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Channel estimation is fundamental to efficiently operating multi-input, multi-output
(MIMO) devices in 5G networks. This work presents a hybrid optimal channel
estimation model to improve the accuracy and efficiency of channel estimation in 5G

networks by combining the advantages of orthogonal frequency division multiplexing
(OFDM) and filter bank multicarrier (FBMC). Using sophisticated sparse signal
recovery techniques such as orthogonal matching pursuit (OMP), the proposed model

Keywords: correctly estimates the channel over multiple signal-to-noise ratios. The main
5G network performance metrics investigated in the model evaluation process are mean square error
Channel Estimation (MSE), bit error rate (BER), spectral efficiency, channel capacity, and throughput.
MIMO Instead of traditional OFDM, 5G networks use the hybrid-optimal model at high SNR
OFDM levels to improve channel prediction accuracy and data transmission efficiency.
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1. INTRODUCTION

Accurate channel prediction is crucial to improve wireless communication systems and meet the needs for fast, consistent, and low-latency connectivity
of 5G networks [1]. The inherent limitations of 5G networks make the exact reconstruction of real-time communication channels dependent on channel estimate
techniques. Among these constraints are managing vast volumes of data, working across several frequency ranges, and keeping a sizable networked device count
[2]. Precise channel forecasts help to ascertain how much MIMO [4] and OFDM technologies of 5G enhance system performance, reduce transmission mistakes,
or boost data capacity.

Conventional channel estimate methods, OFDM [3], and 4G LTE cannot satisfy 5G's higher data volume and lower latency requirements than those of
4G LTE. In OFDM, cyclic prefixes lower inter symbol interference even with possible spectrum inefficiencies and performance degradation [S]. The channel
estimation suffers from non-orthogonality of the subcarriers. For 5G, cyclic prefixes are essential because of their enhanced spectrum efficiency in Filter Bank
Multicarrier (FBMC) technology [6]. Hybrid solutions are necessary to combine the benefits of modern technology with its inherent limitations to manage the
complex and sometimes contradictory strategies defining 5G installations [7].

For optimal channel estimation, we present a hybrid approach combining the benefits of OFDM and FBMC. By using sparse signal recovery methods
more significantly, the Orthogonal Matching Pursuit (OMP) model increases the spectral efficiency of Filter Bank Multicarrier (FBMC) and the robustness of
Orthogonal Frequency Division Multiplexing (OFDM) in dynamic multi-user environments by improving estimate accuracy in sparse channels. This hybrid method
maximizes channel predictions over several signal-to-noise ratios, improving general system efficiency.

The paper is organized as follows: Section II discusses the various channel estimation techniques. Section III presents the proposed hybrid channel
estimation model, while Section IV provides performance analysis and comparative results. Finally, Section V concludes the paper with insights into future
applications of the hybrid model in 5G networks.

II. RELATED WORK

The increasing demand for reliable, high-capacity wireless access has accelerated the rapid development of 5G communications. The authors of [8]
proposed effective deep learning approaches for 5G communication applications. This article analyzes the basic concepts of various prominent deep-learning
communication systems, highlighting their limitations and future avenues for further research. The author of [9] developed a revolutionary training-free deep
learning algorithm for channel estimation in high-dimensional communication data. A deep neural network designed to generate a signal from a low-noise input
can adjust its parameters through the deep channel estimator. The resulting signal is partitioned into prototype symbols by approximating the least squares to
facilitate channel estimation.

The authors of [10] used advanced deep learning approaches to address nonlinear distortion and interference in OFDM systems while investigating
frequency-selective wireless channel characteristics. Unlike traditional OFDM receivers, the proposed DL technique directly captures transmitted symbols while
indirectly estimating channel state information. A deep learning approach, developed initially to correct channel distortion with simulated data derived from channel
characteristics, facilitates real-time recovery of streamed data.

The authors present a deep neural network approach for identifying doubly selective channels [11]. The quantitative results show that the new method
outperforms the previous estimator regarding efficiency and robustness while accounting for temporal instability in the channel data. A deep learning-based channel
estimation method was used to fully reconstruct the channel state using pilot data that included a two-dimensional image of the time-frequency response of the
fading channel, image super-resolution, and a denoising image restoration technique [12].

Akbarpour-Kasgari and Ardebilipour [13] introduced a distributed compressed sensing method for channel estimation in extensive MIMO systems. The
Stage-Wise Forward-Backward-Pursuit (StFBP) approach helps to solve this challenge. This method combines the sparsity of OFDM and mMIMO channels to
increase the estimation accuracy and convergence speed. The general sparsity of the system model allows many excellent atoms to be included at each operational
level. Reducing the number of erroneous atoms once acquired helps to increase the accuracy. This work aims to evaluate the performance of the MATLAB
simulation tool. Comparative simulation results of channel estimation using an Auxiliary Information-based Block Subspace Pursuit approach are obtained [14].

This is an adaptive greedy channel estimation method [15] for MIMO systems. Compressed sensing is combined with the New Adaptive Matching
Pursuit (NAMP) method in this system. By selecting atoms with constant step sizes, removing low-energy components from the sparse solution, and finding a
unique entropy order, efficiency is increased, and computational complexity is reduced. The MATLAB simulation tool made it easier to evaluate the efficiency of
the approach. The SAMP approach helps to analyze NAMP activities better. MIMO systems are more efficient, according to simulation research.

Anil Kumar and Anjaneyulu [16] used M-estimators to develop a channel estimation method for multicarrier SG wireless communication systems. One
method juxtaposes M-estimator simulation results with LS and MMSE estimates to demonstrate superior performance efficiency in SNR. Jiguang et al. [17]
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introduced a two-phase channel estimation method for a millimeter-wave (mmWave) MIMO system enhanced by a reconfigurable intelligent surface. The objective
is to illustrate a technique that shows how the two-phase channel estimation strategy improves the signal-to-noise ratio performance.

This study [18] evaluates the effectiveness of a Discrete Fourier Transform (DFT) channel estimation method in a Fifth Generation (5G) OFDM
waveform within an IRS-assisted communication framework. The full OFDM signal is not required for pilot transmission, as DFT-based channel estimation
facilitates simultaneous data transmission. The effects of the number of resource elements, the sparsity of the training sequence, and the multipath delay spread
within the OFDM symbol are analyzed at various SNR levels, both with and without direct link. The results show that the delay spread significantly affects the
performance and that the training sequence length can be reduced.

Chimp-based CatBoost Channel Estimation (CbCBCE) [19], represents an innovative hybrid methodology that integrates the CatBoost algorithm with
the Chimp optimization method. The Chimp approach evaluates channel parameters and then facilitates their improvement. The case study finally confirms the
proposed paradigm. The results of the proposed model were assessed and contrasted with those of conventional methods. The proposed method outperforms
conventional techniques.

This paper [20] investigates the increasing demand for accurate wireless channel estimation (WCE) in current wireless technologies such as 5G and
future developments. We first used independent and identically distributed Gaussian random processes to characterize the wireless channel between a transmitter
and multiple receivers with different antennas. We evaluated transmission angles and channel strengths over the Earth's azimuth. We then use a Simple Random
Estimation (SRE) technique to investigate the identical radio channel at the transmitter. Our numerical results indicate that while WCE remains generally stable,
channel intensities and orientations exhibit significant variations. Devices and users experience degraded quality of service (QoS) and data loss due to estimation
errors at the transmitter.

III. PROPOSED MODEL

Decoding transmitted signals in 5G wireless communication networks using orthogonal frequency division multiplexing (OFDM) MIMO technology
through channel estimation. Figure 1 illustrates the proposed model functionality. Channel estimation involves determining the channel matrix H that characterizes
signal transmissions in a multipath fading environment from Nt transmit antennas to Nr receive antennas. An accurate understanding of the channel matrix is
essential for equalization, data demodulation, and decoding at the receiver. In OFDM systems, pilot symbols, which divide the transmission into numerous
orthogonal subcarriers, are assigned to specific subcarriers called pilot subcarriers. The received signal Y consists of additive Gaussian noise N, the transmitted
signal P, and the channel matrix H. The estimation technique uses the known pilot signals, P, in conjunction with the received signal, Y, to derive H and mitigate

the influence of the noise, N.

Least Squares Channel
Estimation

Column Selection
Sparse Channel Estimation

Update Support Set of
Selection
OMP Algorithm

Update the Residual

Figure 1: Proposed model flow diagram
The following matrix equation gives the received signal model:

Y=PH+N
Where:
. Y e c™*M | received signal matrix.
o P € CNoXNe | pilot matrix.
. H € CNtXNr | channel matrix.
. N € CNe*XNr  noise matrix.

3.1 Least Squares (LS) Channel Estimation

Least-squares (LS) estimation is typically used in 5G networks to approximate the channel. Standardized pilot symbols minimize the squared difference
between the expected and actual signals. The degree of LS independence is affected by noise or channel variables. Sensitivity to external interference increases as
the signal-to-noise ratio decreases. Least squares is a computationally simple, efficient, and practical method.

Using pilot symbols, the LS approach minimizes the squared error between the expected and actual signals. The LS channel estimate H,¢ is given by:

H s = (PPp)~1pPHY

Where,

PH is the conjugate transpose (Hermitian) of the pilot matrix P.

(PHP)~1 is the inverse of the matrix.

Minimum Mean Square Error (MMSE) Channel Estimation

The advanced Minimum Mean Square Error (MMSE) estimation technique uses historical data on noise variability and channel characteristics. The
mean square error between the actual and expected channels is reduced by incorporating noise characteristics and channel autocorrelation. LMSE produces inferior
channel predictions compared to MMSE under noisy conditions. Although it is more computationally intensive and requires understanding the channel data, it is
better suited to scenarios where efficiency is preferred over complexity.

Hyyse = RyPY(PRyP" + 02171y

Where,
Ry is the autocorrelation matrix of the channel.

a? is the noise variance.

I is the identity matrix.

Hyyse is the MMSE estimate of the channel matrix.
3.2 Compressed Sensing for Sparse Channel Estimation in 5G Systems

Compressed sensing (CS) provides an effective framework for predicting sparse signals from a limited data set. In the sparse channel model of 5G
wireless communications, only a limited number of propagation channels are meaningful, resulting in most channel coefficients being either negligible or non-
existent. Reducing the number of pilot symbols improves compressed sensing methods, thereby increasing spectral efficiency and reducing channel estimation
complexity. The limited number of essential propagation paths between the transmitter and receiver in large MIMO systems results in sporadic sparse channels in
5G networks. Compressed sensing efficiently manages sparse channels by limiting the input related to unknown variables and solving an underdetermined linear
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equation system.The sparse channel matrix of 5G systems, characterized by a limited number of significant non-zero components, is used in the sparsity-based
optimization problem within compressed sensing. The objective is to reconstruct the sparse channel matrix H given a limited set of incoming pilot symbols Y. This
problem can be characterized as an optimization problem aimed at minimizing the 1, norm of the channel matrix to improve sparsity and ensure a close match
between the expected and observed signal.

H = argmin ||H|| subject to||Y — PH||2 < €
H

[|H||; is the I;-norm of H, which promotes sparsity by minimizing the sum of the absolute values of the channel coefficients,

|lY — PH||% is the l,-norm, ensuring the received signal Y and predicted signal PH are close, with an error tolerance € accounting for noise.

The 1; norm represents sparsity more effectively than the I, norm, which is commonly used to allocate energy among multiple coefficients. Solving this
convex optimization problem requires accurate channel estimation, which requires a limited amount of data with appropriate non-zero channel components. This
method is used in large-scale MIMO systems within 5G, incredibly when pilot resources are limited.

3.3 Recovery Using Orthogonal Matching Pursuit (OMP)

Orthogonal Matching Pursuit (OMP) is a widely used greedy algorithm to recover sparse vectors from underdetermined linear systems in compressed
sensing, especially in sparse channel estimation. The initial phase in the iterative development of the sparse channel matrix involves identifying the most significant
columns in the measurement (or pilot) matrix that correspond to the residual signal at each level. The channel matrix H in 5G MIMO OFDM systems is sparse due
to limited multipath propagation at millimeter-wave frequencies and large MIMO channels. Orthogonal matching pursuit (OMP) is used in sparse channel
estimation techniques. By carefully selecting the most significant columns of the pilot matrix P to construct the sparse channel vector H, OMP uses fewer inputs
than conventional methods such as LS or MMSE.Orthogonal Matching Pursuit is a valuable method to address the optimization challenges of sparsity in channel
estimation. It also reduces the number of non-zero components in the solution while accurately capturing the input signal. These components improve processing
and optimize pilot signals, making them essential for 5G systems with large antenna arrays and high data rates. OMP improves computational efficiency by avoiding
complex methods such as L1 minimization (basis pursuit) and the need to solve a convex optimization problem using a greedy approach for sparse channel recovery.

OMP Algorithm
Input:
P € CNPXNt
Y € CNoXNy
Begin ()
I'(]:Y
s=0
k=0
for each i
Column Selection: i, = argmin|P"r|
H

Update Support Set: S < S U {r}
End for

Least — squares Computation: xg = argmin||Y — Pg,||3
X

Update the Residual: 1, < Y — Pg,s
End

IV. RESULTS AND DISCUSSION

The performance of the proposed model is evaluated in terms of symbol error rate, signal-to-noise ratio, bit error rate, mean square error, channel
capacity, throughput, and spectral efficiency. Figure 2 shows that Facebook MCMC, OFDM, and the hybrid optimal model consistently exhibit the lowest symbol
error rate at all SNR levels. At a signal-to-noise ratio of 0 dB, the proposed model achieves a symbol error rate of 0.18, while FBMC and OFDM yield rates of
0.22 and 0.25, respectively. At a signal-to-noise ratio (SNR) of 20 dB, the proposed model exhibits a symbol error rate (SER) of 0.0005. The symbol error rates of
FBMC and OFDM are significantly different, recorded at 0.008 and 0.001, respectively. The proposed technique shows a 30 dB improvement over FBMC, which
is 0.00002, and OFDM is 0.00004, achieving a symbol error rate of 0.00001. With its excellent error reduction capabilities, the proposed model is particularly
beneficial for 5G networks under high SNR conditions.

SNR vs Symbol Error Rate Comparison
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Figure 2: Comparison of SNR and SER

As shown in Figure 3, OFDM and the proposed hybrid model, FBMC, have the lowest BERs at all signal-to-noise ratio levels. Compared to the BERs
0f 0.10 for FBMC and 0.12 for OFDM, the proposed model's BER of 0.08 at 0 dB SNR is significantly higher. With a 30 dB SNR and a low BER of 0.00005, the
proposed model performs better than Filter Bank Multicarrier (0.00008) and Orthogonal Frequency Division Multiplexing (0.0001). This illustrates how the
proposed approach improves error performance and noise immunity, enabling reliable communications in 5G networks.
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Figure 3: Comparison of SNR and BER

As shown in Figure 4, the proposed hybrid model consistently outperforms OFDM, FBMC, and the other techniques in terms of MSE and SNR. As a
result, the channel estimation is likely to be more accurate. When the signal-to-noise ratio is 0 dB, the mean square errors of OFDM and Facebook MC are both
0.10. As a result, the mean square error of the proposed model is much lower. With an MSE of 0.002 and an FBMC of 0.0003 at 30 dB SNR, the proposed approach
outperforms OFDM. The proposed hybrid approach shows that channel estimation in 5G networks becomes more accurate and economic as the SNR level increases.
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Comparison of Channel Capacity and Throughput with SNR

——

OFDM

—&— FBMC
—i— Proposed Model

0

5 1o 15
15 10 &
SN (e 20 25 &
) 00 0 &
o

30 8
re)
25 2
s
20 %
15 5
—]
10 ¢
K =
5
E-IN

Figure 5: Comparison of SNR, Channel Capacity, and Throughput

The performance variations at certain SNR levels can be evaluated using the throughput and channel capacity studies shown in Figure 5 for OFDM,
FBMC, and the proposed hybrid model. Although the OFDM and FBMC algorithms provide 0.8 Mbps and 1.0 Mbps, the proposed hybrid method achieves 1.1
Mbps at 0 dB SNR. The reduction in performance is achieved in part by a higher signal-to-noise ratio. With a 10 dB SNR throughput of 11.0 Mbps, the
recommended approach beats OFDM's 8.5 Mbps and FBMC's 10.2 Mbps. Although OFDM and Facebook MC achieve throughputs of 18 Mbps and 20.5 Mbps,
the proposed hybrid architecture achieves a throughput of 22.9 Mbps at 20 dB SNR. Although Facebook MC and OFDM have throughputs of 30.1 Mbps and 27
Mbps, the proposed method offers a throughput of 33.7 Mbps at 30 dB SNR. The results show that the proposed hybrid model maximizes the given channel

capacity, especially at high SNR levels.
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Spectral Efficiency vs SNR Comparison
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Figure 6: Comparison of SNR and Spectral efficiency

OFDM consistently surpasses both FBMC and TDM across all SNR levels, as demonstrated by the hybrid model's spectral efficiency and SNR analysis

in Figure 6. The hybrid model proposed in this study surpasses the 0.5 bits/s/Hz of OFDM and the 0.6 bits/s/Hz of FBMC, attaining a spectral efficiency of 0.7
bits/s/Hz at low SNR (e.g., 0 dB). The suggested model's performance is enhanced with rising SNR; at 30 dB, it attains 11.2 bits/s/Hz, representing a 17.9%
improvement over OFDM and a 6.7% enhancement over FBMC. The principal objective of 5G networks is to enhance throughput, and our ongoing research
indicates that the suggested method effectively optimizes the available spectrum under high-SNR conditions.

V. CONCLUSION

This study proposes a hybrid optimal channel estimation model to overcome the limitations of both OFDM, which is constrained by cyclic prefix

overhead, and FBMC, which is hampered by orthogonality issues. Orthogonal Matching Pursuit (OMP) and alternative sparse channel estimation techniques

improve

the channel prediction accuracy of the proposed model for 5G MIMO systems at elevated signal-to-noise ratios. The hybrid model outperforms both

OFDM and FBMC at all SNR levels, as assessed by performance metrics such as BER, SNR, channel capacity, throughput, and spectral efficiency. The approach
outperforms OFDM and FBMC regarding spectral efficiency (11.2 bits/s/Hz) and throughput (33.7 Mbps at 30 dB SNR). Applications such as enhanced mobile
broadband and ultra-reliable low-latency communications require reduced latency, improved throughput, and increased spectrum efficiency, making the hybrid
architecture suitable for 5G networks. The results show that systematic and consistent channel prediction improves the overall efficiency of 5G systems.
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