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Abstract

In multiple input multiple output-orthogonal frequency division multiplexing
(MIMO-OFDM) systems, efficient pilot design (PD) and channel estimation
(CE) greatly influences the reliability and robustness of pilot-based CE methods.
But, accurate estimationof the channel remains a challenge in a high-mobility
environment with non-linear channel characteristics. Many techniques have
been introduced to overcome the pilot contamination and CE problems in the
MIMO-OFDM system to overcome this issue. However, these techniques take
multiple paths at the receiver, resulting in delay spread and interference in the
communication. Hence, this study presents a novel deep learning (DL) based
technique for channel estimation based on channel state information (CSI). A
DL technique based on a hyper convolutional neural network (Hyper-CNN)
is introduced for the optimal pilot design. The selection of the pilot position
can be made using the tunicate swarm optimization (TSO) approach. Finally,
a DL-based long short-term memory (LSTM) model is proposed for the CE in
the MIMO-OFDM system. The proposed method is implemented in the MAT-
LAB platform, and the outcome is compared under different metrics like mean
square error (MSE) and bit error rate (BER). In the experimental scenario, the
proposed method attains the BER of 0.20 and 0.03 for CP (cyclic prefix) and with-
out CP, respectively. In addition, the proposed method attains the MSE of 1.14,
0.99, 1.08 and 0.97 for 8, 16, 48 and 64 pilots, respectively. The performance of a
proposed method is compared with the existing method and proves the efficacy
of the proposed method.

1 | INTRODUCTION

The enormous growth in the area of wireless communication (WC) for multiple types of users with better quality ser-
vice requirements continues in the following years. Further, due to the advancement of vehicular communication and
high-speed railways, MIMO-OFDM in high mobility environment has become a hot research topic.! fifth generation (5G)
have been introduced by hybridizing various technologies like massive-MIMO (M-MIMO), millimetreWave (mm-Wave)
communications and reconstructing surfaces for managing fast growth in reliable communication and wireless
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data traffic.? OFDM is employed in 5G technology to resist the fading effects and provides better communication quality in
multiple path propagation environments. Moreover, the OFDM enhances the SE compared to the single carrier model.>*

MIMO-OFDM can exploit space, time and frequency resources to improve the transmission rate, spectral and power
efficiency. Recently, it has been a major technology of broadband WC systems. Obtaining exact CSI by CE is essential
to realize the high potential of the MIMO-OFDM model. CE should be known in the base station (BS) to perform the
pre-coding. Further, CE is required to detect both MS and BS receivers® accurately, and it is important to evaluate CSI
with better performance.

In addition, it is essential to realize pre-coding, detection of the signal, and physical layer protection.5® Based on the
need for a pilot signal, CE is categorized into blind, decision, and pilot-based CE. Blind CE does not require a pilot signal
and performs CE by the second-order mathematical information of the received signal.® The pilot-based CE is intended
to include the pilot symbol in the transmitted signal, and the receiver evaluates CE based on the obtained pilot signals.
It is mainly utilized CE compared to blind CE because of their ease of evaluation and the decision based utilize pilot and
detect data symbols and update CE.°

When MIMO-OFDM is initialized, pilots are periodically transmitted to the entire subcarrier in blocks. To decode the
exact signal, the CSI and its effects at the receiver must be identified.!!~!> To reduce overhead in pilots, orthogonal-based
comb pilots are generally utilized, where the data in the pilot is evenly distributed in each OFDM with some specific
subcarriers. However, it cannot be utilized in selective frequency channels. The block pilot is used for this case, which
periodically transmits the pilot in entire subcarriers. Integrating comb pilots and block pilots is also possible but leads to
high computational complexity. This integrated pilot achieves less accuracy in CE.!6-20

The developing trend in future-generation WCs predicts that the integration of different communication designs,
transport alternatives, and switching technologies will become more significant. The techniques used in MIMO-OFDM
improve the performance of the WC system by increasing transmission speed, channel capacity, and bit rate. MIMO
employs multiple antennas for transmission and reception to take advantage of multipath propagation. Only minor
research has been reported to improve the OFDM-MIMO system’s BER. However, increasing the capability of a system
remains a challenging task. Hence, an effective approach to data transmission in the MIMO system is required. Even
though peripheral research is conducted in this field, existing MIMO techniques are highly suffered due to transmission
circumstances with larger power consumption. These major drawbacks motivate to develop an enhanced approach to
overcome the transmission circumstances in the MIMO system.

1.1 | Motivation

For the MIMO-OFDM system, the correct CE with low pilot overhead is necessary for beamforming and chan-
nel detection. But it is difficult to estimate the high dimensionality of MIMO-OFDM using low training overheads.
Developing an efficient CE model is complex because of non-stationary and fast time-varying channels. The CE
process generally utilizes linear minimum MSE (LMMSE) and least squares (LS) algorithms. However, they are
unsuitable for high mobility cases. Further, the traditional models suffer from degradation in performance due to
a serious lack of the prior CE. Then the traditional interpolation algorithms cannot perform well in high-mobility
environments.

During the last two decades, DL methods have been used in WCs like CE, data detection and channel state infor-
mation (CSI) to achieve better performance. Generally, the MIMO-OFDM model has multi-subcarrier channels and a
transmitter antenna pair; hence several channel variables must be estimated. The conventional pilot-based CE models
have a high pilot and huge feedback overhead. Due to this, major losses occur, and performance like energy efficiency
and spectral efficiency is affected. The CE performance is based on the positions transmitted by pilots in a time-frequency
grid. However determining such positions are a challenging task to DL algorithms. But, the HyperNet CNN based DL can
potentially utilize the correlation of adjacent components in frequency, time and spatial domains. Hence, in this work, an
optimization-based CNN-based model is used to find the optimized pilot pattern and using this pilot output, LSTM based
CE process is performed. This model is developed to analyze the efficiency of hyperNet CNN-LSTM over the CE process
and its impact over the performance enhancement. The TSO used in the proposed model not only enhances the perfor-
mance but also achieve efficient result in less cost and complexity for large processing environment. This merit enhances
the efficiency of overall model by selecting the optimal pilot. TSO based optimal pilot selection automatically enhances
the CE performance in MIMO-OFDM communication.
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1.2 | Related works

Some of the recent existing algorithms used in the pilot design and CE are listed below:

Shalavi et al.?! introduced downlink CE from frequency division duplex (FDD) on M-MIMO using partial spatial
and sparsity models in which the vectors were defined in multi-phases. This work establishes the modified Adaptive
Structured Subspace Pursuit (M-ASSP) to solve the sparse model, and the estimated set of every phase was utilized for
estimation. It was considered that the spatial pattern of antennas in every group has an equal and unequal part. Then,
the proper PD was determined based on a tiny correlation among the sensing matrix columns. This model obtained
average normalized mean square error (NMSE) and BER performance than the LS model in a similar simulation
environment.

Sun et al.?? introduced a CE model with the least pilot overhead in filter bank multicarrier (FBMC) with offset quadra-
ture amplitude modulation (OQAM). Half of the pilot overhead was used to transmit data and remove the imaginary
interference. The proposed model minimizes the pilot overhead without the pilot energy requirement. Compared to
traditional models with three-column pilots, the FBMC-OQAM model required only two-column pilots.

Nandi et al.?® presented a CE model of M-MIMO-OFDM using Elman Recurrent Neural Network (ERNN). This work
aimed to resolve ISI in the transmitter and receiver filter. The ERNN was used to estimate the M-MIMO-OFDM channel,
which considered scalability and reliability. Performances like BER, throughput, capacity, and peak-to-average power
(PARP) ratio were considered for the evaluation. After the epoch of 40, this model obtained a PARP ratio of 0.127. In
addition, the CE using ERNN was compared with other DL models.

Le et al.?* introduced ML based 5G and beyond CE for the MIMO-OFDM model. The major aim of the work was to
use the new CE model with the DL model Bi-LSTM to improve the CE obtained using the LS model. This work considered
several channel path profiles for network prototypes over the mobility level estimated by Doppler effects. The model was
designed for the random transmitter antennas. The performance of the Bi-LSTM was compared over other models like
LS and LMMSE by varying the pilot densities.

Ponnaluru and Penke?’ introduced a DL model to estimate the channel in OFDM systems. Here, 1D-CNN was used to
estimate the channel and equalization data was recovered. This model used the channel variation features and derived the
additional features from received signals and pilots. The performance of 1D-CNN was compared over other DL models
for several digital modulations. Further, it was proved that this model overcomes the distortion, and ISI complicates the
wireless channels.

Liao et al.?® presented a 2D-CNN-biLSTM-based fast time-varying MIMO-OFDM system. Initially, there were two
phases: offline training and offline prediction. The CSI generated by the training samples were efficiently utilized by
conducting the offline training to the network. The experimentation proved that the proposed model was efficient for the
high mobility scenarios in the MIMO-OFDM system.

Jiangetal.?” introduced CNN-based CE for the MIMO-OFDM system. This work compared the benefits and challenges
of CNN-based CE in various fields. A new dual CNN (d-CNN) and an additional network, HyperNet, were introduced
for CE. The HyperNet was used to detect the variation from a similar input as the d-CNN. The HyperNet was used to
update various parameters and combined with the traditional d-CNN to improve robustness. The experimentation proved
enhanced estimation performance for the time-varying cases.

Vidhya et al.?® developed CE for the MIMO-OFDM system using particle swarm optimization (PSO) and genetic
algorithm (GA). This PSO-GA model outperformed the conventional LS and MMSE approaches using the fine-tuning
ability. Seyman et al.?’ presented adaptive neuro-fuzzy inference system (ANFIS) for CE in a space-time block-coded
model. The ANFIS was trained with accurate CSI and utilized as the channel estimator.

Seyman et al. presented PSO,* differential evolution (DE)3! and ant colony optimizer (ACO)*? models for pilot tones
in the MIMO-OFDM model. Here, the PSO and DE were utilized to optimize pilot tones placement, and the LS was
utilized for CE. Finally, Doppler shifts’ influence on designing the pilot tones was analyzed. Seyman et al.3® presented the
radial basis function (RBF) for CE over Rayleigh fading channel.

Mashhadi et al.?> developed the DL-based model for pilot design and downlinking CE for MIMO-OFDM systems.
The DL model utilized fully connected layers (FC) for pilot design and outperformed the linear minimum mean square
error (LMMSE). The DL model utilized a non-local attention mechanism to learn long-range correlations to enhance CE
performance. During the training process, the efficient pilot reduction model was introduced.

Cheng et al.>* developed maximum likelihood (ML) based adaptive iterative model (AIM) for joint carrier frequency
offset (JCFO) and CE in MIMO-OFDM. Here, the de-rotation was utilized to estimate JCFO and the outcome was utilized
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to apply a frequency domain equalizer. Then, the AIM was utilized to locate the frequency peaks to estimate JCFO. Finally,
the updated JCFO was obtained, and the time variations of parameters were tracked.

1.3 | Contributions
The major contributions of the proposed work are depicted below:

1. To present the pilot-based channel estimation algorithm by reducing the number of pilots and correctly estimate the
channel state information.

2. To introduce the hybrid optimization deep learning model to integrate the functions like pilot pattern and CE.

3. To achieve the optimal pilot position and better CE, the model hyper convolutional neural network (CNN)-tunicate
search optimization (TSO) and long short-term memory (LSTM) is introduced.

4. The simulation outcomes of the proposed model are compared with the metrics like BER and MSE with
CP, without CP, high mobility environment, number of paths and different combinations of transmitters and
receivers.

The remaining sections are organized in the upcoming section: Section 2 demonstrates the system model of a proposed
MIMO-OFDM model. Section 3 presents the developed model. The results and the discussion are described in Section 4.
The conclusion of the proposed study is contemplated in Section 5.

2 | MIMO-OFDM SYSTEM MODEL

Let’s assume BS with N antennas has users U in a single antenna. For the modulation, OFDM with S number of
sub-carriers is used. Figure 1 determines the system model of the CE-based MIMO-OFDM model.

In the transmitter section, the signal gets modulated using 64-bit QAM by introducing a modulation block into the
MIMO-OFDM model. The system with QAM symbols and the particular time slots are integrated to form the data vector
y(s) € CM as,

V() = [y1(8), ¥2(5), ... ym(9)]. €))

Here, M indicates the entire symbol modulation. Based on the transmitting antenna N;, the modulated signal gets
spilt into N; vectors. It can be mathematically formulated as,

Yo(8) = [Vp(8)Ypen,(8)..]  p=1,2, ... Ns. (2)

The signal from every antenna is transferred from S/P, and the pilot signals are inserted with the transmitter and
receiver signal for CE purposes. Let’s assume y;(s) whereas, b = 1, .. ... , N; as the signal vector has inserted pilots into
particular data y,(s). Finally, an IFFT block is given to y;(s); thus, the signal is converted from the frequency domain (FD)
into the time domain (TD).

Vo(s) = IFFT(yp(s)).- (3

After applying FFT, CP is inserted with the length N, as a guard interval to compromise the intermediate inter-
ferences among the symbols using the CP insertion block. With the use of CP, the transmitted signal in TD is
represented by,

[j)\b(s)] m+Np, m=—-N¢c,—Nc+1,..... —1

4)
Pes)] m=0,1.... Nj— 1

Pee(s)],, =
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FIGURE 1 Multiple input multiple output-orthogonal frequency division multiplexing system model.

Here, Nj;; indicates the size of a FFT. The N¢ samples of [ﬁb(s)] are considered as the CP and inserted in the initial stage.
The channel estimation accuracy degrades on the receiver side for high-mobility users. In a high-mobility environment,
channels are time-variant and frequency-selective, reducing symbol transmission due to Doppler spreading. This Doppler
Effect can be mathematically formulated as,

DF)=—— 1 F<F, (5)

Here,F; indicates the maximum Doppler shift, and it is represented as, F4 = % Here, v indicates the speed (m/s), F.
indicates the carrier frequency, C indicates the speed of light having the value 3 x 10°.
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The Rayleigh channel is used for signal transmission, described in the FS and time-variant channel model. This can
be mathematically formulated as,

L-1
Hey(e.8) = Y Hyp(ey — ) » e/l2oi(me)=2ekan], (6)
1=0

Here, | indicates the index tap, H; indicates the I'" resolved amplitude and «; denotes the Jth tap delay. fp; =
v(s)f. cos(;)/c represents the Doppler frequency for both transmitter and receiver, v(s) indicates the relative velocity, 6,
signifies the phase angle and c indicates the light speed.

The received signal for the multipath Rayleigh channel with the transmitted signal can be mathematically
expressed as,

N,
Rea(s) = D Hiey(t,8) @ yen(s) + ia(s). @
b=1
Here, H, ,(a,5) = [Hyy(@1s), . ... Hyy(as)], Ma(s) indicates the additive noise vector.

In the receiver side, CP is eliminated from the received signal X.,(s) in every antenna using the CP elimination block.
The signal is then transformed into an analogous form and is given to the FFT block. The FFT block converts the TD
signal into an FD signal, and it is expressed as,

Xa(8) = FFT(Xa(s)). (3

The pilots are extracted from the FD signal to estimate the channel accurately. After CE, the signal is demodulated in
the demodulation block. The final signal from the MIMO-OFDM system is generated as a data sequence in binary form.

3 | PROPOSED METHODOLOGY

The hybrid processing model is utilized for the MIMO-OFDM system to reduce the cost and complexity. CE plays a
major part in the network’s performance of the system. But, the accuracy of CE is affected due to the interference, com-
plexity and pilot resources. LS (least squares) estimation is generally used to achieve CE, and this model has a large
estimation error. Recently, Deep learning (DL) based models can increase the performance of CE, specifically in extreme
environments.

Further, deep learning models have significantly improved communication reliability and minimized the sys-
tem’s complexity in the MIMO-OFDM model. This work proposes a DL model for pilot design and CE to
enhance the accuracy of CE with low pilot overhead. Here, a downlink CE for the MIMO-OFDM model is con-
sidered. The main goal of this work is to use the better feature extraction capacity of optimized Hyper-CNN
to train the LSTM network for accurate channel estimation. This work introduces optimized hyper CNN-LSTM
comprised of hyper CNN-Tunicate search optimization (TSO) and LSTM. Initially, optimized hyper CNN is
used to find and select the optimized pilot design during the training process, and LSTM is to estimate the
approximate CE.

3.1 | Optimal pilot design

In this model, the MIMO with channel impulse response (CIR) model is introduced with transmitternr and receiver
antennas n,.>> OFDM is used to modulate the signal at the transmitter side (ir) and CP is introduced to protect the input
signal. Then, the CP is removed at the receiver end (ig) which is defined in Equation (9),

nT
Yi, = ZXI‘T ® Hi i, + Wi, ©)

ip=1
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where, X i, indicates the transmit signal and ® indicates transmit signal for the circular convolution of CIR H ipig- LHen,
the CIR for iy and iy is represented in Equation (10),

ir,ig ipig* (10)

H, , = diag <1_5iTiR> G

Between iy and ig, the available normalized power delay is indicated as (13,-,1‘1-,{ ) € R the random Gaussian variable

containing unit vector is indicated as (G ) e cbx,

irig
Due to circular convolution, each channels in the frequency domain are in diagonal position, and the obtained signal
at the i (receiver antenna) is shown in Equation (11),
/ e / /
YiR = Z (X;,J.T +Xc/i,iT>HiT*iR + W,‘R, (11)

i=1

where, the diagonal matrix corresponding to pilot or data sequence d (i.e.s € {p,d})isindicated as, X’ P = diag (X ! i ) The

vector form of AWGN channel at the receiver antenna irhaving variance UIZ/V isindicated as WL{R. The total pilot subcarriers
at the frequency domain is found lesser than the data subcarrier, that is Ak > 1. However, only a few ubset of observations
having samples Np = [N/Ak] will be used for pilot-aided CE, as the selected subset carries required information about
pilot. The signal received by subcarriers suitable for pilot design is represented as,

nT
Yi, = D (Xps, +Xag,) Hips + Wi, (42

R
iT=1

3.1.1 | TSO based pilot design

Recently, many techniques have been introduced to select the pilot position accurately. However, the conventional
approaches are highly suffered because of time complexity and errors during data transmission. To overcome this, a stable
optimization technique named tunicate swarm optimization (TSO)% is introduced to select the pilot position with low
time complexity accurately. The tunicate is one of the marine invertebrates which emits a brighter bio-luminescence. The
unknown behavior of ocean tunicates highly inspires it due to their foraging process. Based on the three constraints, the
mathematical formulation is manipulated. The three constraints are utilized: avoiding disputes between the exploration
agents, succeeding in a position of the most intelligent agents and finally, near the optimal agents.

3.1.2 | Avoiding disputes among the pilot exploration

By avoiding inter-pilot disputes, a better position can be chosen. The new pilot position is mathematically formulated as,

B=4, (13)

N
fI:r2+r3—f), (14)
D=r 2. 15)

Here, B represents the new pilot position vector, H indicates the false pilot position, D indicates the pilot interference,
11,72, 3 manipulates the random numbers. The public forces between the pilots are gathered in a new vector, and it is
mathematically formulated as,

N = [Qmin + 71 * Qmax — Qminl, (16)
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whereas Quin and Quax have the values 1 and 4, and it is represented as first and second subordinates, respectively.

3.1.3 | Succeeding the position of most intelligent pilots

Based on the present best pilots, the optimal position is chosen accurately. The best position of the intelligent swarm can
be chosen after confirming that no disputes arises between the agents. It is mathematically computed as follows:

Qﬁ‘ = |Ybest — Crand * Qp(y)| 17)
Here, QF indicates the dimension between the optimal pilots and the pilot placement, Y.y indicates the best position,
Cranq indicates the random value with the range [0, 1] and Q,(y) signifies the pilot position during the y™ recursion.
3.1.4 | Getting near to the optimal pilots

The position is updated to ensure the search pilots from the adjacent best pilot. It can be mathematically expressed as,

o Yoest + BX QF, if Crana > 0.5
Qp(y) = best Q_, f rand ' (18)
Ypest — B X QF, lfcrand < 0.5

Here, ép(y) indicates the position updation of each pilot at recursion y to the best pilot position Ypes.

3.1.5 | Swarming behavior

The swarming behavior of tunicates can be manipulated by updating the position of a present pilot, and it can be
formulated as,

n QM +Q0+1D)

QU+1) i 19)

3.1.6 | Fitness function

Finally, the best pilot position can be updated by minimizing the MSE during data transmission. The minimization of
MSE is considered a fitness function. It is represented as,

Fitness function = min(MSE). (20)

Algorithm 1 shows the pseudocode of TSO, and to clarify the TSO, the steps followed in the TSO are given shortly
below:

Step 1: Start with the initial tunicate population ép.

Step 2: Set the parameters to the original value and the highest number of recursion.

Step 3: Calculate the fitness of each pilot in the exploration stage.

Step 4: After evaluating fitness value, the best pilot in the search space is examined.

Step 5: Positions of each exploration pilot are updated using Equation (19).

Step6: Return to the newly updated pilot within the limit.

Step 7: Calculate the fitness cost of an updated search pilot (_jp and gather the best solution as Ypes.

Step 8: If the termination condition is satisfied, stop the operation. Otherwise, repeat the process from steps 5-8.

Step 9: Finalize the best optimal solution Y.
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Algorithm 1. : Pseudocode of TSO

Input: Initialize tunicate population ép.
Output: The best optimal solution Ypeg.

Initialize the parameters like f?, H , D and max _iter
while y < max_iter) do
forj < 1to2do
Calculate the fitness of each pilot using Equation (20)
Avoiding disputes among the pilot exploration using Equations (13)—(15)
Getting near to the optimal pilots
if cpang > 0.5 then

Update Ypesr + B X QF,
else .
Update Ypesr — B X QF
end if
end for
Compute swarming behavior using Equation (19)

Update the parameters like ]§’, H ,and D
y=y+1

end while

Return best optimal solutionYj,.

end

3.2 | Channel estimation using the LSTM model

The sparse massive MIMO system is assessed by suggesting a deep CNN-LSTM model channel estimator after developing
the optimal pilot training data selection. A channel is referred to as sparse if its length is greater than the number of
multipath channels.?’

CN)=Vy+y In(In(L))(N + 1), (21)

where, Cindicates the generalized Akaike information, y is used to represent path losses exponent of user, N indicates
signal length, and error reflected by channel to particular length is represented as Vy.

CE is one of the key roles in WC since the speed and precision of channel estimation greatly influence the per-
formance and capacity of communication. Hence, this research uses a DL-based LSTM model to estimate the channel
accurately. The network structure of the LSTM model is separated into three parts, namely the input layer (IL), hid-
den layer (HL) and output layer (OL). The input data is transmitted through the IL, and the LSTM cells are in the HL
and the OL evaluates the estimated channel. The LSTM cell consists of an input gate (IG), forget gate (FG) and an out-
put gate (OG). The optimized pilot and transmitting signals are given as input to the input layer. Then, the input gate
analyses the input data and eliminates the unwanted information that enters the memory unit. The FG f, determines to
eliminate the unwanted previous state information c,_; from the cell. The combination of both FG and IG updates the
memory cell state c;. The OG determines the outcome to be outputted. The following formulation determines the LSTM
network model:

fo = a(wr[Hs_1,y5] + By), (22)
8 = a(Wg[H -1.Ys] + Bg), (23)

C; = tanh(w¢[Hs_1,¥s] + B), (24)



10 of 22 Wl LEY SILPA ET AL.

Cs = fy % co_1 + s X L, (25)
Os = c(Wo[H;_1,ys] + Bo), (26)
H, = O, X tanh(cy). 27

Here, c; and H; signifies the cell state (CS) and output, respectively, c¢;_; indicates the CS, H,_;represents the previous
cell output. wy, wg, wy and w, indicates the weight matrix of IG, FG, OG and CS, respectively. by, bg, by and b, signifies
the bias vector of IG, FG, OG and cell vectors, respectively. The LSTM-based channel estimator uses circular orthogonal
sequences, which is much better than the LS estimator. Based on the hyper-network training, the number of pilot blocks
converges. Similar rules are fed to the pilot sequence, and each transmitter must be orthogonal. Figure 2 illustrates the
schematic diagram of the LSTM model.

As the number of pilot sequences increases, pilot overhead and contamination may occur automati-
cally. But its orthogonal property improves the estimation accuracy of different antennas via a correlation
operation.

Let’s assume the number of transmitters as M; with the pilot blocks P; and P, are introduced based on
the Zadoff-chu series. With the length L, the zadoff-chu sequence can be formulated and is mathematically
formulated as,

s 125 . .
20) = exp(jzl?i/L) if L is even ' .
exp(jzl(i+1)/L) if Lisodd

—{

o

Input Channel Ouput Channel
response response
Input layers Hidden LSTM layers Output layers
_________________________________ |
c » y N c
(<) { +) [ |
</ </ e

—>

~
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l 5
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-}:
| » model
b e 1

FIGURE 2 Schematic diagram of the long short-term memory model.
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Here, [ indicates the I"* symbol sequence, i indicates the co-prime integer. The m™ transmitting antenna with the
zadoff-chu sequence can be generated using the following expression:

zZr=z(l+@F-1)el) r=12,... .. , M. (29)

Here, € indicates the shift step. By adding CP, the blocks are constructed. The initial P number of symbols is
replicated, and cyclic postfix is integrated. To eliminate the ISI, the channel delay must be less than the length
of a CP.

After removing the CP from the receiver side, the signal S for the n'" receiving antenna and the channel response from
the transmit antenna to the receiving antenna is represented as,

L-1
Fn(q) = <%)§zr(l)5(l +q@. q=12....Q (30)

The hyper-CNN network starts training after predicting the channel from the LSTM model. Let’s consider the time
series channel response as, (H(1)H(2) - - - H(m — 1)H(m)), whereas H(m) represents the channel response at a random
time. The input sequences for the set of channel responses are fed to the LSTM network, and the final data indicates the
output label.

Let’s consider the sliding window with the dimension d, and training begins with the first s vector of a time series
channel response. The existing d — 1 vector is considered input to the LSTM network. When the new channel response
has arrived, the vector window moves one step forward. This process is done continuously until the channel accurately
converges. After training the pilot block in an LSTM network, it is implemented to analyze the probable channel response
in the data block.

To update the LSTM network, the channel responses are resent for training. A probable training loop is generated
and trained until all communication in the data block completes. The main advantage of this LSTM model is that it can
predict channel estimation according to the recursive loop.

3.3 | Training process using hyper-CNN model

Generally, the MIMO-OFDM system is highly affected due to pilot contamination. This contamination occurs
during uplink transmission when the receiver uses similar orthogonal signals. Recently, many techniques have
been contemplated to design optimal pilot sequences in the MIMO system. But, those techniques are highly suf-
fered due to computation complexity and increased pilot overhead. Hence, an optimal DL-based hyper-CNN tech-
nique is introduced to overcome the pilot contamination effect in the MIMO system. The hyper-CNN model
consists of multiple trainable parameters which can adapt well under high noise power and increased channel
statistical state.

Figure 3 demonstrates the hyper-CNN architecture. To achieve more adaptability, an extra spatial frequency con-
volutional neural network (SFCNN) is used, which can be under noisy input. In addition, the adaptive dilation
convolutional neural network (ADCNN) approach is introduced to reduce the noisy input without affecting the
system channel. In contrast, the noise and the channels are integrated into the SF domain, and channel correla-
tion is considered the key SFCNN denoiser. The predicted channel from the LSTM model is given as input to the
hyper-CNN. The input is convoluted using 3 x 3 filters and increases twice by 3D and the ReLU activation function.
The down-sampling process degrades the initial 2D in half. The down-sampling and convolution process is repeated
double times. The FC layer is utilized to produce the output of trainable parameters. The sigmoid function allows
the output from 0 to 1, and triple trainable parameters are multiplied with SFCNN’s output and control the lim-
itations in SFCNN. The operation occurs in hyper-CNN, and trainable parameters are represented as ppype(.) and
Pryper(.), Tespectively. There are three resultant parameters, and it is represented as, ¢ = [¢1, ¢2, ¢3]. It is mathematically
formulated as,

¢ = Dhyper (ITILSTM; ﬂhyper)- (31)
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FIGURE 3 Architecture of hyper convolutional neural network model.

Here, fryperindicates the training parameters in hyper-CNN and H stv 1S LSTM trainable parameters. The outcome of
hyper-CNN can be mathematically formulated as,

3 3
H= D—1< CNN<D< Z«pmﬁSF); m) + D( Zm%)) (32)
m=1 m=1

Here, the output of m” SFCNN is represented as, ﬁsp, the domain transform (time) process and its reverse process
(frequency) is denoted as D(.) and D71(.).

To improve the training process, three major steps are undertaken.

Initially, ADCNN is trained throughout the training process without using SFCNN. This training process can be
mathematically formulated as,

2

D™ ( CNN(D<I~JLSTM> ; ﬁAD) + D(ﬁLSTM> - H) (33)

,B~AD = arg min .
Bap 2
The ADCNN uses end-to-end processes to improve performance during training and testing. The CNN training mainly
relays on ADCNN for SF domain pre-denoising. Hence, the ADCNN is trained separately to enhance the performance
under the untrained part in which the SFCNN are not applicable.
Three main categories are required for better training of SFCNN. But, the outcome of SFCNN is less, and the whole
training process can be mathematically formulated as,

2

D! (fer(D(Hsr ): Ban ) + D(Hsre) ~ H) (34)

ﬁNSF = arg min
Bsr 2
The proposed method shows better performance compared with the traditional CNN technique. Due to hybrid SFCNN
and ADCNN approaches, it can work well even in untrained categories. Table 1 tabulates the hyperparameters of a
proposed system.
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TABLE 1 Hyperparameters of the proposed system.

Hyperparameters
Learning rate
Batch size

Epoch

Drop factor
Optimizer

Hidden units

Filter size of hidden layers
Loss

Input dimension
Output dimension
LSTM neurons
Training samples
Testing samples
Validation samples
Number of paths
Doppler frequency

Proposed hyper CNN-TSO-LSTM model
0.01

1000

100

0.1

TSO

16

100

MSE

256

256

256

128 000
10000
32000

20

36-200 Hz

4 | RESULTS AND DISCUSSION

The proposed method is implemented in the MATLAB tool. The performance of a proposed model is compared with
different metrics like BER and MSE with CP, without CP, different channels and different pilot numbers. For experimen-
tation, 50 transmitting and 50 receiving antennas are used with the 128 subcarriers. In the OFDM model, 2500 symbols
are used along with CP. The total BW of 3kHz with a carrier frequency of 2.6GHz and CP length of 16 is considered.
The maximum delay spread is about 6 us. In addition, the Rayleigh channel model is used with 64 QAM modulation
for effective modulation of the transmitting and receiving signal. Table 2 shows the simulation parameters of a proposed
system.

TABLE 2 Simulation parameters.

Parameters Values
Number of paths 20
Doppler frequency 36-200 Hz
Fading channel Rayleigh
Modulation 64 QAM
Transmitting antennas 50
Receiving antennas 50
Subcarriers 128

BW 3kHz
Carrier frequency 2.6 GHz
CP length 16

Delay spread 6 us
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4.1 | Performance metrics

The BER is the ratio of number of errors on the receiver side to the total number of bits at a transmitter side.

number of error bits at the receiver
BER = : A (35)
total number of bits at the transmitter

MSE is the average of square of the difference between original and calculated value.
1 v ~\2
X==3(G-G)" (36)
m u=1

Here, X signifies the MSE, m denotes the number of data used, G, signifies the actual value and (~}u signifies the

calculated value.
The NMSE is the normalization of a MSE under varying signal power. It can be mathematically formulated as,
h— hl|2
NmsE = Ml (37)

IAll%,

Here, e indicates the error signal, & and 1 indicates the real and predicted channels, respectively.

4.2 | Analysis of channel estimation using the LSTM model

This section illustrates the analysis of CE using the LSTM model. Figure 4A,B determines the accuracy and loss
curve under training, testing and validation. For analyzing the superiority of the proposed method, a total of 100
epochs are considered. From the graphical illustration, it is clear that the proposed model obtains high training
accuracy of 95%. For the validation process, the accuracy attained about 94.9%, and for the testing process, the
accuracy attained about 93%. As the number of epochs increases, the accuracy automatically enhances. In addi-
tion, an error of 0.01 is obtained for the training process. For the testing and validation, there is an error of

0.1 and 0.5.
100 T T . . 45 .
" MWM‘ i " Train
80 - "M ] 47 Validation | |
F Test
| 35+ 1
i
60 | 1
3 L .
|
: | |
5 40t : Tra}n ) 1 2 25r 1
8 | Validation j
< I‘ Test 2F —
20 ) 1
f 15F 1
I | Y |
0.5 8
220 | L | |
1 25 50 75 100 0
Epochs 1 25 50 75 100
Epochs

(A) (B)

FIGURE 4 Accuracy and loss curve for training and testing samples, (A) accuracy curve and (B) loss curve.
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4.3 | Performance comparison of the developed model with conventional models

In this section, the performance of a developed method is compared with various optimization and DL techniques. Some
performance measures, such as BER and MSE, are analyzed under CP, channels, and pilot numbers. The graphical
illustration proves that the proposed system works better than conventional techniques.

Figure 5 illustrates BER performance under various existing methods for 64 pilots. Figure 5A demonstrates the BER
performance with the presence of CP. From the graphical illustration, it is clear that the developed technique shows out-
standing performance compared to other techniques. The error is reduced by automatically increasing the signal-to-noise
ratio (SNR). The CP overcomes the ISI by converting a linear convolution into a circular convolution. Therefore, it
enhances the spectral efficiency performance. The existing LS technique shows the worst performance for higher pilots.
For SNR =20dB, the existing MMSE, LS and the proposed LSTM attain the BER of 0.77, 0.74, and 0.0011, respectively.
Figure 5B demonstrates the BER performance without the presence of CP. The graphical illustration clearly shows that
the BER can be reduced without using CP in the MIMO-OFDM model. The absence of CP degrades the spectral efficiency
gradually. For SNR =20dB, the existing MMSE, LS,?* and the proposed LSTM attains the BER of 0.23, 0.14, and 0.0016,
respectively.

Figure 6 illustrates the BER performance under various existing methods with 8 pilots. Figure 6A signifies the BER
performance with CP under fewer pilot numbers. The graphical analysis show that, the BER is reduced when the SNR
gets increases. When fewer pilots are used, the training time increases, resulting in time consumption and computational
complexity. Thus, the performance also decreases when fewer pilots are utilized. For the SNR =20 dB, the existing MMSE,
LS,* and the proposed LSTM attain the BER of 0.20, 0.13, and 0.10, respectively. Figure 6B signifies the BER performance
without CP under fewer pilots. The graphical illustration shows that the error increases without CP, and the performance
of a network model decreases during channel estimation. For the SNR = 20 dB, the existing MMSE, LS,?* and the proposed
LSTM attain the BER of 0.70, 0.81, and 0.05, respectively.

Figure 7 illustrates the BER performance under various optimization techniques. Figure 7A indicates the BER per-
formance with eight pilot numbers. The graphical illustration clearly shows that the existing optimization techniques
have a higher error than the proposed TSO technique. In general, the smaller pilot numbers cannot improve system effi-
ciency. However, the proposed method gradually improves spectral efficiency more than ADAM and SGDM techniques.
For SNR =20dB, the existing ADAM, SGDM, and the proposed TSO techniques attain the BER of 0.26, 0.052, and 0.003,
respectively. Figure 7B indicates the BER performance under 64 pilot numbers. The proposed MIMO-OFDM model shows
its enhanced performance under more pilot numbers. A system with high pilot numbers can efficiently reduce the error

10° 10°

BER
BER

—p— LSTM Pilot-64 with CP
—l— MMSE Pilot-64 with CP
F |=#=—LS Pilot-64 with CP

—p— LSTM Pilot-64 without CP
102} |—#—MMSE Pilot-64 without CP
—3¥— LS Pilot-64 without CP

10

-3 ‘ . ‘
10 0 5 10 15 20

0 5 10 15 20 SNR (dB
SNR (dB) (dB)

(A) (B)

FIGURE 5 Biterror rate (BER) performance under various existing methods for 64 pilots, (A) BER results with channel estimation
(CP) and (B) BER results without CP.
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FIGURE 6 Biterror rate (BER) performance under various existing methods with eight pilots, (A) BER results with channel
estimation (CP) and (B) BER results without CP.
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FIGURE 7 Biterror rate (BER) performance under various optimization techniques, (A) BER results with 8 pilots and (B) BER results
with 64 pilots.

on the receiving side. For SNR =20 dB, the existing ADAM, SGDM and proposed TSO techniques attain the BER of 0.007,
0.52, and 0.0011, respectively.

Figure 8 shows the MSE analysis under varying SNR. As the SNR is automatically increased, the MSE is reduced.
Compared with the Rician and AWGN channels, the Rayleigh channel performs better during data transmission. The
channel from fading and unwanted data loss is eliminated by using the Rayleigh channel. The Rician channel shows the
worst performance of all channels due to high data loss and poor capability. For the SNR =20 dB, the AWGN, Rician and
Rayleigh channel attains the MSE of 0.37, 0.59 and 0.40, respectively.

Figure 9 illustrates the MSE analysis under pilots 8, 16, 48 and 64, respectively. From the graph, it is clear that the
proposed method improves performance when more pilots are used. With the increase in pilot numbers, the estimation
accuracy remains the same for 16 and 48 pilot numbers. It can be seen that the proposed CNN-LSTM technique has better
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FIGURE 8 Mean square error versus signal-to-noise ratio.
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FIGURE 9 Mean square error analysis under pilots.

robustness to varying pilots for the lesser SNR values. Further, it can also enhance the SE of the MIMO-OFDM system to
ensure CE accuracy. For the SNR =20 dB, the MSE attained the values of 1.14, 0.99, 1.08 and 0.97 for 8, 16, 48 and 64 pilot
numbers, respectively.

Figure 10 illustrates the comparative analysis of BER under various existing methods. From the graphical illustration,
the proposed system CNN-LSTM technique attains a low error compared to conventional approaches. The traditional
methods attain high error due to high channel fading and data loss. The proposed MIMO-OFDM system uses a highly
enhanced channel to prevent the channel from fading and estimate the channel accurately. But, the existing RNN-LSTM
and ELM-LSTM failed to mitigate the interference and update the channel state information. For SNR=20dB, the
existing RNN-LSTM,?” ELM-LSTM,*® and the proposed CNN-LSTM attains the BER of 0.0015, 0.007, and 0.0010,
respectively.

Figure 11 manipulates the NMSE performance under different approaches. The graphical illustration shows that the
developed model attains a low NMSE metric compared to existing approaches. Even though the refined LMMSE obtains
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FIGURE 10 Comparative analysis of bit error rate under various existing methods.
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FIGURE 11 Normalized mean square error performance under different approaches.

better performance, it suffers greatly from the time complexity than the proposed method. When SNR < 15dB, the pro-
posed model works without the use of online training and performs better than the existing RLMMS approach. The
existing SFCNN approach cannot operate well under untrained processes, so the ADCNN approach is used throughout
training the samples. However, channel power is one of the important parameters, and it is also required even under the
offline process. The proposed system works better when SNR < 5dB, and it is hybridized with SFCNN, which increases
the gain even if the noise power is high. When SNR = 15 dB, existing dual CNN, ADCNN, hyper dual CNN, RLMMSE?’
and proposed method attains the NMSE of 0.24, 0.12, 0.06, 0.02, and 0.01, respectively.

Figure 12 depicts the MSE performance under 8 and 16 pilots. The graphical representation shows a lower MSE for
the proposed method than existing approaches. when the number of pilots, the performance is increased. The existing
CA-GAN, channelNet, interpolated MMSE, and LS?* cannot perform well even if the number of pilots increases and it
is due to the low capability of a system. The proposed system uses a highly enhanced strategy to increase estimation
accuracy. When SNR = 20 dB, the proposed method attains the MSE of 0.013 and 0.025 for 16 and 8 pilots, respectively.

Figure 13 illustrates the BER performance under different Doppler frequencyF,. The existing MMSE and LS*
approaches show the worst performance at SNR = 20 dB. But the proposed method uses the TSO optimizer to minimize
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FIGURE 12 Mean square error performance under 8 and 16 pilots, (A) channel estimation under 8 pilots and (B) channel estimation
under 16 pilots.
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FIGURE 13 Biterror rate (BER) performance under different Doppler frequency Fj, (A) BER performance under F; = 36Hz and (B)
BER performance under F; = 200Hz.

the loss in a MIMO-OFDM model. The existing method consumes high loss due to a lack of optimizing capability dur-
ing channel estimation. At SNR =20dB and F,; = 36Hz, the existing MMSE, LS,* and the proposed LSTM attains 0.005,
0.009 and 0.001, respectively. At SNR =20dB and F; = 200Hz, the existing MMSE, LS,** and the proposed LSTM attain
0.008, 0.01, and 0.002, respectively.

Figure 14 presents the MSE performance under Fy = 36 Hz and F; = 200Hz by considering the 64 QAM modulation.
The methods like LS, LMMSE, FDNN, CNN, and LSTM are compared with the proposed model. The graph shows that
the MSE vales decreases as the SNR value increases. Similarly, Figure 15 presents the BER performance under Fy = 36Hz
and F; = 200Hz by considering the 64 QAM modulation. Also in this comparison, the proposed model attained better
BER performance.
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FIGURE 15 Comparison of Bit error rate performance under (A) F; = 36Hz and (B) F; = 200Hz.

5 | CONCLUSION

This research proposes an optimal hyper DL-based CNN-TSO-LSTM for pilot design and CE in the downlink
MIMO-OFDM system. At the initial stage, an optimized hyper CNN-based training model is proposed to find and select
the pilot design accurately. Then, a DL-based LSTM model is introduced for pilot-based CE in the MIMO-OFDM model.
Finally, the developed system is implemented in the MATLAB tool and analyses the performance based on BER and MSE
under various existing methods. In the experimental scenario, the proposed method attains the BER of 0.20 and 0.03 for
CP and without CP, respectively. In addition, the proposed method attains the MSE of 1.14, 0.99, 1.08, and 0.97 for 8, 16,
48, and 64 pilots, respectively. The proposed MIMO-OFDM model is highly used in many applications like multi-cast
video, local area networks (LAN), and metropolitan area networks (MAN). In future studies, the researchers must focus
on developing a deep channel estimator for higher mobility channels. Furthermore, improving the interference miti-
gation ability will be a better future research direction. In particular, how the proposed channel estimator outperforms
interfering users with Eigen covariance matrices is not observed, and this will be addressed in the upcoming studies.
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