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ABSTRACT –  

When delivering a signal across a radio communication channel the fading is a serious issue. The fading is brought on by the transmitted signal's multipath 

propagation. Different signals might interfere with one another either beneficially or detrimentally. The wireless channels execution is deteriorated by fading. The 

different fading channels encounter different kinds of fading, Numerous fading model channels are suitable for various environmental kinds.  For small-scale fading 

models with Rayleigh and Nakagami components were examined. Therefore, it becomes crucial to counteract its influence to transmit the signal successfully. In 

this study, the effect of Fading is countered by using the equal gain combining diversity approach with BPSK for the Rayleigh channel. We put these strategies into 

practice by employing the most basic method and we have analysis for the EGC diversity technique by using both Rayleigh and Nakagami fading channels in our 

analysis to mitigate the signal reliability and streamline the impacts of multipath fading. 
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I. INTRODUCTION : 

In wireless communication, The Multiple propagation channels occur in an ordinary radio communication environment due to scattering caused by 

various obstacles between the transmitter and receiver. As a result, distinct signal versions following various pathways may experience varying 

attenuation, distortion, delays, and phase changes. At the receiver side, constructive and destructive interference could occur. The significant drop in 

signal strength is caused by destructive interference. This observable phenomenon is referred to as fading. We have examined how different fading models 

affect wireless communication's overall performance in this work. Research on the impact of fading models have been conducted on several wireless 

channels. We discover from the through simulation that the channels' performance is affected by fading models. We have calculated a range of QoS 

parameters using different fading models and have found that a Nakagami fading model provides good channel behavior.  

The remaining paper is presented as follows: we articulate various of work related to the various fading channel model in section II. In section III, we 

briefly analysis the various fading model used in this paper. Section IV consists of simulation setup and result analysis. In section V, the paper comes to 

an end.  

II.  RELATED WORKS : 

We have examined a few numbers of works that illustrate Rayleigh and Nakagamai fading models are applied in wireless communication channels. 

The author has clearly explained the multipath propagation effect-characterized wireless communication channel that can be represented by a Nakagami 

probability distribution [4]. In performance evaluations of wireless communication systems, such as cellular networks, satellite communications, and 

mobile networks, Nakagami fading is frequently employed. It facilitates the creation of durable systems that can manage a range of channel conditions. 

Author explore the fundamental performance of dual-branch EGC in correlated Nakagami-m fading channels and N-branch EGC in Nakagami-m fading 

channels, an MGF-based method has been presented. It represented the approximation of the mean grain size (MGF) in basic functions for the N-branch 

EGC scenario in Nakagami-m fading channels. Additionally, under the assumption that average SNR increases to infinity, they are computed precise 

asymptotic MGFs. It was established that the total of each unique Nakagami-m fading index determines the diversity order of EGC. We have analysed 

the special function for BPSK in our work, which is different from this study because the author used PSK modulation in this work [5]. In BPSK 

modulation A unique function for the low SNR value in BPSK modulation can improve wireless channel performance 

Because of reflection, refraction, and scattering, the wireless channel exhibits multipath fading. Rotation is used in modulation diversity, a bandwidth-

efficient diversity approach that interleaves the in-phase and quadrature components of a digital signal constellation. Its goal is to lessen fading's negative 
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impact on wireless communications. The study took into account a situation where several pathways are simulated together with the random multiplicative 

noise and delay that accompany them [6]. 

Bit error rate is the vital role for wireless communication, The number of bit mistakes divided by the total number of bits communicated during a certain 

period of time. It's a crucial indicator for assessing the dependability and efficiency of communication systems, such digital transmission networks. 

[1] This method for computing the shadowing effect, builds simulation and mathematical models for multipath fading and shadowing fading, and 

maximizes the use of the pathloss exponent. Additionally, OPNET, a simulation program, is used to build modelling and simulation in order to illustrate 

the aforementioned work. The influence of these impacts on IEEE802.11a/b/g wireless network throughputs and communication ranges is quantitatively 

demonstrated by simulation results. 

The author was clearly presented to addr0ess diversity strategies to address the multipath fading issue. Specifically, we considered three conditions: no 

diversity, maximal ratio combining, and orthogonal space-time block code (OSTBC). Its findings showed that the BER was reduced by the use of diversity 

techniques. The performance of a BPSK system has been examined for three distinct scenarios in this work [11]. the first involves no diversity strategy, 

the second involves the OSTBC diversity technique, and the third involves utilizing MATLAB to combine ratios as maximally as possible. 

[12] The author assesses the ideal diversity order for a class of coded multicarrier (MC) systems over Nakagami fading channels in order to minimize the 

bit error rate (BER) performance. The Gaussian approximation's evaluation of the BER performance serves as the basis for diversity order optimization. 

This can be accomplished by using the greatest diversity order that is available or by implementing an exclusive allocation mechanism in which users do 

not interfere with one another. 

This Author proposed the appropriate modification and application of two SNR estimators, previously developed for single carrier systems: the squared 

signal-to-noise variance estimator and the iterative SNR estimator, to an OFDM transceiver that complies with HiperLAN/2's physical layer [13]. In the 

additive white Gaussian noise (AWGN) channel, and compare how well they perform. Simulations demonstrated that low SNR values may nevertheless 

achieve accurate SNR estimates for both approaches. Examined is the effect of the channel estimating technique on the accuracy of the SNR estimation, 

which is utilized to enhance signal reception.  

III. TYPES of FADING : 

The Fading is the process by which a radio signal's intensity and quality change over time and space in wireless communication. Numerous elements, 

such as air conditions, multipath propagation, and object movement in the transmission path, can contribute to fading. The performance of wireless 

communication systems, especially those that use high-frequency bands, can be significantly impacted by fading. 

Fading channel can be classified on the basis of “fading in frequency” as 

I. Frequency flat fading channel 

II. Frequency selective fading channel 

Fading channel can be classified on the basis of “fading in time” as 

I. Slow fading channel 

II. Fast fading channel 

 

Fig. 1. Types of Fading in Wireless Communication 

evaluation of communication systems that use these channels. The agreement between Slow and Fast attenuation refers to the rate at which the channel's 

afflicted signal's amplitude and face change. When the character time length (𝑇𝑠)) is smaller than the channel's coherence time (𝑇𝑐) the crumbling, or 

fading, is said to occur more slowly. 
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C. Large Scale Fading  

The term "large scale fading," which is also used to describe route loss, describes the steady and noticeable weakening of a signal across a long distance 

from the transmitter to the receiver. When it comes to long-term average variations in signal intensity caused by the entire propagation environment, big 

scale fading is mainly concerned, unlike small scale fading, which involves fast swings over short distances or time interval

A. Small Scale Fading 

The term "small scale fading," which is also used to describe Rayleigh fading and Multipath fading, describes the sudden and erratic changes in signal 

strength over brief distances or periods of time. Small Scale Fading is concerned with the impacts of multipath propagation and quick variations in signal 

amplitude and phase as the  

 
Fig. 1. Basic Transmission and Receiver Signal in Nakagami Channel 

receiver moves slightly or the environment changes, in contrast to Large Scale Fading, which deals with  

B. Slow Fading and Fast Fading 

The variation of the channel gain over the time is slow compared to the signalling duration, the coherence time is much larger than signal duration in a 

slow fading wireless channel Clarification during rapid and  

Ts<Tc 

The signalling duration is smaller than the coherence time of the channel. Due to the high mobility of the transmitter or receiver, and higher frequency of 

operation, the mobility causes a shift in the observed frequency at the receiver this term called as fast fading. In other word, wireless communication, fast 

fading describes abrupt changes in signal intensity brought on by radio waves propagating along several paths. This phenomenon happens when signals 

travel via many pathways before reaching a receiver, frequently as a result of obstructions like trees, buildings, and reflections and dispersion.  

Ts>Tc 

D. Nakagami Fading Model  

A kind of wireless communication model known as the Nakagami fading channel describes how a signal's intensity changes as it moves across a multipath 

environment. This model is very helpful for evaluating how well wireless devices operate in situations when line of sight is not possible. The principal 

purpose of the Nakagami fading channel is to simulate signal strength change in wireless communication systems. Below is a summary of its primary 

features and functions. 

E. Rayleigh Fading Model  

In wireless communication channel, the Rayleigh distribution in commonly used to describe the statistical time varying nature of the received envelope 

of a flat fading signal. In flat fading channel the bandwidth of the signal is very much smaller the bandwidth of the channel. Hence frequency component 

in the signal behaves int the similar manner that is there is no peak component or there is no peak amplitude of a single frequency component. In other 

words, The Rayleigh fading is used to explain how wireless communication channels behave when there is multipath propagation occurring and there is 

no direct line of sight between the transmitter and the receiver. 
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IV. METHODOLOGY AND SIMULATION SETUP : 

Different gains are used to process the input signal: The constant gain is covered in the first portion, while the variable gain is covered in the second. 

According to this concept, the accepted signal magnitude over a channel (often referred to as a transmission medium) will either fluctuate arbitrarily or 

fade according to the Rayleigh distribution. The basic input and output signal for Nakagami channel. Fig 2. 

 
Fig. 2. BER Performance Analysis of Nakagami Channel 

y(t)=c1(t)∗s(t)+0.5[τ∗c2∗s(t)] + 0.25[τ∗c2∗s(t)] + n(t) [8][14] 

In this case, Y(t) represents the output signal, s(t) the input signal, τ the phase shift or delay, c1 the constant (fixed) gain, c2 the variable (non-fixed) gain, 

and n(t) the noise. It's a statistical depiction that's employed to gauge how a broadcast environment affects a radio signal, including the one that wireless 

devices use. We have employed the following function to produce noise: - 

y = A * WGN(x, SNR, measured) [3] 

A. Nakagami Fading Channel Model 

A model for radio propagation is referred to as Nakagami Fading. It is viewed that the signal arrives at the receiver via two distinct ways, and no less 

than one of the ways is changing (extending or shortening). When one of the ways is a line-of-sight then Nakagami Fading takes place and the signal is 

much more powerful than the others. In Fig. 4. we get the Nakagami Fading signal by sending the two-radio frequency signal. A simulation model for 

the Nakagami Fading channel is analyzed. In such a situation the multipath signal arrives at a distinctive time and diverse frequency. By the side of the 

output of the envelope detector, this has the impact of Nakagami Fading.    

B. Rayleigh Fading Channel 

The received signal is denoted by y(t), and the Rayleigh Fading channel modular suggests an impulse response h(t) of the transmitted signal s(t) and the 

noise as y(t)= h(t){s(t)+N(t)}. The specific model for fading when there is no line-of-sight propagation of the signal is called Rayleigh. The amplitude 

expands in Rayleigh Fading and may be described by dispersion. The Rayleigh circulation is typically employed in portable radio channels to represent 

the entity multipath segment envelope or the statical time fluctuating nature of the got envelope of a Flat Fading signal. The Rayleigh distribution is 

adhered to by the envelope of the quadrature Gaussian noise signal aggregate, which is remarkable. A Rayleigh-distributed signal envelope is shown as 

a temporal element in Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

  Fig. 3. EGC Analysis for Nakagami Channel 
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C.  To use EGC for Mitigation strategies to reduce fading in both models 

The signals from each of the separate branches are waited for as indicated by their respective signal voltage to noise power ratios in EGC (Equal Gain 

Combining), and then they are summed. Before being added, each signal in this process must be co-phased, and each antenna element requires its receiver 

and phasing circuit. Simulation studies show that  

 

Fig. 4. EGC Diversity output with BPSK output with different k- values  

BER Performance degrades with improved modulation techniques; hence, energy-efficient modulation, such as BPSK, is preferred when channels are 

severely  

V.  CONCLUSION : 

In this paper, we have portrayed numerous kinds Fading. In exacting, we’ve got divides the Fading into two classes by using Small-Scale Fading and 

Large-Scale Fading. Additionally, a few models for Small-Scale Fading have taken into consideration which includes Rayleigh and Nakagami 

distributions. Nakagami Fading model. is more accurate model Rayleigh model then Rayleigh model is that model, which is considered to generate 

multipath Fading model channel. BER rate for BPSK modulation with EGC in Rayleigh channel is evaluated and values of SNR and BER are plotted. 

Outcomes display that BER overall performance is stepped forward through applying receive diversity. The theoretical and simulated outcomes were 

plotted for EGC (Equal Gain Combining) diversity. As a consequence, diversity techniques with digital modulation are tied up with multi antenna system 

to enhance the reliability and throughput. With the ability to handle a wide variety of situations from severe to mild fading, EGC used together with the 

Nakagami fading model offers a versatile means of characterizing and analyzing fluctuations in signal intensity caused by fading.  

Furthermore, we found that Nakagami fading performs better in complicated environments, particularly those with a combination of LOS and non-LOS 

circumstances or markedly variable fading strength. However, if you want a simpler model and assume no direct path (purely multipath), then Rayleigh 

fading channel is the best choice. In the end, the decision is based on the particulars of the channel circumstances you are examining. The validation of 

whatever model best fits the observed fading characteristics in your scenario may also be aided by access to real-world data. 
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