JOURNAL OF ALGEBRAIC STATISTICS
Volume 13, No. 3, 2022, p. 4440-4452
https://publishoa.com

ISSN: 1309-3452

An Efficient PTSDCT-LH PAPR Reduction Scheme for 5G Wireless
Communication with OFDM Technology

Dr. G. Srihari

Associate Professor, ECE Department, Sree Vidyanikethan Engineering College Tirupati

Dr. D. Prasad

Professor & HoD, Dept of ECT, Sasi Institute of Technology and Engineering, Tadepalligudem

Mr. K. Hemambharam

Associate Professor, Department of ECE, Sreenivasa Institute of Technology and Management studies, Chittoor, A.P.
Dr. K. Gopi

Professor and HOD, Sreenivasa Institute of Technology and Management Studies

Received 2022 March 15; Revised 2022 April 20; Accepted 2022 May 10.

Abstract

Background: 5G wireless communication provides the wireless communication involved in the provision of machine-
to-machine communication, internet, reliable, minimal latency, and high-speed communication links. Orthogonal
Frequency Division Multiplexing (OFDM) provides the promising 5G physical layer waveform for the application. The
incorporation of the OFDM with 5G technology comprises the subcarriers, self-interference, and peak amplitude. The
implementation of the 5G wireless technology exploits OFDM with the multicarrier scheme which exhibits a higher peak-
to-average-power ratio (PAPR). As high PAPR affects the overall performance of the OFDM communication system with
the signal distortion which affects the overall communication characteristics.

Objectives: This paper presented a PAPR reduction scheme stated as Partial Transmission Sequence Discrete Cosine
transforms with Likelihood estimation PTSDCT-LH. The proposed PTSDCT- LH incorporates a Partial transmission
sequence (PTS) integrated with Discrete Cosine transform (DCT).

Methods: The implementation of the proposed PTSDCT-LH model exhibits reduced PAPR with the application of the
PTS but it increases the complexity of the process. Finally, the proposed PTSDCT-LH model incorporated likelihood
estimation the signal characteristics are computed. The simulation analysis of the proposed PTSDCT-LH model exhibits
reduced PAPR by 30.3% compared with the conventional original and clipping signal.

Conclusions: The simulation results expressed that the proposed PTSDCT-LH model increases the system performance
with the reduced computational complexity.

Keywords: PAPR, 5" generation communication, OFDM, Partial transmission sequence, likelihood estimation

1. Introduction

In the age of the wireless mobile revolution, an un-ended market expansion of smart phones, electronic gadgets, user
demand applications and data services has gone far beyond the circuit switching and voice telephony [1]. Next generation
of wireless standards are well derived from massive growth in web services, media connections, social networking and
data streaming services. Long Term Evolution (LTE) is designed and deployed at many regions across the geography to
fulfill the demand and necessity of mobile network expansions [2]. LTE offers enhanced spectral efficiency, higher speed,
extended coverage & capacity of serving area, minimum latency, reduced capital expenditure (CAPEX), and minimized
operational expenditure (OPEX). Multiple Input Multiple Output (MIMOQ) support and uninterrupted backward
compatibility with legacy system made it easier for operators to adopt LTE deployment [3 -5].
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It is essentially required to adopt the feature enhancements to remove the performance constraints. Optimization of OFDM
through Peak to Average Power Ratio (PAPR) reduction and Inter-carrier Interference (ICI) cancellation are a few steps
to remove such performance barricades [6]. The OFDM becomes most fit and most favourable access technique for
wideband communication. OFDM supports high-speed data applications like IEEE 802.11, IEEE 802.20, IEEE 802.16e,
video chat, data stream, etc. [7 - 9]. In OFDM, overlapped orthogonal subcarriers are distributed over available bandwidth
where every subcarrier is modulated based on the information-bearing in the low data rate network. OFDM model
distributes the efficient utilization of the available spectrum frequency for the elimination of the interference to achieve
orthogonality in the subcarriers based on the channel spacing [10]. Through the evaluation, the data stream is fragmented
based on the subsets for the separated orthogonal subcarriers. In time-domain transformation, the subcarrier orthogonality
is evaluated using Fourier Fast transform (IFFT) [11]. The signal propagated with the multipath channel signal is
generated and evaluated with the Cyclic Prefix (CP) for every OFDM symbol [12].

In the OFDM system, the high value of PAPR is a complex scenario that occurred due to the superposition of the multiple
subcarriers in the output power. The output power is increased instantaneously for the significant level of the output power
that needs to be properly aligned [13]. To reduce the PAPR value the increases in average power need to be maintained
or adopts amplifier for the higher PAPR value those are expensive and less efficient for the practical scenario. On other
hand, the reduction in PAPR is achieved in different instances based on the consideration of different attributes, power
constraints, bandwidth, data rate and complexity in OFDM system [14]. In multipath fading OFDM provides the fading
for the impulse noise for the reduction of the equalizers complexity for the deployed communication system using Fast
Fourier Transform (FFT). However, the in the OFDM optimization the wireless communication are affected with the
PAPR and ICI those demands for the PAPR reduction technique and ICI cancellation technique [15].

High spectrum efficiency and resistant to interferences made OFDM a very good choice for the realization of LTE and
other advanced mobile communication technologies. Besides the multiple merits, OFDM impacts the PAPR and ICI.
Practically, there are several methods to increase the overall system performance it is required to develop an effective
hybrid technique and CFO and PAPR technique with undesirable side effects [15]. Through optimization of the PAPR
and ICI in the OFDM through the highly desirable the future technologies such as LTE and LTE-Adv. In order to avoid
the use of CP, which consumes a significant amount of bandwidth (20% - 25%), wavelets have replaced FFT in OFDM
processing. Further, spectrum wasted in cyclic prefix may be re-used to devise a bandwidth-efficient scheme to diminish
the effect of ICI. Present research work is inclined to propose a novel scheme for PAPR reduction and ICI cancellation
technique to enhance OFDM performance [16].

2. Objectives

This paper aimed to construct a PAPR reduction technique for the 5G OFDM communication medium. The performance
characteristics of the proposed PTSDCT-LH comprise the sequence of the techniques.

1. The proposed PTSDCT-LH model incorporates the PTS model for the minimization of the PAPR in the OFDM signal.

2. Within the PTS model the DCT model is applied for the phase shift in the OFDM signal for the examination of the
amplitude and phase angle in the OFDM signal.

3. Finally, to reduce the PAPR in the 5G wireless communication PTS integrated with the DCT is evaluated using the
likelihood estimation. The evaluation of the likelihood estimation of the PAPR is significantly reduced.

4. The proposed model effectively reduces the PAPR more than the original signal with the clipping factor in the wireless
medium. The proposed PTSDCT-LH significantly reduces the PAPR in the OFDM model.

The organization of the paper is presented as follows: In section Il the related works for the PAPR reduction are presented.
The research methodology adopted for the PAPR is presented in section Ill. The simulation results obtained with the
proposed PTSDCT-LH model is provided in section IV and the overall conclusion is presented in section V.

3. Methods

In this paper concentrated on the PAPR reduction in the 5G wireless communication channel through the Partial transmit
sequence (PTS) integrated with the Discrete Cosine transformation (DCT). Additionally, the PAPR reduction technique
utilizes the likelihood estimation model. The proposed model is termed as PTSDCT-LH. In 5G technology, Orthogonal
Frequency Division Multiplexing (OFDM) gained significant attention in the wireless communication for effective
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transfer of data with higher data rate and bandwidth efficiency to achieve robustness in the multipath fading scenario.
Conventionally, the OFDM technology applied in the 5G wireless communication uses the Peak to Average Power Ratio
(PAPR). In OFDM, the transmitted signal subjected to PAPR which is defined as ratio of maximum instantaneous power
to the average power in the communication channel. The PAPR in the 5G wireless communication channel is defined as
in equation (1)

max|x(t)|?
PAPR = inor] @)
In above equation (1) the process of IFFT in the OFDM signal is represented as (t)and expectation is denoted as E [.].
Consider the length of N data block in the vector form is denoted as Y = [Yg, Yy, Ya, .. ..., Yy—1]7, where the subcarrier
number is denoted as N and the transpose is represented as (.)T. The data symbol Y modulation with subcarrier is
represented as Fy = 0,1, ... ... ,N — 1. The orthogonal signal subcarrier N is denoted as f,,, = mAf, where Af = 1/NT
and NT stated as the OFDM data duration. The transmitted signal OFDM complex signal is represented as in equation

e
x(0) = 2= TN} Yelamkart @

where Y, is the denoted as the k*"data symbol of subcarrier.

Based on the central limit theorem, the N is larger for the both real and imaginary part denoted as x(t) with the Gaussian
distribution. Through the gaussian distribution the Cumulative Distribution Function (CDF) of the signal is represented
as in equation (3) and equation (4)

F(Z)Zl—e_z (3)
P(PAPR > PAPR,) =1 — (1 — ePAPRO)N 4)

With absence of the no over sampling, the important parameters PAPR in OFDM signal is evaluated with the Cumulative
Distribution Function (CCDF). The clipping level of the OFDM signal is denoted as PAPR,. The block symbol with the
clip level in PAPR is represented as PAPR,, presented in equation (5)

P(PAPRymo-orpm > PAPR,) =1 — (1 — ePAPROYMN (5)

In MIMO-OFDM the system time domain with the OFDM signal is represented as M;N. In the SLM the OFDM
signal with the PAPR reduction probabilistic techniques is required for the minimization of the signal distortion those
subjected to data loss. In figure 1 presented the input data applied for the SLM technique with partitioning of the data
block Y with the length of block as N. The OFDM data block with the multiple elements in the phase sequences as E® =

T . .
lewo €u1s o s €un_1] Whereu =12, ... ,U with the achieved data block Y.
£
e
Data Partition O IFFT Select one
int Y ‘
source » MO with lowest
blocks > —
and PAPR Output
Serial to £
parallel
A2
6

Figure 1: Input for SLM in PTSDCT-LH
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The data blocks in the OFDM signal with the different information and the OFDM data block phases are presented in
equation (6) as follows,

V() = 7= SN Veepke 2mkart (6)

In the OFDM rotated phase the data blocks subjected to the minimal PAPR for the data transmission in the network. The
selected information about the phase sequence are transmitted and received with the information process. In the receiver
end, the operation reverse to transmitter need to be performed to recover the data block of the OFDM. Conventionally,
the SLM technique does not subjected to any construction phase sequence for the process.

3.2 PTSDCT-LH integrated Discrete Cosine Transform for PAPR Reduction

Generally, the Discrete Cosine transform is similar to that of the discrete Fourier transform for real number. The process
of DCT is equal to DFT as the length is twice, real data were operated for the symmetry process for the transformation of
real and even function were the variants are shifted based on the input/output data sample. The proposed PTSDCT-LH
comprises of the eight standard variants in which 4 are common. In the Fourier-related transformation process, the
expression is based in the DCT function or the sum of the sinusoidal signal based on consideration of the various amplitude
and frequencies. In DFT process the operation of the DCT is based on the consideration of the finite number of data point
functions. In PTSDCT-LH the difference is computed based on the distinction based on the consideration of the boundary
condition in the DFT transform. The input sequence of the signal are evaluate based on the auto correlation estimation of
peak and average value. Conceptually, the original sequence of the N-point DCT are evaluated based on the data sequence
for the mirror extension of the data sequence in N-point. The data process of DCT is continuous with the components of
lower order transformed signal domain those are converted to DCT. The DCT transformation is evaluated based on the
reduction of autocorrelation estimation for the input sequence to minimize peak to average power those need to be
transmitted at any instance of the receiver signal. In the different 4 dimensional DCT process the orthogonality property
is computed in the one-dimensional process represented as A[K] of a sequence a[n] with the length N is denoted in equation

)
AlK] = alk] £33 aln] cos "2 )

Fork =0,1,...... ,N — 1, the process of the inverse DCT is represented using equation (8) and (9),

1 —

Alk] = i fork=0 (8)
= \/% fork=12,........N—1 9

In the 1D DCT applied with PTSDCT-LH comprises of the discrete-time and real time denoted as in equation (10)
CyIN,K] = cos% (10)
The process of DCT comprises of the real sequences Cy[N, 0], Cy[N, 1], .......,Cy[N,n — 1] denoted in equation (11)

for N as follows:

AN = CNCZ (11)

Where, the vector Nx1 and CN in the DCT is estimated based on vector A and o with the transformation matrix N x N.
The orthogonal matrix vector in the PTSDCT-LH computed for the DCT estimation. The OFDM signal peak power is
computed based on the consideration of the DCT matrix property. The operation in the proposed PTSDCT-LH is
computed based on the consideration of the O(N?2)operations with the computation of complexity O(Nlog N) with
factorizing and computation of similarity using Fast Fourier Transform (FFT). In pre and post-processing steps FFT is
computed through DCT process. In general, the DCT computation process computes FFT process using O(Nlog N).
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3.3 PTSDCT-LH with likelihood for the PAPR Reduction

The proposed PTSDCT-LH comprises of the DCT with the PTS for minimization of the autocorrelation and modulation
of digital signal using data bits. The reduction in the signal with proposed PTSDCT-LH computed based on computation
of the similarity between phases for reduction of data. Data scrambling in the PTS is evaluated based combination of the
different phase factor for computation of autocorrelation in the data. In figure 2 presented the proposed PTSDCT-LH for
the PAPR with the PTS.

SOURCE
Input Data Bits)

ENCODER
Y
| MODULATOR

L 4

¥

—» IFFT - - -
SERIAL IFET e ol
L .
TO B: SUMMER OFDM SIGNAL
-

PARALLEL
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o e e~

\ ... 1B
Yyl w

PHASE ROTATION FACTOR

Figure 2: Block Diagram of DCT before Partial Transmit Sequence

The mathematical computation of the proposed PTSDCT-LH evaluated for the DCT integrated with PTS for the
computation of the sub-sequences using IFFT. The modulated DCT data process is presented in equation (12)

Cy = % [ag + —1%a,] + Y12 (aicos nki) (12)

n-2
The inverse operation in the DCT process with IFFT is presented in equation (13)

j2rmui

xw) = S, S (e ) (139

In above equation (13) the data bits modulation phase is represented as e for the data length sequence of K =0,
1 N-1, the data sequence discrete cosine transform is denoted as CN, the subcarriers number are represented as u,
phase factor total number is denoted as m and data sequence is denoted as n. The proposed PTSDCT-LH with the DCT
and PTS are evaluated for the conversion of the bit sequence in the parallel streams. The converted parallel data comprises
of the scrambling of the data using the PTS technique which involved in minimization of the similarity between data
sequences with the rotation operation with the phase factor of ‘m’. The signal sequence with the reduced PAPR are added
to the summer for the DCT block output with minimization of the autocorrelation with summed OFDM signal. The PAPR
reduction with the DCT and PTS exhibits the significant performance to reduce autocorrelation between the signals
through digital modulated data bits. The mathematical formulation of the DCT with PTS technique involved in
computation in IFFT for the DCT subsequences. The modulated data DCT is represented in equation (14)

n j2mui
x(w) = T, I, (ave ) (14)
The proposed PTSDCT-LH with the DCT for orthogonal signal represented in equation (15),
_1 k u—2 ki
Cv =3 [x(0) + —1*x(1)] + X} (x(u)cosﬁ) (15)
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In above equation (15) the modulated data bits for the length N and the sequence of data is represented as K = 0, 1,
........... N-1 for the data sequence of the Discrete Cosine transform of the subcarrier number u and the total data sequence
n and the phase factor m. The overall process involved in the proposed PTSDCT-LH is shown in figure 3.
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Figure 3: PTSDCT-LH process in OFDM

In the proposed PTSDCT-LH the neighbourhood search through likelihood estimation is performed with computation of
the phase factor and the reduction of the computational complexity through suboptimum computation. Initially, the
proposed algorithm PTSDCT-LH comprises of the solution SO for estimation for better solution iteratively. To derive
those solution s’, sO are computed for the optimum value of s’ to achieve better results. The features of the neighborhood
estimation is based on the computation of the neighborhood estimation based on initial condition and optimization.
Practically, in the OFDM system the PAPR is reduced with the signal amplitude in the linear region of the amplifier. With
the proposed PTSDCT-LH model the threshold is set as L with the neighborhood phase factor for minimal PAPR to
perform neighbourhood estimation for the phase factor PTS those are listed as follows:

1. The neighborhood region is denoted as As for the present PAPR for present value L andAs = f(AE) =
f(PAPR — L). Within this region the PAPR is reduced for the estimation.

2. With the neighborhood estimation significant solution is is achieved between s for the 1 times, where s randomly
changes for the region in one time.

3. Set the search time maximal as C, in case if PAPR is not reduces with the L at C times terminate the search and
derive the final solution with the optimal solution.

The overall flow chart for the proposed PTSDCT-LH is illustrated in the figure 4 as follows:
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Figure 4: Flow Chart for propose PTSDCT-LH

Algorithm 1: Steps for PTSDCT-LH

Consider the information blocks of X, X, ... ... , Xn

Assume the code word length as W

Encode the every block encoded with the Hamming encoder w

Append the control bit with the hamming code 8-bits for calculation

Evaluate the code word for the every vector w*et, w*e2, .. w-+¢16

Calculate

Compute the transferred minimum code word in the OFDM signal with the IFFT constellation mapping
scheme

Apply the steepest descent approach with the unit circle for the modulus process with the IFFT and IDCT
Obtain the minimal value obtained for the sequence

The incorporation of the DCT in the PTS system minimizes the autocorrelation and conventional data bits modulation
scheme. To reduce the PAPR in the signal phase similarity between the variable need to be minimized. The proposed
scheme comprises of the OFDM process which involve din information transmission between antennas. The proposed
OFDM scheme incorporates PTS for the data scrambling process with combination of the different phases for reduction

of the autocorrelation. In figure 5 the overall process involved in proposed PTSDCT-LH is presented.
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Figure 5: PTSDCT-LH Process

The mathematical examination of the proposed PTSDCT-LH perform the DCT computation with the IFFT subsequences.
The data modulation with the DCT is presented in equation (16)

xw = 2[a, + —1%a,] + 52 (acos ™20) .

The process of the IFFT in the comprises of the DCT as states in equation (17)

n j2mui
Xy = }":12;":1 <xNe n ) a7
Where, the phase modulated data for N length bits are represented the data sequence of K=0, 1, ........... N-1. The process

of Discrete Cosine transformation in the data sequences for the subcarrier is represented as x,, for the total sequence
subcarrier is n for the phase factor.

4, Results and Discussion

The proposed PTSDCT-LH model comprises of the DCT process for the PTS based DCT technique for the OFDM
technique implemented in MATLAB simulation software. The parameters utilized in proposed PTSDCT-LH is presented
in table 1.

Table 1: Simulation Setting

Parameter Type/Value

Number of subcarrier 64, 128,256, 512, 1024
Modulation scheme 4-QAM

Number of Phase Rotation Factor 2,4,8,16

Number of combinations of Phase Factors | 16

The proposed PTSDCT-LH model comprises of the OFDM process integrated with PTS for the reduction of PAPR in the
OFDM. The developed model comprises of the DCT process with the computation of the orthogonality with simulated
PTS. The simulation results of proposed PTSDCT-LH is evaluated and examined based on consideration of different
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subcarrier count in the OFDM signal for the reduction of the PAPR in the 5G OFDM communication. The simulation

analysis of the proposed PTSDCT-LH in the 5G technology with the OFDM reduction is shown in figure 6.

OFDM Carrier Frequency Magnitude OFDM Carrier Phase

0.5

Magnitude
Phase (degrees)

0.5
0 200 400 600 800 1000 0 200 400 600 800 1000

IFFT Bin IFFT Bin
Figure 6: Carrier Frequence in PTSDCT-LH Figure 7: Carrier phase in PTSDCT-LH

The proposed PTSDCT-LH is evaluated based on the consideration of the PAPR reduction in the 5G OFDM
communication. The carrier frequency in the signal is evaluated through the computation of the 5G OFDM signal based
on the magnitude. The analysis is based on the IFFT bin in the OFDM carrier frequency signal with magnitude of the
signal. The carrier phase of the OFDM frequency magnitude of the signal is estimated as 1 for the carrier frequency of
the OFDM signal. In figure 7 the carrier signal phase of the PTSDCT-LH is computed and evaluated. The examination
of the carrier phase of the signal exhibits the maximal phase of 180 for the transmission of the 5G wireless signal. The
time signal response of the proposed PTSDCT-LH for the varying time instance signal are presented in figure 8 and figure
9.

008 OFDM Time Signal, One Symbol Period 04 OFDM Time Signal

o =] o
o S} w

=]

Amplitude
Amplitude (volts)

&

=]
[

-0.08 0.3
Q 200 400 600 800 1000 1200 4] 1 2 3 4 5 6
Time Time (samples) x10*

Figure 8: Time signal response in OFDM with PTSDCT-LH Figure 9: Time signal response of all subcarriers

The time signal analysis of the OFDM signal for 5G network exhibits the variation of the 0.06 for the amplitude and 0.1
volts for the different time instances of the signal. The overall signal spectrum computation involved in the computation
of the normalized frequency range of 0.5 with the OFDM signal spectrum magnitude computed as 10dB as illustrated in
figure 10. In figure 11 presented the overall spectrum magnitude of the receiver signal for the different IFFT bin in the

OFDM signal.

4448



JOURNAL OF ALGEBRAIC STATISTICS
Volume 13, No. 3, 2022, p. 4440-4452
https://publishoa.com

ISSN: 1309-3452

OFDM Signal Spectrum
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Figure 10: Estimation of OFDM spectrum Figure 11: Receiver Spectrum Magnitude

In figure 12 the receiver OFDM signal in receiver are evaluated spectrum of the receiver signal for the FFT bin in the
network. The examination is based on the consideration of the phase magnitude of the OFDM signal in the network of
the receiver end. The angle spectrum of the propsoed PTSDCT-LH in the OFDM signal is illustrated in figure 13.

200 OFDM Receive Spectrum, Phase
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Figure 12: Spectrum of OFDM Receiver

90 5
120 60

270

Figure 13: OFDM receiver angle Spectrum

The PAPR estimated for the proposed PTSDCT-LH is provided for the different DFT bins in the network. The
computation of PAPR is evaluated based on the consideration of the original, SLM, PTS signal with the propised
PTSDCT-LH.
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Figure 14: PAPR of the different signal

The proposed PTSDCT-LH concentrated on the minimization of the PAPR in the 5G communication with the
consideration of the different signal. The evaluation of the signal is based on the consideration of the different scenarios
such as original, SLM, PTS and PTSDCT-LH. In figure 14 and figure 15 presented the estimated PAPR for the different
signal based on the consideration of the instances with the SLM, PTS and original signal. The analysis stated that original
signal exhibits the higher PAPR value. The proposed PTSDCT-LH model exhibits the minimal PAPR value of around
5dB which is significantly minimal than the SLM, PTS and original signal.
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Figure 15: Estimated PAPR for different signal

As the proposed model PTSDCT-LH involved in the estimation of the PAPR signal for the time varying instances of the
signal. The original signal ranges form 25db with the PAPR value of 13 dB alone with the application of the PTS over
the signal the PAPR is computed as high even for the 4.8dB. Similarly, the PAPR estimated in the clipping signal provides
the value of 16dB with the ccf of 0.8. With the proposed PTSDCT-LH model the PAPR is significantly reduced with the
minimal distortion in the signal. The proposed model incorporates the PTS for the processing of the signal with reduced

PAPR. The analysis expressed that the proposed PTSDCT-LH significantly reduces the PAPR than the original, clipping
and PTS signal.
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5. Conclusion

Recently wireless communication is facing a lot of challenges and researches for achieving reasonable data rate without
sacrificing the bandwidth efficiency. The principle deliberation of OFDM system has been to prevent spectral growth and
improve the efficiency of the power amplifier at the transmitter side. The basic idea is to explore the special structure of
interleaved OFDM, so as to reduce the complexity for PAPR reduction. Although it takes extra power to transmit the side
information and PAPR will be increased, this investigation determines the optimal phase weighting factor such that the
overall system complexity is reduced. When the subblocks size is increased to 4, 8, and 16 for 256 subcarriers, the
modified PTS with interleaving and pulse shaping method provides PAPR of 4.7dB, 1.8dB and 0.5dB respectively at
CCDF of . The modified PTS with interleaving and pulse shaping method has 30.3% improvement in PAPR reduction
performance compared to modified PTS with superimposed training sequence method. Discrete Cosine Transform
technique has the property of signal energy compaction and reduction of autocorrelation. Efforts can be made to provide
a power control technique based on PAPR reduction using water filling algorithm in the channel estimation approach. ii.
Developing a Channel Dependent Scheduling (CDS) algorithm for the system to monitor the channel quality as a function
of frequency for the each terminal and adapt subcarrier assignments to change in the channel frequency response of all
the terminals.
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