 means that 16 bits of data can be transmitted in the same 

frequency. That is likely to lead to higher error rates. 

3) Varying Modulation Type 

 
Fig. 2: BER analysis with different types of modulation 

There are different modulation types are available but we 

consider PSK, DPSK, FSK. The Modulation Type was varied 

next, keeping the other parameters fixed. . It was seen that the 

values of BER for PSK (Phase Shift Keying) is less than that 

of DPSK (Differential Phase Shift keying) which is less than 

FSK (Frequency Shift Keying). PSK essentially means BPSK 

(Binary Phase Shift Keying) which is the simplest form of 

PSK using 180 degrees Phase Shift. BPSK modulates at 1 bit 

per symbol which reduces the chance of producing errors. 

4) BER comparison between Rayleigh Fading and AWGN 

a) AWGN 

Most types of noise present in radio communication systems 

can be modelled accurately using Additive White Gaussian 

Noise (AWGN). This noise has a uniform spectral density & 

a Gaussian distribution in amplitude. Thermal & electrical 

noise from amplification, primarily have white Gaussian 

noise properties, allowing them to be modelled accurately 

with AWGN. 

 
Fig. 3: Signal with AWGN Noise Rayleigh fading 

When information is transmitted in an environment 

with obstacles (Non Line-of-sight - NLOS), more than one 

transmission paths will appear as result of the reflection(s). a 

large number of transmission paths may be modelled as 

statistically independent; the central limit theorem will give 

the channel the statistical characteristics of a Rayleigh 

Distribution. 

 
Fig. 4: Rayleigh distribution 

 
Fig. 5: BER analysis AWGN and Rayleigh fading 

AWGN (Additive White Gaussian Noise) channel 

model is one in which the only impairment is the linear 

addition of wideband or white noise with a constant spectral 

density. A comparison was done between AWGN and 

Rayleigh Fading in terms of the BER. Initially, when the SNR 

is zero, the corresponding values of BER for Rayleigh Fading 

and AWGN are same. With increasing SNR, the gap between 

Rayleigh and AWGN gradually keeps increasing. 

IV. DIFFERENT RAYLEIGH FADING MODELS 

A. Rayleigh Fading Model 

Rayleigh fading is primarily caused by multipath reception. 

Rayleigh fading is a statistical model for the effect of a 

propagation environment on a radio signal. It is a reasonable 

model for tropospheric and ionosphere signal propagation as 

well as the effect of heavily built-up urban environments on 

radio signals. Rayleigh fading is most applicable when there 

is no line of sight between the transmitter and receiver. In a 

wireless system, a signal transmitted into the channel 

interacts with the environment in a very complex way, 

bouncing off various surfaces along the way to the receiver. 

There are reflections from large objects, diffraction of 

electromagnetic waves around objects. The result of these 

complex interactions is the presence of many signal 

components, or multipath signals, at the receiver. In addition 

to this, if the transmitter, receiver or the objects in the path of 

the signal are in motion, Doppler shift is introduced. As a 

result of these two phenomenon, the received signal is time 

varying and may be highly attenuated. This is a major 

impairment in a wireless communication system. At any 

given time instance, a number of plane waves will be incident 
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on the mobile antenna. Assuming that the career frequency is 

fc, and the mobile station is moving at a velocity of v, if the 

nth wave is incident on the mobile antenna at an angle of ) 

(Tnθ relative to the direction of motion of the mobile, the 

Doppler shift introduced in the incident wave is given by 

fD.n(t) = fd cos θ      (3) 

Where fd=v/fc and c is the wavelength of the 

transmitted signal. If the transmitted Signal s(t) is given by 

Re = {u(t)ej2fct}                    (4) 

Where u(t) is the complex low pass signal, v(t), the 

received complex low pass signal is given by 

v(t) = ∑ αn(t)e−2π[(fc+fD,n(t))τn(t)−fD,n(t)t]u(t − τn(t))
N0
n=1  

(5) 

Where N is the total number of incident waves and 

αn(t) and τn(t) are the amplitude and time delay. 

1) Algorithm: Rayleigh Fading Channel 

a) Step 1: Variable Declaration 

V: Input Velocity in miles/sec. 

P: Input number of paths 

T: Time array 

Λ: Carrier frequency 

η: Sampling frequency 

ω: Radian frequency 

δ: Data frequency 

τ: Sampling periods 

θ: Received Rayleigh signals 

ρ: Threshold power 

δ: Threshold outage 

σ: Weibull distributiob function 

E: Rayleigh envelop 

b) Step 2: Sending of Data through Rayleigh Channel 

Θ = Make an array of zeros [T] 

FOR I: = 1: P 

Calculates the value of δ; 

δ = 2*pi*V*Λ*cos (for uniform random distribution); 

Find the value of σ;  

θ = θ + σ*cos (Λ+η)*T + value of uniform random 

distribution;  

END; 

c) Step 3: Making Envelop of received Rayleigh Signal 

Performing Quadrature amplitude demodulation for signals; 

E = sqrt (θi^2 + θq^2); 

d) Step 4: Computation of Outage probability 

FOR X:= 1:P      

 Calculate the value of ρ;      

 Calculate the value of δ; 

count = 0;         

 FOR Y = 1:length(E)      

  power = power in decibel;     

  IF power <= ρ   

  count++       

  ELSE        

  END;       

 END; 

Find the simulated outage probability; 

END; 

There are two different models are consider in 

Rayleigh fading model i.e. 

 Jakes model 

 Dent model 

1) Jakes model: The Jakes fading model, also known as the 

Sum of Sinusoids model, is a deterministic method for 

simulating time-correlated Rayleigh fading waveforms 

and is still widely used. 

 
Fig. 6: Jakes fading model with N=10 

The model assumes that N equal-strength rays arrive 

at a moving receiver with uniformly distributed arrival angles 

αn, such that ray n experiences a Doppler shift ωn = ωm cos 

(αn), where ωm =2πfv/c is the maximum Doppler frequency 

shift, v is the vehicle speed, f is the carrier frequency, and c 

is the speed of light. 

 𝑇𝑘(𝑡) = √
1

2𝑁0+1
{2 ∑ (cos 𝛽𝑛 +

𝑁0
𝑛−1

𝑗 sin 𝛽𝑛)   cos(𝜔𝑛 cos 𝛼𝑛𝑡 + 𝜃𝑛𝑘) + √2 cos(𝜔𝑚𝑡 + 𝜃0𝑘)} 

(6) 

Where, k is the waveform index=1, 2,….N0  λ is the 

wavelength of the transmitted carrier frequency and βn = 

πn/(N0+1) 

2) Dent Model: This is the upgradition of Jakes method. 

The Dent Model over comes the shortcoming in the 

correlation functions. Dent suggested the usage of one 

type of orthogonal functions (Walsh Hadamard Code). 

To completely eliminate correlation, the oscillators must 

have equal power. This is achieved by reformulating the 

Jakes model in terms of slightly different arrival angles. 

 
Fig. 7: Dent fading model with N=12 

Using αn=(2πn/Ν)–(π/Ν) and βn=(πn/Ν0), the 

waveform can be described by the following equation: 

 Tk(t) =

√
2

N0
∑ Ak(n)(cos βn + j sin βn) cos(ωm cos αn. t + θn)N0

n=1  

(7) 

Where k=1,2…N0, N0=N/4, αn , βn and θn are the 

independent random phases, each of which is uniformly 

distributed in [0, 2π). 

V. COMPARISON OF DIFFERENT MODELS 

To compare between the different models used to describe 

Rayleigh Fading, the Mean Square Errors of the 

Autocorrelation and Cross-correlation has been chosen. 

A. Using Mean-Square Error of the Auto Correlation 

The autocorrelation functions R(τ) of in-phase and quadrature 

components should be close to their theoretical Bessel 

function (J0(ωmτ))=2. So the quality of the fade’s 

autocorrelation function can be measured by the mean-

square-error defined by 

𝜀2 =
∑ (𝑅(𝑖 𝑓𝑠⁄ ))−(𝐽0(𝜔𝑚𝑖 𝑓𝑠⁄ ) 2⁄ )𝑁−1

𝑖=0

2

𝑁
  (8) 

Where N denotes the time interval over which the 

mean-square-error is evaluated, and we choose N=1000. 
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Table 1: Auto correlations of two models 

B. Using Mean-Square Errors of the Cross-correlation 

The cross-correlation functions R(τ) between in-phase and 

quadrature components of any single fader (intra-fader) 

should be close to zero, as also should the cross-correlation 

functions between any pair of different faders (inter-fader). 

𝜀2 =
∑ (𝑅(𝑖 𝑓𝑠⁄ ))

2𝑁−1
𝑖=0

𝑁
  (9) 

 
Table 2: Cross correlation of  two models 

In general, the results obtained from the 

autocorrelation and the cross-correlation results indicate good 

model performance for the Dent model compared to the Jakes 

Model. 

VI. SIMULATION RESULTS 

 
Fig. 8: Simulation of Jakes and Dent Fading model with 

v=50km/h 

In Rayleigh fading model while increasing the speed, the 

level of fluctuations also increases. While compared to Jakes 

method, the dent method has low power fluctuations because 

of oscillator have equal power 

 
Fig. 9: Simulation of Jakes and Dent Fading model with 

fc=3000MHz 

In Rayleigh fading model while increasing the 

central carrier frequency, the level of fluctuations also 

increases. 

 
Fig. 10: Simulation of Jakes and Dent Fading model with 

M=1000 

In Rayleigh fading model, the higher the number of 

channels it is required to generate, higher will be the 

fluctuation in a given time period. 

VII. CONCLUSION 

In Rayleigh Fading Model two methods are described i.e. 

Jakes and Dent (which is basically an improvement of the 

Jakes Model) have very similar properties in terms of the 

physical parameters. But differences arose when the MSE 

(Mean-Square Error) was calculated for the Autocorrelation 

and Cross-correlation of the signals using the Jakes and Dent 

Methods. It was seen that the values of the MSE for the In-

phase Component and Quadrature Component were both 

lower for the Dent Method. Also, the MSE values for the 

Cross-correlation functions, both Intra-fader and Inter-fader, 

were lower for Dent compared to the Jakes Model. 
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