
2025, Vol 2 Issue 3 | 33 

International Journal of 

                       Advanced Computer Science Engineering and Artificial Intelligence 
Peer Reviewed, Referred & Indexed Journal 

                                         ISSN: 3143-438X                                             www.ijacseai.com                                                 Original Research Paper 

Received:06-08-2024 | Accepted: 05-09-2024 | Published: 12-09-2025 

ERROR CONTROL CODING TECHNIQUES FOR NEXT-

GENERATION WIRELESS SYSTEMS 

Devireddy Maheswara Reddy  

Research Scholar 

Department of EEE,  

Shri Jagdishprasad Jhabarmal Tibrewala University, Jhunjhunu, Rajasthan, India.  

dmaheshreddy91@jjtu.ac.in  

Abstract 

Next-generation wireless communication 

systems such as 5G and emerging 6G demand 

extremely high data rates, ultra-low latency, and 

reliable transmission under harsh channel 

conditions. However, wireless channels are 

severely affected by noise, interference, and 

multipath fading, leading to frequent 

transmission errors. Error control coding (ECC) 

techniques play a crucial role in improving 

communication reliability by enabling detection 

and correction of bit errors at the receiver. This 

work presents a comprehensive study of error 

control coding techniques employed in modern 

wireless systems, including convolutional codes, 

Turbo codes, Low-Density Parity-Check (LDPC) 

codes, and Polar codes. Their performance is 

analyzed under additive white Gaussian noise 

and fading channels using bit error rate and 

coding gain as key metrics. Simulation-based 

evaluation demonstrates that advanced coding 

schemes significantly outperform traditional 

techniques while approaching Shannon capacity 

limits. The results confirm that ECC is a 

fundamental enabler for reliable and spectrally 

efficient next-generation wireless communication 

systems. 

INTRODUCTION 

Wireless communication systems have 

undergone rapid evolution to meet the increasing 

demand for high data rates, massive connectivity, 

and low latency services. Next-generation 

wireless systems aim to support applications 

such as enhanced mobile broadband, ultra-

reliable low-latency communication, and massive 

machine-type communication, all of which 

require reliable data transmission over error-

prone wireless channels [1], [2]. Channel 

impairments such as noise, fading, and 

interference significantly affect signal integrity, 

making error control coding an essential 

component of modern wireless systems [3]. 

Error control coding introduces controlled 

redundancy into transmitted data, allowing the 

receiver to detect and correct errors without 

retransmission. Early wireless systems relied on 

simple block and convolutional codes; however, 

these techniques are inadequate for meeting the 

performance demands of modern wireless 

standards [4]. Advanced coding schemes have 

been developed to improve spectral efficiency 

and error performance while maintaining 

manageable decoding complexity [5]. 

Turbo codes represented a major breakthrough 

by achieving performance close to Shannon’s 

theoretical capacity limit and were widely 

adopted in third- and fourth-generation cellular 

systems [6]. Later, LDPC codes gained 

popularity due to their excellent performance, 

parallel decoding capability, and suitability for 

high-throughput applications [7]. These features 

made LDPC codes a natural choice for data 

channels in 5G New Radio systems [8]. 

Polar codes, introduced as the first capacity-

achieving codes for symmetric channels, have 

been adopted for control channels in 5G due to 

their reliability at short block lengths [9]. Their 

structured construction and flexible rate 

adaptation make them attractive for next-

generation communication systems where 

latency constraints are critical. 

In future wireless systems, the choice of error 

control coding directly influences system 

throughput, power efficiency, and computational 

complexity. Therefore, a detailed comparative 

analysis of different coding techniques is 
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essential for designing robust and efficient next-

generation wireless communication systems [10]. 

LITERATURE REVIEW 

Early work by Elias in 1955 introduced 

convolutional coding, which laid the foundation 

for many practical communication systems [11]. 

Forney later developed maximum likelihood 

decoding techniques that significantly improved 

the performance of convolutional codes in noisy 

environments [12]. These methods formed the 

basis of channel coding in early wireless and 

satellite communication systems. 

Berrou, Glavieux, and Thitimajshima introduced 

Turbo codes in 1993, demonstrating near-

capacity performance through iterative decoding 

[13]. This discovery revolutionized error control 

coding research and influenced the design of 

modern communication standards. Turbo codes 

were extensively used in 3G and 4G cellular 

systems due to their excellent error performance. 

Gallager proposed Low-Density Parity-Check 

codes in 1962, but their practical application 

became feasible only after advances in digital 

processing technology [14]. Richardson and 

Urbanke later provided comprehensive analysis 

of LDPC decoding algorithms and performance 

bounds, enabling their adoption in high-speed 

wireless systems [15]. 

Arıkan introduced Polar codes in 2009, proving 

that channel capacity could be achieved using a 

low-complexity encoding and decoding process 

[16]. Subsequent studies focused on improving 

decoding latency and error performance for short 

block lengths, leading to their inclusion in 5G 

control channels [17]. 

Recent research prior to 2024 focused on 

adaptive and hybrid coding schemes to address 

diverse service requirements in next-generation 

wireless systems [18]. Comparative studies 

highlighted that LDPC codes outperform Turbo 

codes at high data rates, while Polar codes offer 

superior performance for short packets and low-

latency applications [19], [20]. 

PROPOSED METHODOLOGY 

The proposed methodology models a digital 

wireless communication system consisting of a 

transmitter, wireless channel, and receiver. At the 

transmitter, binary information data is generated 

and encoded using various error control coding 

techniques such as convolutional, Turbo, LDPC, 

and Polar codes to introduce redundancy for 

error correction. 

The encoded data is then modulated using digital 

modulation schemes such as BPSK or QPSK, 

which are commonly employed in modern 

wireless standards due to their robustness and 

spectral efficiency. The modulated signal is 

prepared for transmission through a wireless 

channel model. 

The wireless channel is modeled using additive 

white Gaussian noise and Rayleigh fading to 

emulate realistic propagation environments. 

These channel models introduce amplitude and 

phase distortions that cause bit errors at the 

receiver, enabling evaluation of the effectiveness 

of different coding techniques. 

At the receiver, the distorted signal is 

demodulated and passed through corresponding 

channel decoders. Viterbi decoding is used for 

convolutional codes, iterative decoding for Turbo 

and LDPC codes, and successive cancellation 

decoding for Polar codes to recover the 

transmitted data. 

The recovered data is compared with the original 

transmitted data to compute bit error rate and 

coding gain. This unified framework allows a 

fair comparison of different error control coding 

techniques under identical channel and 

modulation conditions. 

EXPERIMENTAL SETUP 

The experimental setup is implemented using 

MATLAB-based simulation to evaluate the 

performance of various error control coding 

techniques. The simulation environment allows 

flexible configuration of parameters such as code 

rate, block length, modulation type, and channel 

conditions to closely resemble next-generation 

wireless systems. 

Random binary data sequences of sufficient 

length are generated and encoded using different 

channel coding schemes. To ensure a fair 

comparison, identical modulation schemes and 
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transmission power levels are maintained across 

all experiments. 

The encoded signals are transmitted through 

AWGN and Rayleigh fading channels with 

varying signal-to-noise ratio values. Noise power 

is adjusted systematically to analyze system 

performance under both low and high SNR 

conditions typically encountered in wireless 

communication scenarios. 

At the receiver, decoding algorithms are 

executed with practical iteration limits to reflect 

real-time processing constraints. The decoded 

output is compared with the transmitted data to 

calculate bit error rate over multiple frames, 

ensuring statistically reliable results. 

The experimental results are presented as BER 

versus SNR curves, enabling clear visualization 

of coding gains achieved by different techniques. 

These results provide valuable insights into the 

trade-offs between performance, complexity, and 

latency in next-generation wireless systems. 

RESULT AND DISCUSSION 

The simulation results clearly indicate that 

modern error control coding techniques 

significantly improve the reliability of next-

generation wireless communication systems. 

Under identical channel and modulation 

conditions, advanced coding schemes achieve 

lower bit error rates at reduced signal-to-noise 

ratios compared to conventional methods. LDPC 

and Polar codes demonstrate superior error 

correction capability, especially in medium and 

high SNR regions, while Turbo codes also show 

strong performance with slightly higher decoding 

latency. Overall, the results confirm that the 

selection of appropriate channel coding 

techniques plays a crucial role in meeting the 

stringent performance requirements of next-

generation wireless networks. 

Table 1: BER Performance of Coding 

Techniques under AWGN Channel 

SN
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(dB
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Convolution
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Turb
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2 6×10⁻² 3×10⁻ 2×10⁻ 1.5×10⁻
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4 2×10⁻² 9×10⁻
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5×10⁻
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4×10⁻³ 

6 8×10⁻³ 2×10⁻
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1×10⁻
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8×10⁻⁴ 

8 3×10⁻³ 6×10⁻
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2×10⁻

⁴ 

1.5×10⁻

⁴ 

 

Figure 1: BER Performance Comparison of 

Error Control Coding Techniques

Table 2: Coding Gain Comparison at BER = 

10⁻⁴ 

Coding Technique Coding Gain (dB) 

Convolutional 2.1 

Turbo 3.8 

LDPC 4.5 

Polar 4.9 

Figure 2: Coding Gain Comparison at BER = 

10⁻⁴ 

 
Table 3: Relative Decoding Complexity of 

ECC Techniques 

Coding Technique Relative Complexity 

Convolutional Low 

Turbo High 

LDPC Very High 
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Polar Medium 

 

Figure 3: Decoding Complexity Comparison 

of ECC Techniques 

 
DISCUSSION 

The discussion of results reveals that LDPC and 

Polar codes provide substantial improvements in 

error performance over traditional convolutional 

coding schemes. Their ability to achieve lower 

BER at reduced SNR values makes them highly 

suitable for high-throughput and reliability-

critical applications in next-generation wireless 

systems. 

Furthermore, while Turbo codes offer near-

capacity performance, their higher decoding 

complexity and latency may limit their 

applicability in ultra-low-latency scenarios. Polar 

codes, with moderate complexity and excellent 

short block performance, emerge as strong 

candidates for future wireless standards where 

both reliability and latency are critical.  

CONCLUSION 

The simulation results demonstrate that advanced 

error control coding techniques significantly 

enhance the reliability of wireless 

communication systems. LDPC and Polar codes 

exhibit superior bit error rate performance 

compared to traditional convolutional codes, 

particularly in moderate to high SNR regions. 

Turbo codes show strong error correction 

capability but require higher decoding 

complexity and latency due to iterative decoding 

processes. In contrast, LDPC codes offer an 

effective balance between performance and 

computational efficiency, making them suitable 

for high-throughput data transmission. 

The study confirms that no single coding 

technique is optimal for all scenarios. Instead, the 

choice of error control coding should depend on 

system requirements such as data rate, latency 

constraints, and computational resources 

available at the receiver. 

FUTURE SCOPE   

Future work may focus on machine-learning-

assisted decoding algorithms, adaptive hybrid 

coding schemes, and low-latency decoders for 

6G networks. Integration of error control coding 

with massive MIMO, millimeter-wave 

communication, and intelligent reflecting 

surfaces offers promising research directions 
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