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ABSTRACT 

The demand of wireless communication is high data rate 

along with error free communication. An error in 

communication can be reduced by employing proper channel 

coding techniques. In this paper, authors have proposed the 

hybrid channel coding scheme in which convolution codes 

and turbo codes are combined to perform together. This 

scheme helps to provide smooth communication with high 

data rate even under different channel conditions. The SNR is 

the threshold parameter for adaptive encoding which can be 

measured by the channel estimation techniques for mobile 

WiMAX system. Authors have also taken efforts for adding 

adaptive code rate and modulation schemes for optimizing the 

mobile WiMAX system. Use of proper adaptive coding for 

optimizing the performance of mobile WiMAX system can be 

achieved. For this newly introduced hybrid scheme, the 

analysis and simulation are carried out with respective to 

standard AWGN channel which shows improved Bit Error 

Rate performance and also overcomes the drawbacks such as 

high complexity, decoding delay and power requirement.  
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1. INTRODUCTION 
Mobile WiMAX is the promising technology to provide the 

high data transmission rate over longer distance for different 

types of wireless communication such as data, voice and 

video [1]. Mobile WiMAX also provides great deal of 

flexibility, scalability and good quality of services [2]. 

Orthogonal frequency division multiplexing has been 

implemented to achieve high bit rate of transmission in 

multipath fading environment. The OFDM causes Inter 

Symbol Interference (ISI) which results in the system 

performance degradation [4]. To minimize the system error 

probability, forward error correction coding has been 

implemented. The performance of Mobile WiMAX system 

using convolution codes with various code rate encoders and 

modulation techniques approaches the Shannon’s limit. This 

is true for lower degree of modulation. But high data rate 

demands higher degrees of modulation and large constrain 

length, that demands more power to transmit [5]. This 

drawback can be overcome by introducing Turbo codes in 

mobile WiMAX system. Turbo codes provide virtually error 

free communication with lower level of modulation and 

power requirement [6]. Turbo codes also provide good quality 

of service at low signal to noise ratio (SNR) values. The 

operation of turbo decoder is based on iterative decoding and 

uses Maximum A Priority (MAP) algorithm to generate the 

soft output. MAP decoding algorithm uses relatively large 

number of iterations to achieve desirable BER performance at 

lower SNR. This leads to excessive time delay and 

computational complexity which results in increasing system 

complexity [11], [12]. 

The literature survey shows that, the convolution codes 

outperform for higher signal to noise ratio for useful 

transmission rate and quality of service, whereas turbo codes 

perform effectively over lower value of SNR (under worst 

channel conditions). Owing to these results, a new scheme has 

been implemented called Hybrid channel coding which 

includes the advantages of both convolution as well as turbo 

coding scheme for mobile WiMAX system. 

The system parameters such as channel conditions, useful bit 

rate and quality of service, the adaptive channel coding 

technique is used for mobile WiMAX system. Depending to 

the feedback of channel estimation or value of SNR, system 

can adapt either convolution code or turbo codes. The lower 

modulation techniques and low code rate will be equipped for 

maintaining the quality of service in case of worst channel 

conditions, while for good channel conditions high code rate 

and modulation could improve useful bit rate.  

The work has been carried out for providing adaptive channel 

coding for mobile WiMAX system. The code rate and 

modulation scheme are all adaptable at the same time in terms 

of SNR of the channel. For assuring the good quality of 

service with low complexity, minimum time delay and 

minimum power requirement, a target SNR has been fixed as 

the threshold. Based on this target SNR, the system can adapt 

optimal coding technique, code rate and modulation to seek 

maximum useful bit rate (throughput). The BER performance 

has been evaluated for the proposed system model by 

adapting various coding, modulation and code rate against 

standard AWGN channel. 

The performance analysis of new scheme has been carried out 

through the MATLAB simulation by selecting the respective 

superiorities of individual coding scheme. The analysis has 

been made that the turbo code operates better in low SNR 

channel condition while convolution code performs at higher 

SNR. 

The rest of the paper is organized as follows: Section II deals 

with system model for WiMAX system. The discussion about 

utility of convolution codes and turbo codes is made in section 

III. Section IV describes Simulation and result oriented on the 

system model. The conclusions are drawn in section V. 
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2. SYSTEM MODEL  
The block schematic representation of Mobile WiMAX 

system is shown in fig 1. In the transmitter section incoming 

information bits are encoded with either convolution or turbo 

encoder according to choice of code rate. The selection of 

particular encoder is based on value of effective SNR of the 

AWGN channel. The effective SNR is obtained by employing 

channel estimation techniques over AWGN channel which is 

feedback to the SNR threshold selector. Coded data is then 

modulated with QPSK. The coded data is converted into a 

frames using serial to parallel convertor. OFDM symbol is 

modulated by implementing Inverse Fast Fourier transform 

(IFFT). The guard interval is inserted to eliminate the inter 

symbol interference. Finally data symbols are transmitted 

serially through the AWGN channel. 

 

Fig 1: Block schematic of proposed Mobile WiMAX 

system. 

At the receiver section, synchronization should be done to 

obtain the good strength of symbols. Guard interval ought to 

be removed from the received symbols. After serial to parallel 

conversion, the OFDM symbols are demodulated by 

implementing Fast Fourier Transform (FFT). Data symbols 

are converted into a bit sequence which is then demodulated 

with QPSK. Then distorted bits are decoded by either 

convolution or turbo decoder choosing according to the value 

of effective SNR obtained through channel estimation for 

specific data bits. 

3. CODING SCHEMES 
Forward error correction coding techniques are used to 

minimize the error probability of the received information. In 

this paper, we have discussed briefly about convolution 

coding and turbo coding. Authors have suggested new coding 

technique called Hybrid channel coding is brief in this 

section.  

3.1 Convolution codes 
Convolution codes are used for applications to provide good 

performance with low implementation cost. Convolution 

codes have memory that uses previous bits to encode or 

decode following bits. These codes are implemented by 

employing a binary encoder that takes a stream of information 

bits and converts it into a stream of transmitted bits(a 

codeword) [2]. Encoder consists of a shift register bank that 

generates the transmitted codeword according to the generator 

polynomials. The structure of convolution codes is shown in 

fig 2 with generator polynomials (7, 5).  

 

Fig 2: Convolution encoder structure for rate ½. 

To recover the information bits from channel errors, the 

redundancy is provided by transmitting more bits per unit 

time than the number of information bits per unit time. In 

convolution decoder, Maximum likelihood decoding can be 

implemented using the Viterbi algorithm. Other decoding 

algorithms such as SOVA (Soft Output Viterbi Algorithm) 

and the BCJR algorithm are also commonly used. Maximum 

likelihood decoding means finding the code branch in the 

code trellis that is most likely to transmit. Therefore, ML 

decoding is based on calculating the hamming distances for 

each branch to recover the transmitted codeword. ML 

algorithm is too complex, but viterbi algorithm eliminates 

least likely trellis path at each transmission stage and reduces 

decoding complexity with early rejection of unlike paths and 

concentrating on Survival paths of the trellis. In this way, 

viterbi decoding algorithm improves the efficiency of 

convolution codes [17]. 

3.2 Turbo codes 
Turbo codes are more popular in most of the wireless 

applications like WiMAX, LTE etc, because of its greater 

Error control ability. These codes provide good BER 

performance and approach towards the Shannon’s channel 

capacity limit. Turbo code provides high data rates for low 

order modulation schemes such as BPSK or QPSK. Turbo 

code is implemented by employing (i) Parallel concatenated 

encoder structure that uses two convolution encoders and an 

inter leaver to produce coded data at low power level, and (ii) 

Soft input soft output iterative decoders [2]. The operation of 

the turbo decoder is based on iterative decoding which is 

considered as the main feature of turbo codes. The structure of 

turbo decoder is shown in fig 3 [3]. Two basic iterative 

decoding algorithms, namely Soft Output Viterbi Algorithm 

(SOVA) and Maximum A Posteriori Probability (MAP) 

algorithm demand complex decoding operations over several 

iteration cycles. Among these algorithms, SOVA has the least 

computational complexity but the worst BER performance 

while MAP algorithm provides significantly better BER 

performance with highest computational complexity.  
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This decoder uses MAP decoding algorithm to generate the 

soft output. Since the MAP decoding algorithm needs 

relatively large number of iterations to achieve the expected 

BER performance at low SNR. This leads to excessive time 

delay and computational complexity for deciding the system 

performance. The iterative nature of turbo decoding 

algorithms leads to increase the complexity compare to 

conventional FEC decoding algorithms. So for 

implementation of turbo code in real time system, the decoder 

complexity has to be reduced while preserving BER 

performance of the system [4].  

 

Fig 3: Turbo decoder structure for an iterative decoding 

process. 

3.3 Hybrid Channel Coding 
Most of the wireless applications demands uniform bit rate 

and good quality of service under different channel 

conditions. Author has suggested new scheme called Hybrid 

channel coding. In this scheme, we take an account of 

advantages of both convolution and turbo coding scheme for 

mobile WiMAX system. This code works like convolution 

codes by adapting the binary convolution encoder to convert 

information bit stream into the transmitted codeword. This 

code can be adapted when effective values of SNR fed back 

from channel are greater than the selected SNR threshold. The 

decoding is done at the receiver with reference to the same 

SNR threshold [5]. Thus under relatively good channel 

condition system adapted the convolution code and optimize 

the WiMAX system performance by minimizing the decoding 

delay and computational complexity. While on the other side, 

turbo code can be adapted when estimated SNRs are lower 

than set value of threshold SNR [8]. Turbo encoder converts a 

block of data into a concatenated codeword using two 

recursive convolution encoders and an interleaver. This 

technique reduces constrain length and transmitted codeword, 

which result in minimum power requirement at the transmitter 

under the poor channel conditions. In this way, hybrid channel 

coding helps to improve the transmission efficiency of the 

system. The hybrid channel coding overcomes the limitation 

of increase in transmitted codeword length, greater power 

requirement, higher decoding delay and computational 

complexity in Mobile WiMAX system.  

4. SIMULATION AND RESULTS 
Simulation of the hybrid channel coding scheme is carried out 

with reference to the parameters shown in table 1. Simulation 

has been tested for the generator polynomial (7, 5) with 

constrained length k = 3 of an encoder. The decoder used for 

convolution codes uses viterbi algorithm whereas turbo 

decoder uses MAP algorithm for iterations limited to two 

numbers has been considered for the hybrid channel coding 

simulation. The simulation result of a hybrid code in terms 

BER performance is shown in fig 4. System performance is 

tested by fixing the threshold SNR at 3dB (for this particular 

simulation setup). The fixing of threshold SNR depends upon 

range of operation of hybrid code in terms of SNR which 

depends on tradeoff for BER used for wireless 

communication.  

Table 1: Simulation parameters for hybrid channel 

coding. 

Parameters Values 

System Bandwidth 8.75 MHz 

Sampling Frequency 10 MHz 

Channel coding   

methods 

Hybrid, Convolution and 

Turbo 

Code Rates ½ 

Modulation schemes  BPSK, QPSK,  

16 QAM  

Frame Size  1024 

Cyclic Prefix Ratio 1/8 

Guard Interval 128 

SNR Range 1-10 dB 

Channel  AWGN 

 
The simulation has been tested for various thresholds SNR 

ranges from 1dB to 10dB. The switching from one code to 

another occurs when fed back SNR exceeds the threshold 

SNR which is indicated by increasing slope from 3dB to 4dB 

in the fig 4.  It is clear from figure 4 that the hybrid code is 

operated smoothly for expectable range of BER defined by 

the ITU with less power, time delay and complexity.  

 

Fig 4: BER performance of Hybrid code. 

After simulating the hybrid channel code by considering the 

above mentioned parameters, the results are compared with 

convolution code and the turbo code in the mobile WiMAX 

environment as shown in fig 5. At SNR (Estimated) lower 

than the threshold SNR fixed at 3dB, (In this case of 

simulation) the BER performance of hybrid code is found 

similar to turbo code. Indicating saving in power for 

transmitting the symbols compare to convolution code for the 

same BER (10-3). This helps in achieving comparatively 

higher bit rate even under poor channel conditions. When 

estimated SNR detected is greater than threshold SNR of 3dB, 
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the BER performance of the proposed method similar to 

convolution code, is degraded in percentage of error 

probability proportional to SNR values. Thus the decoding 

delay and the computational complexity are reduced by 

implementing the hybrid code in mobile WiMAX system. 

Therefore, the Mobile WiMAX system can operate with the 

uniform bit rate at moderate power level. The table 2 shows 

SNR values observed for different coding techniques and code 

rates with QPSK modulation.  

 

Fig 5: Comparisons of hybrid code with convolution 

and turbo code at threshold SNR of 3dB. 

Similar experiments are carried out for various modulation 

schemes with different coding techniques to note SNR values 

for a particular BER. Keeping physical layer parameters same, 

the hybrid channel code simulation is repeated for the new 

threshold SNR of 5dB. The simulation results are shown in fig 

6. 

Table 2: SNR values for different coding techniques and  

code rates for QPSK modulation. 

Type of 

Codes 

Code 

Rate 
With 

QPSK 

SNR at 

BER=10
−2

 

SNR at 

BER=10
−3

 

Convolution 

codes 

1/2 8.1 dB -- 

1/3 9.2dB -- 

Turbo 

Codes 

1/2 2.1 dB 2.8 dB 

1/3 0.5 dB 1.0 dB 

Hybrid 

Code 

1/2 2.4 dB 6.6 dB 

1/3  3.0 dB -- 

 
Fig 6: Comparisons of hybrid code with convolution 

and turbo code at threshold SNR of 5dB. 

Test has been carried out to see the effect of various code 

rates on the performance of a hybrid code for WiMAX system 

and is shown in fig 7. It is observed that, higher code rate is 

more effective at a lower range of SNR and degrades slightly 

when SNR crosses the threshold limit.  

 

Fig 7: Effect of various code rates. 

5. CONCLUSIONS  
We have observed the BER performance of the hybrid coding 

scheme through the MATLAB simulation. With reference to 

the quality of service and channel conditions of mobile 

WiMAX, hybrid code performs similar to convolution code at 

higher SNR while its characteristics are similar to turbo codes 

for lower levels of SNR. Since at lower SNR system adapted 

turbo code principle and improved the system performance 

with short codeword length. Thus, the hybrid code relatively 

reduces the transmitted power required and helps to improve 

the efficiency of the Mobile WiMAX system. With the 

implementation of hybrid code, decoding delay of turbo 

decoder and computational complexity has been reduced to a 

certain extent. Thus, the model proposed by the author 

promises to provide uniform data rate which fulfils the 

demand of the present wireless communication system and 

communication link from the selection of particular coding 

scheme irrespective of channel conditions. 
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