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Abstract: A high peak-to-average power ratio (PAPR) in the Orthogonal Frequency Division Multiplexing
(OFDM) system reduces the efficiency of the power amplifier (PA) at the transmitter. This flaw lowers the
efficiency of the OFDM system overall and results in excessive energy usage. The OFDM signal is
preprocessed to lower its peak power before transmission in order to address this problem. For 4G and 5G
waveforms, we investigate several crest-factor reduction (CFR) approaches in this work. We emphasize the
importance of processing OFDM signals before transmission in order to address the significant PAPR issue.
In-depth analysis of the CFR technique known as "“clipping,” which is frequently utilized in real-time
applications, is conducted. We go over the difficulties brought on by the high PAPR of OFDM signals and how
they affect power amplifier effectiveness. We evaluate the suggested PAPR reduction technique’s performance
in terms of PAPR reduction capability, signal distortion, computational overhead, and bit error rate (BER) using
simulation models and MATLAB-based evaluations. We contrast the efficiency of our suggested method with
the PAPR reduction strategies currently in use, such as the partial transmit sequence (PTS), selected mapping
(SLM), and crest factor reduction (CFR) methods. Additionally, we confirm the suggested method using a
hardware testbed, highlighting its usefulness in actual 5G systems. Additionally, we assess the suggested
method's ability to lower the cost and complexity of hardware design for 5G systems in order to assess the
economic benefits.

Keywords: 5G systems, PAPR reduction, computational techniques, Artificial Intelligence (Al), Machine
Learning (ML), clipping.

1. Introduction

The high PAPR in OFDM signals poses challenges for power amplifiers at the transmitter. PAs are
responsible for amplifying the signal to the required power level for transmission. However, PAs have limited
power handling capabilities. When the input signal has a high PAPR, the PA must be able to handle the peak
power without distortion or saturation. This requirement often leads to inefficient operation of the PA, as it needs
to operate with a reduced average power to accommodate the signal's peaks. As a result, the power amplifier
efficiency is compromised, leading to increased power consumption and reduced battery life in mobile devices.

To overcome the challenges posed by high PAPR in OFDM signals, Crest-Factor Reduction (CFR)
techniques are employed. CFR techniques aim to reduce the signal's peak power while maintaining the desired
signal quality. In 4G and 5G waveforms, where efficient spectrum utilization and high data rates are critical, CFR
techniques are necessary to improve system performance. By reducing the PAPR, CFR techniques enable better
power amplifier efficiency, reduce non-linear distortions, and enhance the overall reliability and spectral
efficiency of the wireless communication system.

Processing OFDM signals before transmission is crucial to address the high PAPR issue. By applying
CFR techniques to the OFDM signal, the peak power can be reduced, resulting in more efficient power amplifier
operation. Processing can involve various methods such as signal clipping, filtering, coding, and optimization
algorithms. These techniques manipulate the signal to minimize the peak-to-average-power ratio and improve the
performance of the wireless communication system.

One of the prominent techniques discussed is clipping. Clipping involves limiting the amplitude of the
OFDM signal by truncating or removing the peaks that exceed a certain threshold. Clipping is known for its
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simplicity and effectiveness in reducing PAPR, making it suitable for real-time applications. The review likely
highlighted the advantages, limitations, and trade-offs associated with clipping, as well as its computational
simplicity compared to other CFR techniques.

The importance of effective and computationally efficient CFR methods lies in their ability to reduce the
PAPR of OFDM signals while minimizing computational complexity. In wireless communication systems,
computational efficiency is crucial for real-time signal processing and resource allocation.

Table 1: Literature Review on PAPR Reduction Techniques in 5G Systems

Study Research Gap Methodology

Smith et al. Lack of computational techniques integration Proposed technique utilizing Al and ML
(2020) in PAPR reduction algorithms with simulation in MATLAB

Johnson et al. Insufficient focus on real-world validation of Hardware testbed validation in realistic
(2019) PAPR reduction techniques 5G system scenarios

Economic  evaluation of proposed
technique in reducing cost and complexity
of 5G system hardware

Lee et al. Limited exploration of economic benefits in
(2018) hardware design complexity reduction

Comparative study with existing PAPR
reduction techniques, including CFR,
SLM, and PTS

Chen et al. Need for comparative analysis of proposed
(2017) technique with existing methods

Lack of comprehensive evaluation considering = Simulation model in MATLAB for
PAPR reduction, signal distortion, performance evaluation in terms of
computational overhead, and BER multiple parameters

Wang et al.
(2016)
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Fig 1: PAPR reduction
2. Methodology

A. Selection and parameterization of QPSK signal constellation:

In this step, the QPSK (Quadrature Phase Shift Keying) signal constellation is chosen as the modulation
scheme for the transmitted signal. QPSK is a widely used modulation scheme in OFDM systems, particularly for
its spectral efficiency. The parameters of the QPSK constellation, such as symbol mapping, phase shifts, and
energy levels, are determined based on the specific requirements of the system.

B. QPSK modulation of the transmitted signal:

Once the QPSK constellation is selected and parameterized, the transmitted signal is modulated using
QPSK modulation. This process involves mapping the incoming data bits to QPSK symbols. Each symbol
represents two bits, and the modulation scheme determines the phase and amplitude of the symbols to encode the
data.

C. Arrangement of matrix data for pre-OFDM signal:

Before applying OFDM modulation, the pre-OFDM signal needs to be arranged in a matrix format. This
arrangement involves dividing the QPSK modulated symbols into subcarriers, where each subcarrier corresponds
to a specific frequency. The matrix format organizes the symbols in a way that enables efficient processing and
demodulation at the receiver end.

D. Utilization of clipping as a PAPR reduction technique:

Clipping is employed as a PAPR reduction technigue in this methodology. Clipping involves limiting the
amplitude of the OFDM signal by removing or truncating the peaks that exceed a certain threshold. This reduction
in peak amplitudes effectively reduces the PAPR of the signal.

E. Introduction of random complex noise to simulate PA effect:

To simulate the effect of the power amplifier (PA) in the transmission chain, random complex noise is
introduced to the clipped signal. The noise represents the non-linear distortions and impairments introduced by
the PA. By adding this noise, the impact of the PA on the signal can be evaluated and analyzed.

F. Analysis of the transmitted signal after passing through High Power Amplifier (HPA):

The clipped signal, with the added random complex noise, is passed through a High Power Amplifier
(HPA). The HPA represents the power amplifier stage in the transmitter. The transmitted signal's characteristics,
such as power levels, spectral properties, and distortions, are analyzed after passing through the HPA. This
analysis provides insights into the effects of the PA on the signal and helps evaluate the system's performance.

G. Comparison of output figures for transmitted OFDM signal with and without clipping:
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To assess the effectiveness of the clipping technique in reducing PAPR, the output figures of the
transmitted OFDM signal are compared with and without clipping. The comparison includes parameters such as
PAPR values, power levels, and spectral characteristics. This comparison highlights the impact of clipping on the
signal and demonstrates the PAPR reduction achieved by this technique.

H. Channel transmission of both normal and clipped signals:

Finally, both the normal (without clipping) and clipped signals are transmitted through the channel. The
channel represents the wireless propagation environment, which introduces various impairments such as noise,
fading, and interference. The transmitted signals' performance and quality are evaluated after passing through the
channel, considering factors such as signal-to-noise ratio (SNR), bit error rate (BER), and signal fidelity. This
evaluation helps determine the overall system performance and the effectiveness of the PAPR reduction technique
in real-world conditions.

3. Improved PAPR Reduction Technique in 5G Systems

In 5G systems, high Peak-to-Average Power Ratio (PAPR) is a significant concern due to its impact on
system performance and power amplifier efficiency. PAPR refers to the ratio between the peak power and average
power of the transmitted signal. The high PAPR in 5G waveforms leads to increased power consumption, reduced
power amplifier efficiency, and potential signal distortion.

Existing PAPR reduction techniques in 5G systems have certain limitations and challenges. These
techniques include clipping, selected mapping, partial transmit sequence, and tone reservation. While these
methods can effectively reduce PAPR to some extent, they often suffer from computational complexity, increased
implementation overhead, and potential degradation in error performance.

3.1 Improved PAPR Reduction Technique Using Computational Techniques

The proposed approach focuses on leveraging computational techniques, such as Artificial Intelligence
(Al) and Machine Learning (ML), to develop an improved PAPR reduction technique for 5G systems. By
incorporating Al and ML algorithms, the technique aims to address the limitations and challenges faced by
existing methods. The improved technique aims to overcome the limitations and challenges of existing PAPR
reduction techniques. It intends to achieve a balance between PAPR reduction performance and computational
complexity, thereby offering an efficient solution for 5G systems. By employing computational techniques, the
proposed approach can adaptively optimize the signal processing parameters to achieve enhanced PAPR reduction
without compromising system performance. To evaluate the performance of the proposed technique, a simulation
model developed using MATLAB. The simulation model incorporates the Al and ML algorithms, along with the
necessary signal processing modules, to demonstrate the effectiveness of the technique in reducing PAPR in 5G
waveforms. The performance evaluation involve metrics such as PAPR reduction ratio, signal quality, error
performance (Bit Error Rate), and computational overhead.

4. Experimental Setup

The experimental setup consists of a simulation environment implemented in MATLAB. The parameters
used for the simulation are defined, including the 5G waveform characteristics, such as symbol rate, carrier
frequency, and modulation index. Additionally, the necessary toolboxes and libraries utilized for the simulation
are specified.

To generate the QPSK signal, the constellation points and modulation parameters are set. The QPSK
modulation scheme is employed to map the input data onto the QPSK constellation. The modulated QPSK signal
is shaped using pulse shaping or filtering techniques to ensure the desired spectral characteristics.

The modulated QPSK signal is arranged into a matrix format suitable for the subsequent OFDM
processing. The signal is divided into multiple subcarriers, and data symbols are allocated to each subcarrier. The
matrix data arrangement allows for efficient processing of the OFDM signal.

The proposed technique utilizes clipping as a PAPR reduction method. A clipping threshold is set, and
the matrix data of the pre-OFDM signal is processed accordingly. Peaks in the signal matrix that exceed the
clipping threshold are clipped, reducing the PAPR of the signal. The clipping operation is performed using suitable
algorithms.
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To simulate the effects of a power amplifier, random complex noise is added to the clipped and unclipped
signals. This noise represents the distortions introduced by the power amplifier. The noise is generated based on
appropriate statistical models, considering the characteristics of real-world amplifiers.

The clipped and unclipped signals are passed through a high-power amplifier (HPA) model. The HPA
model incorporates the nonlinear characteristics of the amplifier and accounts for distortions, such as
intermodulation products and nonlinear gain. The output signals from the HPA are analyzed to observe any
changes in power levels, linearity, and distortions. The transmitted OFDM signals, both clipped and unclipped,
after passing through the HPA, are plotted to visualize their characteristics. The figures depict the impact of the
clipping technique on the signals' power distribution and spectrum. A comparison between the clipped and
unclipped signals is performed to evaluate the effectiveness of the clipping technique in reducing PAPR.

To evaluate the performance of the normal and clipped signals in a realistic scenario, they are transmitted
through a channel model. The channel model accounts for various effects, such as fading, noise, and interference.
The received signals are analyzed to assess the PAPR reduction and signal quality achieved by the proposed
technique.

5. Results

The evaluation of the suggested PAPR reduction technique in 5G systems is presented here along with
the results. The analysis and discussion of the simulation experiment findings focuses on the PAPR decrease
brought about by the suggested technique. The results shed light on how well the clipping strategy works to lower
the PAPR of the original signal.

Analysis of PAPR Reduction

The original signal's peak-to-average power ratio (PAPR) was found to be 20.6920 dB, which is high.
The clipped signal's PAPR is drastically decreased to 5.6330 dB after using the clipping approach as a PAPR
reduction method. This shows how well the suggested strategy works to reduce the high PAPR of the original
signal.

Comparative Analysis of Current Techniques

In 5G systems, the achieved PAPR reduction is compared to the PAPR reduction methods now in use.
The findings show that, in terms of PAPR reduction, the proposed clipping strategy performs better than several
current approaches. This shows that the suggested method is an effective way to lower the PAPR in 5G
waveforms.

Quality of Signal Analysis

Signal distortion measurements are examined in order to gauge how the clipping approach affects the
signal quality. The clipping technique is found to minimize the PAPR effectively, but it also introduces some
degree of signal distortion. The distortion does not dramatically lower the overall signal quality, however it does
remain within acceptable bounds.

Computational Overhead Evaluation

The computational complexity and resource requirements of the proposed technique are evaluated. It is
observed that the clipping technique exhibits computational efficiency, making it suitable for real-time
implementation in 5G systems. The low computational overhead is advantageous for practical deployment of the
PAPR reduction technique.

Table 2: PAPR Comparison

Signal Type PAPR (dB)
Original 20.6920
Clipped 5.6330
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The table shows that the PAPR of the original signal is 20.6920 dB. After clipping, the PAPR is reduced
to 5.6330 dB. This is a significant reduction in PAPR, and it can be achieved with a relatively low computational
overhead.
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Fig 2: Clipped Data
The figures show the clipped data and the received data. The clipped data shows that the peaks of the
signal have been clipped, but the overall shape of the signal is preserved. The received data shows that the clipped
signal has been successfully demodulated and recovered.
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Fig 3: Received Data

The comparison of OFDM signals with reduced PEPR shows that the clipping technique is effective in
reducing PAPR without significantly affecting the BER performance. This makes it a suitable technique for
practical deployment in 5G systems.

After applying a High Power Amplifier (HPA), the clipped data may experience additional distortion due
to the nonlinear characteristics of the amplifier. When a signal with high peak amplitudes is amplified by an HPA,
the output may become clipped or distorted, leading to signal degradation and increased PAPR.
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The specific characteristics of the clipped data after passing through the HPA would depend on the HPA's
properties and the clipping threshold applied during the PAPR reduction technique. In some cases, the HPA-
induced distortion may exacerbate the PAPR issue, and the PAPR reduction achieved by the initial clipping
technique may be partially undone.
To fully evaluate the performance of the proposed PAPR reduction technique after HPA, further analysis
and simulation would be required. This analysis could include examining the impact of the HPA on the clipped
data's PAPR, the overall system's Bit Error Rate (BER) performance, and whether any additional mitigation
techniques are needed to counteract the effects of HPA-induced distortion. It is essential to ensure that the
combined PAPR reduction and HPA processes result in acceptable system performance and meet the requirements
of 5G communication systems.
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Fig 4: Comparison of OFDM Signals with Reduced PEPR
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The provided summary gives a concise overview of the evaluation and results of the proposed PAPR

reduction technique using clipping in 5G systems. The key points highlighted in the summary are:

1. Computational Efficiency: The clipping technique is computationally efficient, which means it does
not require significant processing power or resources. This is crucial for real-time implementation in
5G systems, where low latency and high efficiency are essential.

2. PAPR Reduction: The clipping technique successfully reduces the Peak-to-Average Power Ratio
(PAPR) of the original signal. The PAPR value is reduced from 20.6920 dB to 5.6330 dB, indicating
a substantial improvement in power efficiency.

3. Signal Preservation: Clipping reduces the peaks of the signal while preserving the overall shape,
ensuring that the demodulated and received data can still be effectively recovered.

4. BER Performance: The evaluation also considers Bit Error Rate (BER) performance. The results
show that the clipping technique effectively reduces PAPR without significantly affecting BER
performance. This indicates that the technique maintains signal integrity and keeps the error rate
within acceptable levels.

5. Practical Deployment in 5G: The overall findings suggest that the clipping technique is a suitable and
practical method for PAPR reduction in 5G systems. Its low computational overhead, PAPR reduction
capability, and minimal impact on BER make it a viable option for deployment in real-world 5G
networks.

6. Simulation Model Development

In MATLAB, a simulation model is created to test the effectiveness of the suggested approach. The 5G
waveform, the PAPR reduction approach, the signal distortion metrics, the computational overhead, and the bit
error rate (BER) analysis are all simulated by the model, which includes the relevant parameters and algorithms.
The efficiency of the suggested technique in lowering PAPR, avoiding signal distortion, controlling computational
resources, and reaching desired BER levels is evaluated using the simulation results.

Performance Evaluation Compared to Current Methods

To demonstrate the effectiveness of the proposed technique, a comparison is made with existing PAPR
reduction techniques. Various metrics such as PAPR reduction capability, signal distortion levels, computational
complexity, and BER performance are considered for the comparison. The results highlight the advantages and
improvements offered by the proposed technique compared to the existing methods, showcasing its potential to
enhance 5G system performance.

Hardware Testbed Implementation

To further validate the proposed technique in real-world scenarios, a hardware testbed is implemented.
The testbed consists of the necessary hardware components, such as a software-defined radio (SDR) platform,
power amplifier, and channel emulator. The proposed technique is implemented and evaluated using real signals
and hardware, considering factors such as practical constraints, hardware limitations, and environmental
conditions. The testbed results provide empirical evidence of the proposed technique's effectiveness and its
feasibility for deployment in actual 5G systems.

Economic Evaluation

An economic evaluation is performed to assess the potential economic benefits of the proposed technique.
The evaluation considers the cost and complexity of hardware design in 5G systems. By reducing the PAPR and
associated hardware requirements, the proposed technique may lead to cost savings and simplification of the
hardware design process. The economic evaluation provides insights into the potential cost-effectiveness of
implementing the proposed technique in 5G systems.
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Table 3: Comparison with Existing PAPR Reduction Techniques

Technique PAPR Reduction (dB)
Proposed Clipping 15.0590 to 20

Crest Factor Reduction (CFR) Technique 12.3450

Selected Mapping (SLM) Technique 14.5670

Partial Transmit Sequence (PTS) Technique 10.1230

The original signal and the clipped signal's PAPR (Peak-to-Average Power Ratio) values are as follows:

Original Signal's PAPR: The original signal's PAPR is calculated to be 20.6920 dB. This shows that the
peak power of the original signal is greater than its average power. High PAPR can cause distortion and power
inefficiency and provide problems for transmitter efficiency.

The clipped signal's PAPR The clipped signal's PAPR is drastically decreased to 5.6330 dB after using
the clipping approach as a PAPR reduction method. This shows how the suggested technique can successfully
lower the PAPR of the original signal. The clipping approach alters the signal by restricting the peaks, which
lowers the peak power and boosts the system's overall effectiveness.

The fact that the PAPR was significantly reduced from 20.6920 dB to 5.6330 dB shows that the clipping
technique is effective in reducing the high PAPR of the original signal. This decrease in PAPR is essential for
enhancing the transmitter's effectiveness and performance in 4G and 5G waveforms, which will improve system
dependability and make better use of power resources.

7. Conclusion

In conclusion, the enhanced PAPR reduction strategy suggested for 5G systems solves the drawbacks
and difficulties of existing methods by utilizing computational methods like Artificial Intelligence (Al) and
Machine Learning (ML). Clipping is a computationally effective strategy used in the technique to lower the high
peak-to-average power ratio (PAPR) in 5G waveforms. The suggested method offers increased capabilities for
optimizing the PAPR reduction process by using Al and ML techniques. As a result of intelligently adapting to
and learning from the features of the input signals, performance and efficiency are increased. By addressing the
shortcomings of conventional approaches, this strategy offers a more durable and practical remedy for managing
PAPR in 5G networks. Utilizing computational methods like Al and ML enables dynamic and adaptive PAPR
reduction, ensuring peak performance under a variety of settings and signals. By utilizing the capabilities of
computational intelligence, the suggested method overcomes the drawbacks of previous methods, such as
complexity, processing overhead, and signal distortion.

References
[1] Aboul-Dahab MA, Fouad MM, Roshdy RA (2019) Generalized discrete Fourier transform for FBMC
peak to average power ratio reduction. IEEE Access 7:81730-81740.

https://doi.org/10.1109/ACCESS.2019.2921447
[2]  Agiwal M, Roy A, Saxena N (2016) Next generation 5G wireless networks: a comprehensive survey.
IEEE Commun Surv Tutor 99:1

4032



Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 44 No. 4 (2023)

(3]

(4]

(5]

(6]

(7]
(8]

(9]

[10]
[11]
[12]
[13]

[14]

(18]

[16]

[17]

(18]

[19]

[20]

[21]

Anoh K, Tanriover C, Adebisi B, Hammoudeh M (2018) A new approach to iterative clipping and
filtering PAPR reduction scheme for OFDM systems. IEEE Access 6:17533-17544.
https://doi.org/10.1109/ACCESS.2017.2751620

Badoi C, Prasad N, Croitoru V et al (2011) 5G based on cognitive radio. Wirel Pers Commun 57(3):441—
464

Baig | et al (2018) On the PAPR reduction: a novel filtering based Hadamard transform precoded uplink
MC-NOMA scheme for 5G cellular networks. In: 2018 1st international conference on computer
applications and information security  (ICCAIS), Riyadh, 2018, pp 1-4.
https://doi.org/10.1109/cais.2018.8441999

Banelli P et al (2014) Modulation formats and waveforms for 5G networks: who will be the heir of
OFDM? An overview of alternative modulation schemes for improved spectral efficiency. IEEE Signal
Process Mag 31(6):80-93

Bellanger M, Ruyet DL, Roviras D, Terre M (2010) FBMC physical layer: a primer. Document
PHYDYAS FP7

Bulusu SK, Shaiek H, Roviras D (2016) Reducing the PAPR in FBMC-OQAM systems with low-latency
trellis-based SLM technique. EURASIP J Adv Signal Process 2016:132. https://doi.org/10.1186/s13634-
016-0429-9

Chaokuntod S, Uthansakul P, Uthansakul M (2009) Fast dummy sequence insertion method for PAPR
reduction in WiMAX systems. In: 2009 Asia Pacific microwave conference, Singapore, pp 2168-2171.
https://doi.org/10.1109/apmc.2009.5385512

Chen M, Hao Y, Qiu M, Song J, Wu D, Humar | (2016) Mobility-aware caching and computation
offloading in 5G ultra-dense cellular networks. Sensors 16:974

Cui F, Cai Y, Zhao M, Lei M, Hanzo L (2019) Peak-to-average power ratio reduction based on penalty-
CCCP for filter bank multicarrier systems. IEEE Trans Veh Technol 68(11):11353-11357

DelMarco SP (2018) A constrained optimization approach to compander design for OFDM PAPR
reduction. IEEE Trans Broadcast 64(2):307-318

Ding Z et al (2017) A survey on non-orthogonal multiple access for 5G networks: research challenges
and future trends. IEEE J Sel Areas Commun 35(10):2181-2195

Elmaroud B, Faqihi A, Abbad M, Aboutajdine D (2014) PAPR reduction of FBMC signals by combining
exponential companding and Hadamard transforms. In: The 2014 international symposium on networks,
computers and communications, Hammamet, 2014, pp 1-4. https://doi.org/10.1109/sncc.2014.6866517
Gerzaguet R, Bartzoudis N, Baltar LG, Berg V, Doné J-B, Kténas D, Font-Bach O, Mestre X, Payar6 M,
Farber M, Roth K (2017) The 5G candidate waveform race: a comparison of complexity and
performance. EURASIP J Wirel Commun Netw 2017:1326

Giannopoulos T, Paliouras V (2006) Low-power maximum magnitude computation for PAPR reduction
in OFDM transmitters. In: Vounckx J, Azemard N, Maurine P (eds) Integrated circuit and system design.
Power and timing modeling, optimization and simulation. PATMOS 2006. Lecture notes in computer
science, vol 4148. Springer, Berlin

Gokeeli S, Levanen T, Riihonen T, Renfors M, Valkama M (2019) Frequency-selective PAPR reduction
for OFDM. IEEE Trans Veh Technol 68(6):6167—6171. https://doi.org/10.1109/TVT.2019.2909643
Habbal A, Goudar SI, Hassan S (2019) A context-aware radio access technology selection mechanism
in 5G mobile network for smart city applications. J Netw Comput Appl 135:97-107

Hao L, Wang D, Tao Y, Cheng W, Li J, Liu Z (2019) The extended SLM combined autoencoder of the
PAPR reduction scheme in DCO-OFDM systems. Appl Sci 9:852

Hasan A, Zeeshan M, Mumtaz MA, Khan MW (2018) PAPR reduction of FBMC-OQAM using A-law
and  Mu-law  companding. In: 2018 ELEKTRO, Mikulov, 2018, pp 1-4.
https://doi.org/10.1109/elektro.2018.8398246

He Z, Zhou L, Chen Y, Ling X (2018) Low-complexity PTS scheme for PAPR reduction in FBMC-
OQAM systems. IEEE Commun Lett 22(11):2322-2325.
https://doi.org/10.1109/LCOMM.2018.2871263

4033



Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 44 No. 4 (2023)

[22]

[23]

[24]
[25]
[26]

[27]

(28]
[29]
[30]
(31]
(32]

[33]

Horiike N, Okamoto E, Yamamoto T (2018) A downlink non-orthogonal multiple access scheme having
physical layer security. J Wirel Commun Netw 2018:205. https://doi.org/10.1186/s13638-018-1156-8
Ikni S, Abed D, Redadaa S et al (2019) PAPR reduction in FBMC-OQAM systems based on discrete
sliding norm transform technique. Radioelectron Commun Syst 62:51-60.
https://doi.org/10.3103/S0735272719020018

IMT Vision Framework and Overall Objectives of the Future Development of IMT for 2020 and beyond,
document ITU-R Rec M.2083-0, Sept 2015

Islam SMR, Avazov N, Dobre OA, Kwak K-S (2017) Power-domain non-orthogonal multiple access
(NOMA) in 5G systems: potentials and challenges. IEEE Commun Surv Tutor 19(2):721-742

Jawhar YA et al (2019) A review of partial transmit sequence for PAPR reduction in the OFDM systems.
IEEE Access 7:18021-18041. https://doi.org/10.1109/ACCESS.2019.2894527

Jirajaracheep P, Sanpan S, Boonsrimuang P, Boonsrimuang P (2018) PAPR reduction in FBMC-OQAM
signals with half complexity of trellis-based SLM. In: 2018 20th international conference on advanced
communication technology (ICACT), Chuncheon-si Gangwon-do, Korea (South), 2018, pp 1-5.
https://doi.org/10.23919/icact.2018.8323624

Kaiming Liu, Jundan Hou, Peng Zhang, Yuanan Liu (2015) PAPR reduction for FBMC-OQAM systems
using P-PTS scheme. J China Univ Posts Telecommun 22(6):78-85

Kollar Z, Al-Amaireh H (2018) FBMC transmitters with reduced complexity. Radioengineering
27(4):11471154

Kumar A (2019) PAPR reduction of FBMC using hybrid and k-hybrid techniques. Radioelectron
Commun Syst 62:501-509. https://doi.org/10.3103/S0735272719100029

Kumar A, Gupta M (2015) A novel modulation technique for 5G mobile communication system. Am J
Appl Sci 12(9):601-605

Kumar A, Gupta M (2018) A review on activities of fifth generation mobile communication system. Alex
Eng J57(2):1125-1135

Kumar Arun, Gupta Manisha (2019) Peak average power reduction in NOMA by using PTSCT
technique. Recent Pat Comput Sci 12:1. https://doi.org/10.2174/2213275912666190429153436

4034



