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Abstract 

The communication sector has noticed the effectiveness of wireless media for 

information exchange. The data exchange through wireless channel is affected by various 

impairments like interference, fading, noisy channel and attenuation. These effects have 

different impact on different wireless channel models. For an efficient and reliable 

communication, it is necessary to receive error free data. For error free communication, 

the channel coding is used. The aim of channel coding is to find an efficient code; which 

can be used for detection and correction of errors. In this paper, we have compared the 

channel coding techniques on the basis of Bit error rate over different channel models 

like Additive white Gaussian noise, Rician and Rayleigh channel model. 
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1. Introduction 

Today, communication system demands higher data rates but this may lead to high 

BER (Bit Error Rate) if done by increasing the bandwidth. So, we do not consider the 

enlargement of bandwidth as an efficient solution [1]. The efficient coding techniques are 

there which helps us to achieve this goal. During transmission, the distortions occurred 

due to packet loss, errors etc. In this paper, we have considered the effective channel 

coding techniques to overcome these problems and also to increase the quality of 

transmission by decreasing the BER over different channel scenarios. The received 

signals in wireless communication have different time delays because of various effects 

like diffraction, refraction and scattering. The BER in these scenarios is high so the 

probability of packet loss is more. The BER is considered as main factor to evaluate the 

performance of wireless transmission. In wireless communication, the forward error 

correction techniques are used to reduce the BER. There is another factor which affects 

the BER, i.e. Signal to Noise ratio (SNR). These two terms are inversely proportional to 

each other if the SNR is more than the BER. SNR is determined by two terms: 

Eb = Error function 

No = Noise power spectral density 

In wireless communications, there are different channel models. The performance of a 

communication system in these channel models has a different behavior. Some basic 

channel models in wireless are AWGN (Additive White Gaussian Noise), Rayleigh, 

Rician and Nakagami. These channel models in terms of BER is improved by coding 

techniques like: Convolution coding, LDPC (low density parity check) coding, turbo 

codes etc. In this paper, we made a comparative analysis of these channel coding 

techniques over AWGN, Rayleigh and Rician channel models. The section I and II of the 
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manuscript explains the introductory concept of wireless communication, channel models 

and channel coding techniques. The comparative study of different channel coding 

techniques is analyzed in section III followed by section IV which contains the conclusion 

of this survey. 

 

2. Theoretical Analysis of Channel Modeling and Channel Coding 

Techniques 

There are various channel models and channel coding techniques which are taken into 

consideration. The theoretical analysis of those techniques has been carried out in this 

section: 

 

2.1 Channel Modeling 

In communication system, every signal requires a channel to reach towards destination. 

The channel is basically a bridge between transmitter and receiver. In wireless 

communication, there are various effects attenuation, fading, scattering, reflection etc. 

which degrades the performance of channel. To know the extent of losses, channel models 

are devised. Some basic channel models are discussed in the subsequent sub-section: 

 

2.1.1 AWGN Channel 

The additive white Gaussian noise is the basic model used in communication. In this 

model, the impairments arise only due to white noise, and therefore no traces of 

diffraction, scattering, attenuation etc. is observed [2]. That is why; this channel is 

considered as basic channel model. 

The mathematical equation is: 

o(t) = i(t) + n(t)                                                     (1) 

 

 

Figure 1. Schematic of AWGN Channel Model 

Where o(t) is received signal over AWGN channel, i(t) is transmitted signal and n(t) is 

background noise. 
 

2.1.2. Rayleigh Channel 

In Rayleigh fading channel, the received signal is affected by atmosphere and free 

space loss, this induces signal degradation and multipath propagation [3]. The 

environment which has multiple scatters simulated by Rayleigh model has no line of sight 

path. The result of this effect is that, the signal fluctuates in terms of phase and magnitude 

at receiver. This effect has more impact near the earth surface due to movable objects in 

between the sender and receiver, the frequency shifts. This effect is called as Doppler 

shift.  
 

2.1.3. Rician Channel 

The Rician fading channel is based on stochastic theory. In this model, there are many 

NLOS (non line of sight path) and at least one direct path [4]. When there is condition in 
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which direct path has stronger effect then Rician fading occurs. It is based on two main 

parameters: K and Ω where K is strength of direct path and Ω is strength from all the 

paths [4]. 
 

2.2. Channel Coding 

In order to avoid the unnecessary retransmissions which generate delay in process, the 

channel coding techniques are suggested [1]. The error detection and correction in 

transmission is usually done by various channel coding techniques. There are some 

significant channel coding techniques: 
 

2.2.1. Convolution Coding 

The convolution coding is an error correcting technique which add redundancy to 

original message bits and generates parity symbols by employing sliding window concept 

[6]. The receiver retrieves the only correct or most likely transmitted bits. As compared to 

linear block codes, the implementation of convolution codes is somewhat complex. But 

the tendency to correct the errors is more [6]. 
 

2.2.2. Turbo Coding 

The turbo codes are using iterative soft decoders and recursive coders to eliminate the 

problems which occurred in block codes and convolution codes. In order to approach the 

Shannon limit the block codes have to use large block length and convolution codes have 

to use constraint length but recursive coders make the constraint length short and iterative 

soft decoders improves the estimation of received signal [5]. 

 

 

Figure 2. Convolution Encoding Circuit 

2.2.3. LDPC Coding 

These codes are linear error correcting codes. In this technique, the signal is 

transmitted on noisy channel but it is observed the signal suffers less loss of data. In 

recent years, these codes are able to attract more researches because of its various 

attributes like these codes are capacity approaching codes and the decoding process is also 

efficient when done with parallel iterative decoding methods. These codes proved 

themselves as efficient by performing close to Shannon limit. [7] 
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3. Performance of Channel Coding Techniques under Different 

Channel Models 

In this section, we have reviewed the performance of various channel coding 

techniques under different channel scenarios [8]. The performance of LDPC and turbo 

coding is analyzed over AWGN and Rayleigh fading channel and it has been concluded 

that LDPC code outperform the turbo code over flat Rayleigh fading channel. In recent 

studies, the LDPC codes are used instead of AWGN, Rayleigh, Rician and Nakagami 

channels and it has been observed that LDPC performs well and its code rate ½  helps to 

achieve high gain with maintenance of spectral efficiency. In [9], the comparative analysis 

of different block codes over AWGN channel has been done and it has been shown that 

the LDPC has best performance over other coding techniques. The performance of turbo 

codes over AWGN, Rayleigh and Rician channel is analyzed and it proved that turbo 

codes are better than convolution coding for small frame size (for 500 bits) [10]. If LDPC 

codes are used for large frame size with sophisticated LDPC decoders, then it can provide 

69.4% better result in terms of throughput without effecting error correction capabilities 

[11]. 

 

4. Conclusion 

For reliable communication, the channel coding plays an important role as this 

technique makes the transmission error free by correcting the errors. The review presented 

in this paper contains the performance analysis of various coding techniques and it is 

observed that the LDPC (low density parity check) codes outperform all the other coding 

techniques. LDPC technique has simple implementation of encoder and decoder which 

makes way for researchers to study and improve. With AWGN channel, the LDPC code 

gives the excellent performance in comparison of other codes. 
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