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Abstract
This rapid expansion has driven the development and adoption of a wide variety 

of communication standards, creating a critical need for systems that are both robust 
and adaptable. One innovative solution lies in the design of intelligent receivers capable 
of autonomously identifying and adapting to transmitter parameters based solely on the 
received signal characteristics. Among the key elements in ensuring the reliability and 
efficiency of such systems is channel coding, which introduces redundancy into transmitted 
data to detect and correct errors caused by noise, interference, or signal degradation during 
transmission. One effective method is code concatenation, which involves the sequential or 
parallel integration of two or more coding schemes. This article examines the performance 
of a sequential concatenated coding approach that integrates Reed-Solomon (RS) codes as 
the outer code with convolutional codes as the inner code. RS codes are highly effective 
in correcting burst errors, while convolutional codes excel at correcting random errors. 
When used in combination, these codes complement each other, resulting in improved 
error correction capabilities. The article evaluates this hybrid approach by analyzing the bit 
error rate (BER) under varying signal-to-noise ratio (SNR) conditions, demonstrating that 
the concatenated scheme consistently outperforms individual coding strategies such as RS, 
convolutional, or LDPC codes alone in noisy communication environments.
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demonstrating that the concatenated scheme consistently outperforms individual 
coding strategies such as RS, convolutional, or LDPC codes alone in noisy 
communication environments. 
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1. Introduction 
Digital techniques are on our doorstep, their use is expanding and affecting 

the fields of sound, video and data. There are no more dedicated media, the 
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routing of sound, video and data in general is done by borrowing various 
mediums. The unpredictability of the message sent by the source then requires 
the receiver to use techniques allowing him to verify both the accuracy and the 
certainty of the information received [1]. 

Along with the investigation of new protocols in the network layer, 
solutions applied to the physical layer are sought. In this context, the techniques 
already used for wireless communications are envisaged for application to optics 
[2]. 

Among these techniques, we are interested in error correcting coding [3], 
in order to improve the performance of optical transmissions.In the context of 
future optical networks, performance in terms of error rate must be as low as 
possible (     to      ), while ensuring high speeds [4]. However, in this 
context, the imperfections of the optoelectronic components introduce many 
limitations on the performance [5]. This is why the error-correcting coding 
techniques, or channel coding, which have already proved their worth in the 
wireless domain, are being considered for optics. 

In order to reduce the error rate in the message, symbols are added to the 
message according to a law known to both the sender and the receiver. Two 
types of techniques exist: 
i. A technique that only determines whether the received message is error-

prone.  
ii. A technique which makes it possible to detect and correct.  

2. Literature survey 
Free-space optical communication (FSO) systems are capable of 

supporting high data rates and are often used for the transmission of audio, 
video, and digital data FSO has become an attractive solution for last-mile 
connectivity, disaster recovery, and temporary network installations. In optical 
fiber communication, controlling the bit error rate (BER) and ensuring low 
latency are critical requirements, as highlighted in [6][7]. Several recent studies 
have considered replacing the Reed-Solomon codes, already standardized for 
transoceanic communications, with new codes, more efficient and less 
redundant, such as low-density codes (LDPC: Low-Density Parity Check) [8] 
[9]. 

The Reed-Solomon codes are error-correcting detector codes capable of 
correcting independent errors, and contiguous erroneous symbols in so far as the 
number of errors does not exceed the ability to correct. Decoding apart from 
error detection requires a computation unit operating on the Galois field [10] 
[11]  

Paper introduces the codes which approach the Shannon limit and which 
have the best performance in a context such as LDPC codes (low-density parity-
check code), and RS codes (Reed-Solomon code) [12], convolutional codes [13] 
[14] and concatenated Reed Solomon-convolutional codes [15] [16]. In this 
paper, the performance of the DVB-T2-Lite system using the technique termed 
as spatial diversity in different channel scenarios was addressed [22]. In this 
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paper, the design of error correction codes with AI techniques was proposed 
[23]. This paper addresses the issue of using high-density algorithms in a 
distributed computer system where emerging processors are present. In order to 
minimize the impact of stragglers, it has previously been suggested that data be 
encrypted with the code to clear and decrypt the primary server at the end of the 
calculation [24]. This article introduced a cognitive radio-based cross-layer 
resource allocation framework for video streaming over distributed networks 
using multi-carrier DS-CDMA modulation with frequency-selective fading 
channels [25]. Foundational Aspects of Convolutional Codes were elaborated in 
this article [26]. A proposed low-latency coding scheme called Semi-Random 
Block-Oriented Convolution Code (SRBO-CC) is similar to Block Markov 
Superposition Transmission (BMST) [30]. This paper addresses the fundamental 
problem of cutting 5G transport networks, namely, the reliable VN embedding 
with dedicated EON protection [32]. To minimize the overuse of a dedicated 
security app, use the bandwidth congestion and the V-Link requirement for 
separation between multiple modes while using the flexibility capabilities 
provided by EON. This paper provides a deep and clear understanding of the 
Reed-Solomon codes and Convolutional codes that make it simple and easy to 
understand and use [34].  

3. Proposed Methodology 
3.1. OFDM Transmission System Without Encoding 

In an OFDM transmission system, as shown in Figure 1, the bits to be 
transmitted are allocated to   subchannels and are mapped into complex 
modulation symbols. These complex values together with their symmetrical 
conjugate are then sent to the IFFT operation, forming 2N values. The resulting 
vector is converted into a continuous-time signal through a digital to analog 
(D/A) converter to be transmitted over the channel. During transmission, this 
signal will be subject to noise, which will cause system errors. 

 
Figure 1 

OFDM transmission system without coding 
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Figure 2 shows the block diagram of reception. After analog-to-digital 
(A/D) conversion, the received signal reaches the FFT operator, giving    
complex values. Then, the resulting signal is converted into bits by the 
modulation demapper which are the inputs to a parallel-serial converter. 

 

 
Figure 2 

OFDM reception system without coding 
 
However, utilization of error correction codes in transmission system, the 

information bits pass through the encoder and are allocated into various 
subchannels. While on reception, the FFT operation is performed and the 
modulation symbols are demapped. The bits in each subchannel go through a 
parallel-serial converter and reach the decoder.  
Followings are the various error correction codes proposed in this paper. 

A. Low Density Parity Check Coding (LDPC) 
Low-Density Parity Check (LDPC) is a type of linear block code initially 

proposed in 1962 by Robert Gallager [17]. Consequently, by his time it was 
almost impossible to demonstrate the performance of the LDPC-Gallager 
encoding regarding the performance in terms of BER and the approach to the 
limit Shannon [18]. 

In other work, irregular LDPC codes have been used in simulations, 
reaching 0.046dB at the Shannon limit with BER      [19]. LDPC is currently 
applied in different telecommunications standards such as: IEEE 802.16 (Mobile 
WiMAX) [20], IEEE 802.11n (WIFI) [21], IEEE 802.20, IEEE 802.3 and in 
DVB-S2X, DVB- T2-Lite [22], with codeword lengths from 384 bits for 
wireless standards to 64800 bits for terrestrial digital television standards [22] 
and other optional ones for IEEE 802.11ad (WiGig), IEEE 802.11 ac (WiFi), 
among others. The performance of LDPC makes it attractive in applications that 
require high transmission rates [23]. 
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The main characteristic that differentiates a block code from LDPC is the 
decoding. While the first uses Maximum Likelihood (ML) algorithms, or 
syndrome decoders, the second generally uses linear programming (LP) and 
iterative algorithms e.g., belief-propagation (BPA) or message-passing (MPA), 
product-sum (SPA), or min-sum (MSA). All of them based on Hard-decision 
and soft-decision decoding [24]. 

During LDPC code creation, the generator matrix (   ) maps the 
message vector " ",      into a codeword       of length   at a rate     ⁄  
[25]. Generally, the creation of the generating matrix " ". It starts from the 
parity check matrix " ", where the condition of equation (1) must be fulfilled. 
        (1) 

There are two ways to represent LDPC codes: through linear matrices or 
graphically (Tanner). 

The parity check matrix of equation (2) has a number of rows n and a 
number of columns m defined by (   ). 

    [
 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 
] (2) 

For the parity matrix to be of low density, it must have an amount of 1’s 
per row and per column, named as    and   , correspondingly, that fulfill the 
condition of:      and      [25]. A graphical representation of the 
matrix “H”, from Equation 2, can be seen in Figure 3. 

 

 
Figure 3 

Graphical representation of the parity check matrix H for an LDPC code [24] 
 
In this representation, the triangle symbolizes the parity nodes, and their 

number corresponds to the number of bits participating in the parity equation. 
During decoding, the parity check operations are represented by exchanges via 
these links between the variable nodes and those of parity. 

The encoding and decoding scheme using an iterative algorithm can be 
represented in a general way as in Figure 4. 
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Figure 4 

Transmission chain with LDPC coding / decoding 
 
The transmitter comprises a coding block which carries out the 

multiplication of the useful data with the generator matrix. This encoding 
operation does not a priori pose any particular constraints except the fact of 
working on data packets of fixed size imposed by K (or N). 

At the receiver, an iterative algorithm whose role is to determine the most 
probable sequence, is implemented. A decision is taken on the bits making up 
the received word and a test is carried out at each iteration to verify whether the 
decided word is a code word or not. This operation is carried out by multiplying 
the word decided with the matrix H transposed so as to verify the parity 
equation. As long as the decided word is not a code word and as long as the 
maximum number of iterations is not reached, the iterations continue.  

B. Convolutional Codes 
Two main families of ECC (error correcting codes) are to be distinguished: 

convolutional codes and block codes. By definition, convolutional codes 
calculate redundancy continuously as the data stream arrives while block codes 
generate redundancy by data blocks. It is said to be systematic if the useful 
information bits are found in the coded word  . This is reflected in the matrix 
representation. This representation is called the systematic form of the generator 
matrix. 

Convolutional codes were initially invented in 1954 by Elias [26]. The 
principle of convolutional codes is to consider the message to be sent as a semi-
infinite sequence of symbols. It consists in passing the useful message to be 
encoded in a succession of shift registers. There are 3 parameters of the 
convolutional codes:   (useful information bits),   (the number of code shift 
registers),   (coded bits after the encoder). One also defines the length of 
constraint of the code which is equal to:    . For a convolutional encoder 
illustrated in Figure 5, a coding scheme of efficiency   equal to 0.5 is most 
often used. We can illustrate on a fairly simple example the main differences 
between the two types of code. Let us take the example of a convolutional code 
NSC [27] [28], we can write the generator polynomials of this code in the form: 
    [           ] (3) 

Two versions of the equivalent RSC encoder can be obtained as follows: 
First version: 

     [           ] (4) 
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Second version: 

     (      ) [      

      ] (5) 

Even if the performances between NSC codes and RSC codes are very 
similar, it is shown in [29] that a systematic recursive encoder has better 
performances at low SNRs than a non-systematic convolutional code, however 
the differences are minimal.  

C. Reed-Solomon Codes  
RS codes are effective codes that have been around for years, they are 

already applied for standardized long distance systems (ITU-G975 and ITU-
G709) [31]. To evaluate the performance of the studied codes, we will use as 
criterion the coding gain (NCG: Net Coding Gain). In fact, to increase the 
coding gain, two solutions are possible: either we increase the SNR, or we 
decrease the useful bit rate by concatenating several encoders [32], for example, 
RS (239,223) + RS (255,239). 

The Reed-Solomon codes (non-binary) are obtained by extension of the 
BCH codes (binary), the binary symbols of the BCH codes are transformed into 
m-array symbols to obtain the RS codes. They are based on Galois field theory 
[33], in fact RS codes are based on   (       )and BCH codes on    (2). 
Moreover, they are all cyclic linear codes. RS codes are always written in the 
form (   ) where   is related to the class of the code:       . The 
maximum number of correctable errors is expressed by   or       . 

1. RS Codes Encoding 
RS codes are block codes, so if we express them with a generator matrix in 

polynomial form ( ), we get: 
   ( )  (   )( –   )   ( –     ) (6) 

Where   is a primitive root of the field   (  ). 
  being defined as the remainder of the Euclidean division of the quantity: 

            by  , we can write: 
                  (7) 

So the property for this code word is to cancel out for      with 
      . 

 

2. Decoding RS codes 
The most widely used algorithm for RS decoding is the Berlekamp-Massey 
algorithm [33]. It is based on hard decisions. The decoding algorithm is applied 
if the code syndrome is not zero. The principle is to find among all the valid 
code words the one which is at the smallest distance from the detected erroneous 
word. Indeed, this algorithm proceeds in four steps (Figure 5): 
 Calculation of the syndrome by taking     . 
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 Calculation of error localization polynomials and amplitude. 
 Calculation of the roots and evaluation of the two polynomials. 
 Summation of the constituted polynomial and the received polynomial to 

reconstruct the starting information without error. 
 

 
Figure 5 

RS decoding scheme 
3. Performance 

RS codes are linear, non-iterative, and cyclic codes. The result can be 
obtained by simulation orby mathematical calculations. 

For each bit, if we define the probability of correctable error     
            (     )  (8) 

So the probability of non-detection       per symbol is determined by: 

        ∑           (         )
    

    (9) 
      

 {
    

                 

   (  ) ∑ (  ) (  ) [(   )    (   )   ]    (   )
         (   )       

 

The probability of symbol error     for the decoding is expressed as: 

      ∑ (  )        
 (     )    

      (10) 

So the total probability of error per symbol is written: 

                       
 
 ∑  (  )        

 (     )    
      (11) 

If an approximation is made: 

         
   
 (  

   )       
   (     )      (12) 

D. Concatenation of Reed-Solomon Codes with Convolutional Codes 
Convolutional codes do not perform at the desired level in case of error 

bursts (consecutive incorrect bits). As a result of the efforts to eliminate this 
disadvantage, a new coding technique called sequential code was designed by 



208� K. R. CHAUDHARI ET AL.

David Forney in 1966. Convolutional codes using soft-predictive decoder at low 
signal-to-noise ratio have better performance than Reed-Solomon codes of the 
same complexity [35]. Considering these situations, Forney created the serial 
sequential code block diagram in Figure 6 by using the convolutional code and 
the Reed-Solomon code consecutively. 

 

 
Figure 6 

Concatenation of Reed-Solomon and Convolutional codes 

4. Results and Discussions 
Simulation results are cited below for Concatenation of Reed-Solomon 

Codes with Convolutional Codes. 
Figure 7 presents a simulation result for IEEE 802.16a, illustrating the Bit 

Error Rate (BER) performance against the Signal-to-Noise Ratio (SNR) for 
different modulation and coding schemes. The x-axis represents the SNR, while 
the y-axis represents the BER on a logarithmic scale. 
Three curves are plotted: 
i.  Blue (bask-1/2): This represents Binary Amplitude Shift Keying (BASK) 

with a 1/2 coding rate. The curve shows better performance at lower SNR 
values. 

ii.  Green (qpsk-1/2): Quadrature Phase Shift Keying (QPSK) with a 1/2 
coding rate. It provides improved BER performance compared to BASK-
1/2. 

iii.  Red (qpsk-3/4): QPSK with a 3/4 coding rate, which offers higher spectral 
efficiency but results in a slightly higher BER at lower SNRs. 
 
From the graph, it is evident that higher SNR values lead to lower BER, 

indicating improved system performance. QPSK with a lower coding rate (1/2) 
performs better than QPSK-3/4 at lower SNRs but sacrifices data rate. The 
results highlight the trade-off between robustness and spectral efficiency in 
IEEE 802.16a. 

This analysis is critical for optimizing modulation and coding schemes in 
wireless communication systems to achieve the desired reliability and 
efficiency. 
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Figure 7 

BER performance for concatenated Convolutional codes 
 
The provided graph illustrates the Bit Error Rate (BER) performance 

versus Signal-to-Noise Ratio (SNR) for different modulation schemes in IEEE 
802.16a systems. The x-axis represents SNR, while the y-axis (logarithmic 
scale) denotes BER. The simulation compares BASK-1/2, QPSK-1/2, and 
QPSK-3/4 modulation schemes. 

From the results, BASK-1/2 (blue curve) exhibits the lowest BER at lower 
SNRs, making it more resilient to noise but less efficient in data transmission. 
QPSK-1/2 (green curve) improves spectral efficiency while maintaining a lower 
BER compared to QPSK-3/4 (red curve), which has a higher coding rate but 
requires a higher SNR to achieve acceptable performance. 

 
Table 1 

BER at various SNR values for Convolutional codes 
 

SNR Bit Error Rate 
BPSK-1/2 QPSK-1/2 QPSK-3/4 

0 0.0091 0.4009 0.4618 
2 0.0008 0.3312 0.4466 
4 0.0014 0.2443 0.4152 
6 0 0.0335 0.1986 
8 0 0.0006 0.0337 
10 0 0 0.0039 
12 0 0 0.0008 
14 0 0 0.0010 
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Table 1 confirms this trend, showing that at SNR = 6 dB, QPSK-1/2 
achieves a BER of 0.0335, while QPSK-3/4 has a higher BER of 0.1986. As 
SNR increases, BER decreases significantly, reaching near-zero values at SNR ≥ 
10 dB. 

The graph shown in Figure 8 presents a Bit Error Rate (BER) vs. Signal-to-
Noise Ratio (SNR) performance for different modulation and coding schemes in 
IEEE 802.16a systems. The x-axis represents SNR, while the y-axis (logarithmic 
scale) represents BER. The graph compares BASK-1/2, QPSK-1/2, and QPSK-
3/4. 
 BASK-1/2 (Blue curve): This modulation scheme demonstrates the lowest 

BER at lower SNR values, indicating better noise resilience but lower data 
transmission efficiency. 

 QPSK-1/2 (Green curve): Quadrature Phase Shift Keying with a 1/2 
coding rate achieves a balance between spectral efficiency and robustness, 
outperforming BASK-1/2 at higher SNRs. 

 QPSK-3/4 (Red curve): With a higher coding rate, QPSK-3/4 offers better 
data rates but exhibits a higher BER at lower SNR values, requiring 
stronger signal conditions for reliable performance. 
From the graph, higher SNR values result in lower BER, signifying 

improved transmission quality. QPSK-1/2 outperforms QPSK-3/4 at lower 
SNRs, but QPSK-3/4 becomes more efficient as SNR increases. 

 
Figure 8 

BER performance for concatenated RS-Convolutional codes 
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Table 2 provides additional numerical insights, confirming that BER 
decreases as SNR increases. At SNR = 6 dB, QPSK-1/2 has a BER of 0.0280, 
while QPSK-3/4 has a BER of 0.1778. However, at SNR ≥ 12 dB, both QPSK 
schemes achieve zero BER. 

Table 2 
BER at various SNR values for concatenated RS-Convolutional codes 

 

SNR Bit Error Rate 
BPSK-1/2 QPSK-1/2 QPSK-3/4 

0 0.0025 0.4472 0.4815 
2 0.0011 0.3770 0.4642 
4 0.0004 0.2255 0.4248 
6 0 0.0280 0.1778 
8 0 0 0.0293 
10 0 0 0.0036 
12 0 0 0 
14 0 0 0 

5. Conclusion 
The analysis of BER vs. SNR performance for different modulation and 

coding schemes in IEEE 802.16a highlights the critical trade-offs between 
spectral efficiency, reliability, and system robustness. The results indicate that 
BASK-1/2 performs well at lower SNR levels due to its inherent robustness 
against noise, but it is limited by lower data transmission efficiency. QPSK-1/2, 
with its balance between spectral efficiency and error correction capability, 
demonstrates superior performance compared to QPSK-3/4, particularly at lower 
SNR values. QPSK-3/4, while offering higher data rates, exhibits a higher BER 
at low SNRs, making it less suitable for noisy environments. From the BER 
tables, we observe that at SNR = 6 dB, QPSK-1/2 achieves a BER of 0.0280, 
while QPSK-3/4 has a BER of 0.1778, confirming that lower coding rates 
improve reliability in low-SNR conditions. However, at SNR ≥ 12 dB, both 
QPSK-1/2 and QPSK-3/4 achieve near-zero BER, making higher coding rates 
more favourable when SNR is sufficiently high. This study emphasizes that 
modulation and coding scheme selection is crucial in IEEE 802.16a-based 
systems. The choice depends on the operational environment: lower coding rates 
for reliability in low-SNR conditions and higher coding rates for better spectral 
efficiency at high SNR levels.  

References 
[1]. D. Gupta, P. Sharma, R. Tandon, H. Sharma, and M. Gupta, ―Free 

space optical communication,‖ Int. J. Sci. Tech. Adv., vol. 4, no. 1, pp. 55-60, 
2018. 

[2]. M. Cantono, A. Ferrari, D. Pilori, E. Virgillito, J. L. Augé, and V. 
Curri, ―Physical layer performance of multi-band optical line systems using 
Raman amplification,‖ J. Opt. Commun. Netw., vol. 11, no. 1, pp. A103-A110, 
2019. 

References

	 [1]	 D. Gupta, P. Sharma, R. Tandon, H. Sharma, and M. Gupta, “Free 
space optical communication,” Int. J. Sci. Tech. Adv., vol. 4, no. 1, pp. 
55-60 (2018).



212� K. R. CHAUDHARI ET AL.

	 [2]	 M. Cantono, A. Ferrari, D. Pilori, E. Virgillito, J. L. Augé, and V. Curri, 
“Physical layer performance of multi-band optical line systems using 
Raman amplification,” J. Opt. Commun. Netw., vol. 11, no. 1, pp. A103-
A110 (2019).

	 [3]	 J. Fernandez-Mayoralas and R. M. Ghodhbane, “Performance of Er-
ror Correcting Codes (ECCs) for Short-frame OFDM Sensors’ Net-
work,” in Proc. IEEE Int. Conf. Commun. (ICC), pp. 1-6 (Jun. 2021).

	 [4]	 I. S. Amiri, A. N. Z. Rashed, A. S. Parvez, B. K. Paul, and K. Ahmed, 
“Performance enhancement of fiber optic and optical wireless com-
munication channels by using forward error correction codes,” J. Opt. 
Commun. (2019).

	 [5]	 V. K. Srivastava, A. Pal, S. Kumar, and S. Sharma, “Error detecting 
code for long haul network,” in Proc. SPIE, Phys. Simul. Optoelectron. 
Devices XXVI, vol. 10526, p. 105261V (Feb. 2018).

	 [6]	 S. P. Choudhari and M. B. Chakole, “Reed Solomon code for WiMAX 
network,” in Proc. Int. Conf. Commun. Signal Process. (ICCSP), pp. 176-
179 (2017).

	 [7]	 A. Y. Kuti and A. E. Abdelkareem, “Evaluation of Low-density parity-
check code with 16-QAM OFDM in a time-varying channel,” in Proc. 
IEEE Int. Conf. Commun., Netw. Satellite (COMNETSAT), pp. 128-134 
(Jul. 2021).

	 [8]	 O. O. Ogundile, E. O. Ijiga, and D. J. J. Versfeld, “On the analysis 
of Reed-Solomon codes for OFDM Systems over Rician fading chan-
nels,” SAIEE Africa Res. J., vol. 108, no. 3, pp. 108-116 (2017).

	 [9]	 S. Kaur, N. Singh, G. Kaur, and J. Singh, “Performance comparison 
of BPSK, QPSK and 16-QAM modulation schemes in OFDM system 
using Reed-Solomon codes,” in Proc. Int. Conf. Recent Innov. Electr. 
Electron. Commun. Eng. (ICRIEECE), pp. 530-533 (Jul. 2018).

[10]	 S. Q. Hadi, P. Ehkan, S. A. Dawood, and M. S. Anuar, “Low-density 
parity-check (LDPC) coded framelet transform-based OFDM sys-
tem,” in Proc. Int. Conf. Imaging Signal Process. Commun., pp. 143-147 
(2017).

[11]	 A. Azeez and S. Tarannum, “Performance study of low-density par-
ity-check (LDPC) encoded MIMO-OFDM system by using artificial 
bee colony algorithm,” in Soft Comput. Signal Process., Singapore: 
Springer, pp. 411-419 (2021).



BIT ERROR RATE ANALYSIS OF VARIOUS ERROR CORRECTION CODES� 213

[12]	 V. B. Dhere and A. C. Bhagali, “An efficient CDMA system based on 
Reed Solomon code (RS code),” J. Analog Digit. Commun., vol. 3, no. 3 
(2018).

[13]	 G. K. Reddy, A. Tapaswi, and G. M. Sheeba, “Performance enhance-
ment of MIMO OFDM using FEC codes,” Mater. Today: Proc. (2021).

[14]	 A. Agarwal and S. N. Mehta, “PC-CC: An advancement in forward 
error correction using polar and convolutional codes for MIMO-
OFDM system,” J. King Saud Univ. Comput. Inf. Sci., vol. 32, no. 8, pp. 
917-927 (2020).

[15]	 R. Samy, A. Mahran, and Y. Mohasseb, “Low complexity iterative de-
coding of Reed–Solomon convolutional concatenated codes,” Int. J. 
Commun. Syst., vol. 34, no. 14, p. e4922 (2021).

[16]	 R. Samy and A. Mahran, “Low complexity Viterbi decoder for RSCC 
concatenated codes,” in J. Phys. Conf. Ser., vol. 1447, no. 1, p. 012040 
(2020).

[17]	 K. D. Rao, “Low density parity check codes,” in Channel Coding Tech-
niques for Wireless Communications, Singapore: Springer, pp. 273-329 
(2019).

[18]	 T. M. Amine and D. Ali, “A new method for building low-density-
parity-check codes,” Int. J. Technol., vol. 10, no. 5, pp. 953-960 (2019).

[19]	 M. Mishra, “LDPC codes and digital forensics–a perspective ap-
proach,” IETE J. Res., pp. 1-8 (2019).

[20]	 X. Wang, T. Ge, J. Li, C. Su, and F. Hong, “Efficient multi-rate encoder 
of QC-LDPC codes based on FPGA for WiMAX standard,” Chin. J. 
Electron., vol. 26, no. 2, pp. 250-255 (2017).

[21]	 X. Y. Shih and Y. C. Chen, “2-dimensional minimum fast-searching 
design approach of LDPC decoder architecture for IEEE 802.11 n/
ac/ax applications,” in Proc. IEEE ICCE-TW, pp. 119-120 (Jun. 2017).

[22]	 L. Polak, O. Kaller, and T. Kratochvil, “DVB-T2-Lite profile using di-
versity technique under different channel conditions,” in Proc. IEEE 
ISBMBB, pp. 1-4 (Jun. 2015).

[23]	 L. Huang, H. Zhang, R. Li, Y. Ge, and J. Wang, “AI coding: Learning 
to construct error correction codes,” IEEE Trans. Commun., vol. 68, no. 
1, pp. 26-39 (2019).

[24]	 R. K. Maity, A. S. Rawa, and A. Mazumdar, “Robust gradient descent 
via moment encoding and LDPC codes,” in Proc. IEEE ISIT, pp. 2734-
2738 (Jul. 2019).



214� K. R. CHAUDHARI ET AL.

[25]	 X. Zhang, “LDPC codes—structural analysis and decoding tech-
niques,” Ph.D. dissertation, Univ. of California, San Diego (2012).

[26]	 J. Lieb, R. Pinto, and J. Rosenthal, “Convolutional codes,” arXiv pre-
print arXiv:2001.08281 (2020).

[27]	 G. M. D. T. Forecast, “Cisco visual networking index: global mobile 
data traffic forecast update, 2017–2022,” Cisco Visual Netw. Index 
(2017).

[28]	 P. Chanclou, A. Pizzinat, F. Le Clech, T. Diallo, R. Brenot, J. L. Auge, 
G. Gaviot, and S. Gosselin, “Optical fiber solution for mobile fron-
thaul to achieve cloud radio access network,” in Proc. Future Netw. 
Mobile Summit, pp. 1-11 (Jul. 2013).

[29]	 N. E. A. Babekier, “Performance evaluation of enhanced inter-cell in-
terference coordination with pico-cell adaptive antenna in long term 
evolution-advanced,” Ph.D. dissertation, Sudan Univ. Sci. Technol. 
(2018).

[30]	 W. Lin, J. Liu, Y. Huang, B. Bai, and W. Chen, “A low latency coding 
scheme: semi-random block oriented convolutional code,” in Proc. 
IEEE ISTC, pp. 1-5 (Dec. 2018).

[31]	 N. Kaneda, “Optimizing optical interconnects: digital predistortion 
and postequalization techniques in optical communications,” IEEE 
Microw. Mag., vol. 20, no. 5, pp. 98-114 (2019).

[32]	 N. Shahriar, T. Ahmed, A. Kara, H. H. Gharakheili, M. F. Habibi, and 
V. Sivaraman, “Reliable slicing of 5G transport networks with dedi-
cated protection,” in Proc. IEEE CNSM, pp. 1-9 (Oct. 2019).

[33]	 A. Glavieux, Ed., Channel Coding in Communication Networks: 
From Theory to Turbo Codes, John Wiley & Sons (2013).

[34]	 K. Mergu, “Performance analysis of Reed-Solomon codes concat-
enated with convolutional codes over AWGN channel,” APTIKOM J. 
Comput. Sci. Inf. Technol., vol. 1, no. 1, pp. 27-32 (2016).

[35]	 H. Mahdavifar, M. El-Khamy, J. Lee, and I. Kang, “Performance lim-
its and practical decoding of interleaved Reed-Solomon polar con-
catenated codes,” IEEE Trans. Commun., vol. 62, no. 5, pp. 1406-1417 
(2014).

		  Received May, 2025


