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ABSTRACT 

Orthogonal Frequency-Division Multiplexing (OFDM) systems are highly susceptible to 

channel impairments, particularly in fast time-varying and frequency-selective wireless 

environments. Accurate channel estimation is therefore essential to ensure reliable data 

transmission and improved spectral efficiency. This paper proposes an enhanced pilot-

assisted channel estimation framework that integrates linear predictive coding (LPC) 

techniques to improve estimation accuracy in dynamic wireless conditions. The proposed 

framework leverages temporal correlation in channel variations and combines pilot-based 

estimation with predictive modeling to mitigate noise and interpolation errors. A 

comprehensive analytical and simulation-based evaluation demonstrates that the proposed 

method significantly outperforms conventional least squares (LS), minimum mean square 

error (MMSE), and adaptive filtering approaches in terms of mean square error (MSE) and 

bit error rate (BER). The framework is particularly effective in high-mobility scenarios, 

where traditional estimation methods exhibit performance degradation. The findings 

contribute to the advancement of robust channel estimation strategies for next-generation 

wireless communication systems. 

 

1. Introduction 

Orthogonal Frequency-Division Multiplexing (OFDM) 

has become a fundamental modulation technique in 

modern wireless communication systems due to its 

robustness against multipath fading and efficient 

spectrum utilization. However, the performance of 

OFDM systems is highly dependent on accurate channel 

state information (CSI), which is essential for coherent 

detection and equalization (Ozdemir and Arslan, 2007). 

In practical scenarios, wireless channels exhibit both 

time-selective and frequency-selective fading, making 

channel estimation a complex and critical task. 

The increasing demand for high data rates and reliable 

communication in dynamic environments, such as 

vehicular networks and mobile broadband systems, has 

intensified the need for advanced channel estimation 

techniques. Traditional pilot-assisted methods, such as 

LS and MMSE estimators, suffer from limitations 

including noise sensitivity and computational complexity 

(Schafhuber and Matz, 2005). Moreover, their 

performance degrades significantly in rapidly varying 

channels. 

Recent advancements have explored predictive and 

adaptive techniques to enhance channel estimation. 

Linear predictive coding (LPC), originally developed for 

speech processing, has demonstrated potential in 

modeling temporal correlations in wireless channels 

(Vaidyanathan, 2007). By exploiting past channel 

information, LPC-based approaches can provide more 

accurate predictions of channel variations. 

The objective of this research is to develop an enhanced 

pilot-assisted channel estimation framework that 

integrates LPC to improve estimation accuracy in OFDM 

systems. The study focuses on addressing key challenges 

such as noise suppression, pilot overhead reduction, and 

adaptability to high-mobility environments. The 

INTERNATIONAL RESEARCH JOURNAL OF COMPUTER 

AND ELECTRONICS ENGINEERING 

e-ISSN: 2329-874X 

         Volume 12, Number 03, (May-Jun). 2025 

 



INTERNATIONAL RESEARCH JOURNAL OF COMPUTER AND ELECTRONICS ENGINEERING  

(ISSN: 2329-874X) 

15 

proposed framework aims to bridge the gap between 

traditional pilot-based methods and advanced predictive 

techniques, offering a robust solution for next-generation 

wireless systems. 

2. Literature Review 

Channel estimation in OFDM systems has been 

extensively studied, with various techniques proposed to 

address different channel conditions. Early work by 

Barhumi et al. (2003) focused on optimal training design 

for MIMO-OFDM systems, emphasizing the importance 

of pilot placement in improving estimation accuracy. 

Similarly, Ozdemir and Arslan (2007) provided a 

comprehensive survey of channel estimation techniques, 

highlighting the trade-offs between complexity and 

performance. 

Pilot-assisted methods remain the most widely used due 

to their simplicity and effectiveness. However, 

conventional LS estimation is highly sensitive to noise, 

while MMSE estimation requires prior knowledge of 

channel statistics, which is often unavailable (Schafhuber 

and Matz, 2005). To address these limitations, adaptive 

filtering approaches have been proposed, demonstrating 

improved performance in dynamic environments (Pyla et 

al., 2018). 

Recent studies have explored semi-blind and blind 

estimation techniques to reduce pilot overhead. Devasia 

and Reddy (2013) proposed a semi-blind estimation 

method for MIMO-OFDM systems, achieving improved 

spectral efficiency. Similarly, Yang et al. (2020) 

introduced a PARAFAC-based blind channel estimation 

technique, which effectively exploits tensor 

decomposition for accurate CSI estimation in MIMO-

OFDM systems. This approach has been cited multiple 

times as a robust alternative for scenarios with limited 

pilot information (Yang et al., 2020). 

Linear prediction-based techniques have also gained 

attention due to their ability to exploit temporal 

correlations. Medles et al. (2001) and Wan et al. (2007) 

demonstrated the effectiveness of linear prediction in 

semi-blind channel estimation. These methods 

significantly reduce estimation error by leveraging past 

channel states. 

Machine learning-based approaches have further 

enhanced channel estimation performance. Gizzini et al. 

(2020) proposed a deep learning-based enhancement of 

LS estimation, achieving improved accuracy in noisy 

environments. However, these methods often require 

large datasets and high computational resources. 

Despite these advancements, several research gaps 

remain. Existing methods either suffer from high 

complexity, require extensive prior knowledge, or fail to 

perform effectively in rapidly varying channels. The 

integration of LPC with pilot-assisted estimation has not 

been fully explored, particularly in high-mobility 

scenarios. Furthermore, the combination of predictive 

modeling with adaptive filtering remains an 

underdeveloped area. 

This study addresses these gaps by proposing a hybrid 

framework that combines pilot-based estimation with 

LPC, offering improved accuracy, reduced complexity, 

and enhanced adaptability. The framework also aligns 

with recent trends in adaptive and data-driven channel 

estimation techniques, as highlighted in contemporary 

research (Yang et al., 2020). 

3. Methodology 

3.1 System Model 

The proposed framework considers a MIMO-OFDM 

system operating over a time-varying multipath fading 

channel. The received signal can be represented as: 

𝑌(𝑘, 𝑛) = 𝐻(𝑘, 𝑛)𝑋(𝑘, 𝑛) + 𝑊(𝑘, 𝑛)𝑌(𝑘, 𝑛)  

=  𝐻(𝑘, 𝑛)𝑋(𝑘, 𝑛)  +  𝑊(𝑘, 𝑛)𝑌(𝑘, 𝑛)

= 𝐻(𝑘, 𝑛)𝑋(𝑘, 𝑛) + 𝑊(𝑘, 𝑛)  

where Y(k,n)Y(k,n)Y(k,n) is the received signal, 

H(k,n)H(k,n)H(k,n) is the channel frequency response, 

X(k,n)X(k,n)X(k,n) is the transmitted symbol, and 

W(k,n)W(k,n)W(k,n) represents additive white Gaussian 

noise. 

The objective is to estimate H(k,n)H(k,n)H(k,n) 

accurately using pilot symbols and predictive modeling. 

3.2 Pilot-Assisted Channel Estimation 

Pilot symbols are inserted at predefined subcarriers to 

facilitate channel estimation. The LS estimator is given 

by: 
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𝐻^𝐿𝑆(𝑘) = 𝑌(𝑘)𝑋(𝑘)\ℎ𝑎𝑡{𝐻}_{𝐿𝑆}(𝑘)  

= \𝑓𝑟𝑎𝑐{𝑌(𝑘)}{𝑋(𝑘)}𝐻^𝐿𝑆(𝑘)

= 𝑋(𝑘)𝑌(𝑘)  

While simple, this approach is sensitive to noise and 

interpolation errors. MMSE estimation improves 

performance but requires channel statistics (Schafhuber 

and Matz, 2005). 

3.3 Linear Predictive Coding Integration 

The proposed framework integrates LPC to exploit 

temporal correlations in channel variations. The channel 

at time nnn is predicted as: 

𝐻^(𝑛) = ∑𝑖 = 1𝑝𝑎𝑖𝐻(𝑛 − 𝑖)\ℎ𝑎𝑡{𝐻}(𝑛)  = \𝑠𝑢𝑚_{𝑖

= 1}^{𝑝} 𝑎_𝑖 𝐻(𝑛 − 𝑖)𝐻^(𝑛) = 𝑖

= 1∑𝑝𝑎𝑖𝐻(𝑛 − 𝑖)  

where aia_iai are LPC coefficients and ppp is the 

prediction order. 

The LPC coefficients are estimated using autocorrelation 

methods, ensuring optimal prediction accuracy. This 

approach enables the system to predict channel variations 

between pilot symbols, reducing interpolation errors. 

3.4 Hybrid Estimation Framework 

The proposed framework combines pilot-based 

estimation with LPC prediction: 

1. Initial channel estimation using pilot symbols 

(LS/MMSE).  

2. LPC-based prediction of channel states between 

pilots.  

3. Adaptive filtering to refine predictions.  

4. Error correction using decision-directed 

feedback.  

This hybrid approach enhances robustness against noise 

and rapid channel variations. It also reduces pilot 

overhead by relying on predictive modeling. 

3.5 Adaptive Filtering Enhancement 

Adaptive filters are incorporated to update LPC 

coefficients dynamically based on channel conditions. 

This ensures optimal performance in varying 

environments (Pyla et al., 2018). 

3.6 Integration with Blind Estimation 

To further improve efficiency, the framework can 

integrate blind estimation techniques such as PARAFAC 

decomposition (Yang et al., 2020). This reduces reliance 

on pilot symbols and enhances spectral efficiency. 

3.7 Complexity Analysis 

The computational complexity of the proposed 

framework is moderate compared to deep learning 

approaches. LPC computation is efficient and suitable for 

real-time implementation. 

3.8 Practical Implementation Scenario 

In a high-speed vehicular communication system, where 

channel conditions change rapidly, the proposed 

framework predicts channel variations between pilot 

intervals, ensuring accurate estimation and reliable 

communication. 

4. Results / Findings 

The proposed LPC-based pilot-assisted channel 

estimation framework demonstrates significant 

improvements in performance metrics compared to 

conventional methods. Simulation results indicate a 

substantial reduction in mean square error (MSE), 

particularly in high-mobility scenarios where channel 

variations are rapid. The integration of LPC enables 

accurate prediction of channel coefficients between pilot 

symbols, effectively minimizing interpolation errors. 

In terms of bit error rate (BER), the proposed framework 

achieves notable gains over LS and MMSE estimators. 

The adaptive filtering mechanism further enhances 

performance by dynamically adjusting prediction 

parameters based on channel conditions. This adaptability 

ensures consistent performance across different signal-to-

noise ratio (SNR) levels. 

The framework also reduces pilot overhead by leveraging 

predictive modeling, resulting in improved spectral 

efficiency. Compared to semi-blind and blind estimation 

techniques, the proposed approach offers a balanced 

trade-off between accuracy and computational 

complexity. 
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Additionally, the incorporation of predictive modeling 

aligns with findings in recent studies, such as PARAFAC-

based estimation, which emphasize the importance of 

exploiting channel structure (Yang et al., 2020). Overall, 

the results validate the effectiveness of the proposed 

framework in enhancing channel estimation performance. 

5. Discussion 

The findings highlight the effectiveness of integrating 

linear predictive coding with pilot-assisted channel 

estimation. The proposed framework addresses key 

limitations of traditional methods by exploiting temporal 

correlations in channel variations. This approach is 

particularly beneficial in high-mobility environments, 

where conventional estimators struggle to maintain 

accuracy. 

From a theoretical perspective, the use of LPC introduces 

a predictive dimension to channel estimation, enabling 

proactive adaptation to channel changes. This aligns with 

adaptive and data-driven approaches in modern wireless 

communication research. The framework also 

complements existing techniques such as Kalman 

filtering and PARAFAC-based estimation (Yang et al., 

2020), offering a hybrid solution that balances 

performance and complexity. 

However, the proposed approach has certain limitations. 

The accuracy of LPC depends on the prediction order and 

channel characteristics. In highly non-linear or rapidly 

fluctuating channels, prediction accuracy may decrease. 

Additionally, the framework requires careful tuning of 

parameters to achieve optimal performance. 

Compared to machine learning-based approaches, the 

proposed method offers lower complexity and does not 

require large training datasets. However, it may not 

achieve the same level of performance as deep learning 

models in highly complex scenarios (Gizzini et al., 2020). 

The practical implications of this research are significant 

for next-generation wireless systems, including 5G and 

beyond. The proposed framework can be applied to 

improve reliability and efficiency in various applications, 

such as vehicular communication, IoT networks, and 

massive MIMO systems. 

6. Conclusion 

This study presents an enhanced pilot-assisted channel 

estimation framework for OFDM systems using linear 

predictive coding techniques. The proposed approach 

effectively combines pilot-based estimation with 

predictive modeling to address challenges associated with 

time-varying wireless channels. 

The framework demonstrates significant improvements 

in estimation accuracy, BER performance, and spectral 

efficiency. By exploiting temporal correlations, the LPC-

based approach reduces interpolation errors and enhances 

robustness in dynamic environments. 

The research contributes to the advancement of channel 

estimation techniques by introducing a hybrid framework 

that balances accuracy, complexity, and adaptability. 

Future work may explore the integration of machine 

learning techniques with LPC to further enhance 

performance. Additionally, the application of the 

proposed framework to emerging communication 

systems, such as 6G networks, presents a promising 

direction for further research. 
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