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Abstract: - Wireless Communication has been witnessing generational change in the span of eight to ten years since it
came in existence. From generation 1G to 3G and from 4G to 5G the telecommunication world has seen significant
improvements along with enhanced performance with every passing year. The objective of research is to comprehensive
study of Filtered Orthogonal Frequency Division Multiplexing (F-OFDM) as a promising waveform option for fifth-
generation (5G) communications, distinguished by its capacity to suppress out-of-band emission (OOBE) and
accommodate asynchronous transmission. Though there are many advantages but the challenge of a high peak-to-
average power ratio (PAPR) among new waveform candidates can’t be ignored. To address this problem, the selective
mapping technique is used as a key method to alleviate the elevated PAPR trend within multicarrier systems. This
research put emphasis on applying selective mapping technique to overcome the high PAPR values in an F-OFDM
system with different windowed filters such as kaiser, Nuttles blackman harris and Root raised cousine followed by a
proposed Modified Selective mapping technique for further improved performance in terms of PAPR for the Filtered
OFDM for different window functions in comparison with the conventional OFDM system, SLM F-OFDM system.
Furthermore, PAPR performance is evaluated for all the three-system using the different window techniques analyzed
for both systems, both with and without the SLM technique and Modified SLM technique to mitigate the PAPR
disadvantage of the Filtered OFDM system. Simulation results underscore that F-OFDM enhanced by SLM and MSLM
outperforms OFDM across PAPR.

Keywords: Windowed methods, Fifth generation, Filtered OFDM, RRC window, Kaiser window, Nuttall’s blackman-
harris window, Peak-to-Average Power Ratio, Selective Mapping.

l. INTRODUCTION

The new age wireless communication systems represent a remarkable advancement beyond the present 4G LTE
standards. These advancements in the wireless communication not only revolutionized mobile communication but
also the transportation, medical, defence and security, pharmaceutical, high-speed vehicles, and diverse
manufacturing industries. This surging demand for wireless services includes many aspects such as Massive
Machine Communication (mMTC), Ultra Reliability and Low Latency (URLLC), and Enhanced Mobile
Broadband (eMBB), as well as the seamless transmission of videos and real-time content delivery. One of the key
One of the key drivers for the competition in fifth-generation technologies is 10T-based services. for the competition
in fifth-generation (5G) technologies is 10T-based services. To achieve these ambitious targets, the next-generation
technologies need to deliver high-speed broadband, exceptionally reliable connectivity, and ultra-low latency.
Achieving lower communication latency is pushing us to upgrade the existing communication system to enhance
data rates and spectral efficiency. The evolution to 5G standards includes the design and development of improved
mobile communication channel models, amplification devices, modulation schemes, and encoding and decoding
algorithms. These technological evaluations align with the goal to deliver the high standards set by 5G. In addition,
addressing spectral efficiency concerns, the industry has proposed a novel radio waveform known as Filtered
OFDM (F-OFDM), introduced by 3GPP. This proposed Filtered OFDM waveform influences the capacity to
improve spectral efficiency by reducing out-of-band radiation, contributing to the overall improvement of
communication systems.

Orthogonal Frequency Division Multiplexing is the widely accepted modulation technique in a wireless
communications system because it lets control the inter-symbol interference and offers flexibility against frequency
selective fading. As filtering increases the spectral efficiency and limits the out-of-band emissions, Filtered OFDM
is the attempt to enhancing OFDM seeking to overcome its limitations via the filtering means [1]. F-OFDM radio
waveform also has a potential to become a waveform contender for 5G systems. In particular, F-OFDM has a
generally easier design, it also supports orthogonal transmission, and reduced PAPR complexity due to approaches
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described in the paper. Furthermore, the increased spectral efficiency, reduced computational complexity, and
lower latency [2]. One novel method for waveforms modulation in wireless networks based on Universal Filtered
Multicarrier, depending on the sub-band size, the sub-band filter configuration is modified to reduce interference
and ICI or frequency selectivity. Filter length causes increased ICI and decreased ISCI, according to the
investigations. In this method, the filter length is optimized and the symbol utilization and SINR are increased 1 to
3 dB [3]. Two aspects of research are presenting a simplified UFMC receiver structure. After receiving the UFMC
symbol through 2N-point FFT and decimation, a simplified equivalent of the received symbol lies. Instead of the
2N-point FFT processor and decimator, the computational complexity is halved by using a single N-point FFT
processor. Thus, the simplified UFMC receiver model appears to be almost an OFDM receiver [4].

Another challenging issue in OFDM systems is the Peak-to-Average Power Ratio limitation, as a result of high
PAPR, signals can be prone to distortion and increases the system’s power-efficiency consumption. Multiple
methods have been proposed to resolve the PAPR problem with OFDM. As shown in, the Two-piecewise linear
companding technique accurately reduces PAPR with a low computational effort compared to traditional
companding methods [5]. The proposed PAPR reduction model in can be utilized for OFDM-Index Modulation
systems as it reduces PAPR using phase rotation factors and variously rotates signals on selected partial sub-carriers
[6]. Apparently, Selective mapping is a well-accepted method to reduce the PAPR in OFDM systems particularly
in 5G systems. With nearly two decades, SLM has been studied and noticed and applied for various OFDM systems
to combat the PAPR problems and developed a special SLM methods for the variants of them; Alamouti coded
MIMO-OFDM system, downlink power domain OFDM-NOMA systems [7], UW-OFDM systems [8], wavelet-
based cognitive radio for OFDM system [9], and non-coherent OFDM-IM system [10].

Selective mapping has been proven to be an efficient tool in combating PAPR problems in OFDM signals since
it is fairly distortion less, has high PAPR reduction performance, and can be readily tailored to a diverse array of
OFDM systems [11]. As a result, SLM has been suggested as a viable option for PAPR reduction, and a variety of
investigations have demonstrated that SLM could be critical to enhancing the performance of forthcoming MIMO-
OFDM systems and the functionality and system of Massive MIMO systems for the future generation wireless
communication [12]. In addition, some different versions of SLM with different matrices such as the Walsh
Hadamard and Riemann matrices have been recommended, and the most used one is as follows [13].

SLM is a notable and recognized PAPR reduction technique in OFDM, used to achieve both spectral and power
efficiency, comparably to Partial Transmit Sequence (PTS) [14],[15]. For instance, SLM proved to be multi-
dimensional as it adapted to different communication technologies that included visible light communication
systems [16]. Overall, the research scenario highlights the importance of SLM in solving PAPR challenges in
OFDM systems, and demonstrates its flexibility, efficiency and effectiveness to reduce PAPR and provide
communication systems the performance improves, especially in the case of emerging technologies such as 5G
networks.

Il. FILTERED OFDM SYSTEM MODEL

Filtered Orthogonal Frequency Division Multiplexing (OFDM) is a key method for improving how efficiently
we use spectrum and energy in upcoming wireless communication systems, particularly in networks beyond 5G.
Moreover, the filtered OFDM can be represented as a variant of the family of evolved OFDM protocols such as
the GFDM (Generalized Frequency Division Multiplexing) and the UF-OFDM (Universal Filtered OFDM) which
anticipated a fundamental role on the evolution of mobile communications beyond fifth generation networks (B5G)
[17]. Additionally, there's ongoing research into new waveforms for 5G, considering the strengths and weaknesses
of different options like OFDM and filter-bank multi-carrier (FBMC) [18]. Although OFDM has been widely used
in previous communication systems, it might not meet the ambitious target set for 5G networks [19], So, the new
waves like Filter Bank Multi-Carrier (FBMC), Universal Filtered Multi-Carrier (UFMC), Generalized Frequency
Division Multiplexing (GFDM) etc. are emerging. These alternatives are meant to be OFDM expansion and offers
solutions to existing demand problems by 5G also Future networks [20].

Filtered Orthogonal Frequency Division Multiplexing (F-OFDM) is the possible waveform in which two filters
are applied across the frequency spectrum, one for the transmitter and one for the receiver. Block diagram
represents the F-OFDM concept as shown in figure 1. The F-OFDM signal in the transmitter is processed using
OFDM before it reaches the transmitter filter in this system. At the receiver, the Filtered OFDM signal goes through
a filter that matches the transmitter's filter, shaping the spectrum. This receiver filter helps block out unwanted
signals from nearby sources, ensuring that the OFDM signal is protected from interference. Reducing the- high
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out-of-band emission (OOBE) levels that are- inherent to the OFDM syste-m is the main goal of the transmitter's
filter. This modification concurrently reduces latency and allows for asynchronous transmission. Consequently,

"EE

-

Figure 1: Filtered OFDM system model
this supports spectral efficiency, which is essential for fulfilling the requirements of 5G technology. Conversely,
the architecture of the system becomes more complex as a result of the filter's integration.

Furthermore, the inclusion widens the power distribution among samples, which increases the Peak-to-Average
Power Ratio (PAPR) as a result of the filter's effect. This ultimately causes the mean signal power to decrease,
which worsens PAPR performance. Consequently, higher PAPR and a higher computational load on the system
accompany the enhanced spectral efficiency of F-OFDM.

Il. FILTER DESIGN

In the Filter OFDM section, designing of filter plays vital role in achieving dual goal of frequency localization
of signal and increasing the flexibility between time and frequency localization. This focus on frequency-domain
localization can lead to extensions in the time domain. In the next section, we present an example of a filter scheme
that balances time and frequency localization to illustrate. This method uses a soft cut of the prototype filter, using
a time-domain window with seamless transitions. In the OFDM system, the signal has a rectangular pulse pattern
that is reminiscent of a windowed sinc function. This reasons significant aspect lobes on each end of the signal's
frequency area, which lead to suboptimal frequency spectrum localization. A foremost desire on this research is a
sinc impulse reaction clear out, essentially a low-pass filter (LPF), due to its potential in suppressing Out-of-Band
Emission (OOBE).

The Filter preserves the pass band integrity of the signal. Additionally, the application of a time windowing
mask is implemented to improve time localization and ensure smooth transitions at both ends of the filter's impulse
response in time domain. The final finite impulse response (FIR) filter named windowing sync filter is obtained by
multiplying the sync function by three different window functions: Kaiser, Nuttall's Blackman Harris and Routed
Raised Cosine (RRC), finite one -Time-zone window it further enhances performance. A windowing-sync filter,
also known as a final finite impulse response (FIR) filter, is constructed by multiplying the sync functions by
window functions: Kaiser, Nuttall's Blackman Harris, and rooted raised cosine (RRC), finite-time -1. Region
windows for greater efficiency.

As a result, the filter's bandwidth can be defined as the collective frequency span that includes the allocated
subcarriers. Furthermore, the use of windowing in the truncated filter response ensures a reasonable level of time
localization. Due to increased bandwidth of both transmission (Tx) and reception (Rx) filters in comparison to
subcarrier spacing, the primary temporal extent of the end-to-end time domain filter is significantly shorter than
the OFDM symbol length. Furthermore, this extent is quite smaller than the Cyclic Prefix (CP) length when the
filter's tail forms the side lobe and the filter's head does not result in an overhead.

As a consequence, the time-domain sinc impulse response filter can be mathematically expressed as:
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F(n) = w(n) * LPF(n) ()
where LPF(n) represents the sinc impulse response filter.
In the given context,
(1) Kaiser window function is represented as:

ksr(n) = .0<sn<M 2

beta= 0.5. The length of the window is N = M + 1. For the designing of an FIR filter with side lobe attenuation
of a dB, the Kaiser window function should be implemented by using the following .

0.1102(a — 8.7), a>50
B =1{0.58(a — 21)°4 + 0.078(a — 21),50 > a > 21
0, a<21

The increment in value of § will increase the width of the main lobe and reduces the amplitude of the side lobes
as well thereby increases the attenuation.

(2) Nuttall's Blackman-Harris window function is represented as:
nutl(n) = a — b. cos( ) + c.cos (M T;) —d.cos (%),n =012,...M—1 (3)
The following equation defines the periodic Nuttall four-term Blackman-Harris window.
nutl(n) = a — b. cos(M)+c cos(Mn) d. cos( ) n= 012,..M -1
4

The periodic window is N-periodic.
The window coefficients are, a =0.363, b = 0.48, ¢ = 0.136, d = .0106.

(3) RRC window function is represented as:

a

rrc(n) = [0.5 {1 — cos (%)}] (5)

where "a" serves as the roll-off factor. This parameter determines the shape of the window, with the constraint

O<a<l. To achieve greater flexibility in filter design and a harmonious balance of time and frequency localization,

the length of the F-OFDM filter is allowed to surpass the length of the Cyclic Prefix (CP). This augmented filter

length improves the design's flexibility. In this context, the F-OFDM filter must meet key criteria such as transition

sharpness, passband flatness, and stopband attenuation. On the other hand, increasing the filter setting results in

complexity. Consequently, it is prudent to increase the length of the filter above a certain threshold to reduce
complexity.

The RRC window's roll-off factor adds an additional layer of control to create a solid balance of time and
frequency localization. However, this window must have smooth transitions at both ends to avoid sudden spikes at
the start and end of the truncated filter. This technique blocks unintended frequency spillover in the truncated filter.
thus, the roll-off factor emerges as an important parameter for shaping the window, providing additional flexibility
for coordinating time and frequency localization, as a result of its advantageous characteristics, the RRC window
is better suited for OFDM system filtering than other windows.

IV. PAPRPROBLEM

Usually, multicarrier systems such as Orthogonal frequency division multiplexing, the baseband signal is
directed to the Inverse Fast Fourier Transform (IFFT) unit, which modulates the subcarriers with data symbols.
Consequently, the OFDM signal is represented by:

j2mkn
Ofam(n) = ZNP YOxrame” WP for0<n < NP -1 ©)
In the given equation,Ofdm(n) refers to the complex block data of the M subcarriers after constellation
mapping. This factor is chosen as a multiple of the Nyquist rate to ensure precise computation of Peak-to-Average
Power Ratio (PAPR) values. Time domine OFDM signal is generated by simultaneously applying the IFFT
operation to the subcarriers. These subcarriers are differentiated by their independence and different phases.
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Occasionally, the subcarriers' phases coincide in the same direction, resulting in a higher peak power than the
signal's average. Consequently, The PAPR of an OFDM signal is the ratio of the maximum peak power,

|0ram () |2, to the average power of the signal, E{ |0ram (M) |2}
Max|0fdm(nﬂ2
E{ |0 famm|’}

In the equation, the complementary cumulative distribution function (CCDF) is commonly used to assess the
likelihood of the signal's Peak-to-Average Power Ratio (PAPR) surpassing a particular threshold value (PAPRy).

CCDF = Pr(PAPR > PAPR,) (8)
=1 — (1 — e~PAPRo)NP

PAPR = )

V. SELECTIVE MAPPING TECHNIQUE FOR FILTERED OFDM

The higher Peak-to-Average Power Ratio (PAPR) is a possible difficulty for the F-OFDM system. The presence
of a transmitter filter causes a broader distribution of power across samples because the filter length exceeds the
cyclic prefix (CP) period; as a result, the mean power of the signal decreases, causing a significant expansion in
the gap between the maximum peak power and the mean power of the F-OFDM signal. Therefore, the F-OFDM
system outperforms the standard OFDM system in terms of PAPR. In this study, three windowed filters are
evaluated for the targeted parameter, PAPR, in terms of OFDM signal, so that the best filter can be selected based
on simulation results in terms of PAPR, power spectral density, and system complexity.

The traditional Selective Mapping (SLM) technique involves creating multiple data blocks with the same
information, which are then array-multiplied by different phase vectors, as depicted in figure 2. The sequence with
the lowest Peak-to-Average Power Ratio (PAPR) is chosen for transmission. Each data block is multiplied by W
different phase sequences, each of length N and designated as W(u), yielding N new (modified) data blocks. The
input data is available in each data block Y of length N. The data blocks are then multiplied factor by factor using
a phase sequence.

W® = [Wyo,Wyr . Wynoa] ou=0,1..,0 ©)

"y

Resulting in U transformed data blocks,
N
y® = [Yu,o, Yu,l,........,yu,N—l] (10)

where, Y, , = Y Wy, k=01...,N=-1

After that, the N-point IFFT of each data block is performed; the resulting signal is provided as:

1 oN-1 (jzrrkn)
y*(n) :ﬁZkzo Y Wyre'' v /,n=0,1...,U—-1 (11)
Pseudo random sequence is randomly generated exponential sequences, which is defined as:
WY = e/® where ®u € [0,2m] (12)
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W(1)

Figure 2: Selective Mapping Filtered OFDM system model

This section compares OFDM and F-OFDM waveforms using and without selective mapping techniques. The
evaluation considers peak-to-average power ratio (PAPR) performance and frequency localization. The simulation
frame parameters are defined as follows: N is set to 3000 in order to meet 5G requirements, and U is set to 2 to 32
to analyze the performance of the SLM technique with different phase sequences. For the F-OFDM case, a Low-
Pass Filter (LPF) and three windowing masks are used to compare the results: Kaiser, Nuttall's Blackman Harris,
and Rooted Raised Cosine (RRC) with a roll-off factor of value 0.6. To evaluate the PAPR, the Complementary
Cumulative Distribution Function (CCDF) is considered across 3000 sub frames for both OFDM and F-OFDM,;
other simulation parameters are listed in the table below for the 5G scenario.

5.1. Simulation PAPR Performance
This subsection assesses the Peak-to-Average Power Ratio (PAPR) performance of OFDM and F-OFDM, with
a focus on the Selective Mapping (SLM) method. To meet the 5G requirement of having a system bandwidth of
200 MHz and a subcarrier spacing of 60kHz, the system can handle a total of 3333 subcarriers; however, some of
the subcarriers are used for guard intervals, so the effective number of careers for the system on which the PAPR
performance for SLM technique is carried out is 3000 sub carriers.
TABLE 1. F-OFDM Simulation specifications

Parameters Values
Multi-carrier modulation schemes | OFDM, F-OFDM
F-OFDM IFFT/FFT length 2048
Modulation 256-QAM
Number of active subcarriers 3000
Order of the Filter 512, 1024
Subcarrier spacing 60 kHz
Channel AWGN
F-OFDM symbol duration 16.67 us
CP duration 1.17 ps
F-OFDM symbol duration with CP 17.84 us
Bandwidth 200 MHz

The simulation resolution in the figure 3 shows that the PAPR for the Kaiser window function at the clip
rate 10~* for the OFDM without filter is 12.81dB. For F-OFDM with the Kaiser window function, the PAPR
increased up to 14.97dB with a 2.16dB increase. Similarly, for the Nuttall's Blackman Harris window function
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shown in the figure 4, the PAPR is 14.92dB, which is increased by 2.11dB, and for the RRC window function
PAPR for F-OFDM is 14.89dB shown in the figure 6, which is 2.08dB higher than that of OFDM. To overcome
this increased PAPR for all the three-window functions, we implemented the conventional selective mapping
technique, in which the number of phase sequence plays a vital role in the performance of PAPR. We can see from
the simulation results from the figure for the all three windows that if we keep on increasing the U (humber of
phase sequences), we can observe the drastic decreased PAPR, but this improved performance comes at the cost
of an increase in system complexity. We can also see from the results that after U=16, there is no search huge
decrement in PAPR value. It has been observed from the simulation results that the PAPR values for SLM-OFDM
and SLM-F-OFDM (for U=16) stand at 9.83dB and 11.59dB respectively for Kaiser window, 11.53dB for SLM-
F-OFDM (for U=16) with Nuttall's Blackman Harris window and 11.23dB for the SLM-F-OFDM (for U=16) with
RRC window.

The longer length of the filter in the F-OFDM waveform contributes to a lower mean power when compared to
the OFDM standard. As a result, the difference between the peak amplitude and the signal's mean value widens,
resulting in decline PAPR performance. The SLM approach minimizes correlation among samples within
subblocks, which alters sample phases. This adjustment minimizes the signal's peak amplitude, hence improving
PAPR performance. As a result, both analysis and simulation demonstrate that the F-OFDM waveform candidate
has a high PAPR, affecting the efficiency of the transmitter's power amplifier. However, effective solutions such
as SLM can be utilized to address this issue, potentially resulting in a PAPR decrease of more than 3 dB over the
original system.
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TABLE 2. SLM PAPR at Clip Rate 10~*

Kaiser FOFDM Nuttall's Blackman RRC FOFDM

without SLM Harris FOFDM without without SLM
14,97 dB SLM 14.89 dB

14,92 dB
No. of Phase Kaiser FOFDM with Nuttall's Blackman Harris RRC FOFDM with
Sequences SLM FOFDM with SLM SLM

U=2 14,51 dB 14.44 dB 14.41 dB
U=4 13.38 dB 13.28 dB 13.17 dB
U=8 12.52 dB 12.41 dB 12.29 dB
Uu=16 11.59 dB 11.53dB 11.23 dB
U=32 11.20 dB 11.16 dB 11.00 dB

V1. MODIFIED SELECTIVE MAPPING TECHNIQUE FOR FILTERED OFDM

The Discrete Sine Transform (DST) is a mathematical transformation that is closely related to the Fourier
transform, much like the Discrete Fourier Transform (DFT). However, the DST employs a matrix made up entirely
of real values. It corresponds to the imaginary components of a DFT that are approximately twice the length. This
operation is performed on real data with odd symmetry. DSTs are widely used to solve partial differential equations
with spectral methods. The various DST implementations produce slightly different odd/even boundary conditions

Side information to transmit

—_—
Figure 4: Modified Selective Mapping Filtered OFDM system model
at the array's two ends. There are several versions of the DST, each with slight adjustments in their definition. In
this context, we consider DST-I, also known as DST.
The DST is given by:

. [k
y(k) =¥N_, x(n)sin (NL:;) k=12,..N (13)
The inverse DST (IDST) is given by'
x(n) = ——=YN_. y(k)sin (kﬂ—n) n=12..N (14)
N1 &k=1Y N+1/)’ S

The collection of complex exponential functions is not the exclusive orthogonal foundation for generating
baseband single-carrier signals. A single set of cosine and sine functions can also be utilized to provide an
orthogonal basis, making the single-carrier system simpler to implement. As shown in Figure the transceiver block
diagram of the MSLM system the transmitter starts by encoding the input data sequence for the "u-th™ user.
Following that, the coded bits are converted into multilevel symbols using modulation formats such as quadrature
phase shift keying (QPSK) and 256-quadrature amplitude modulation (256 QAM). These modulated symbols are
then divided into blocks of N symbols and subjected to an N-point Discrete Sine Transform (DST). The subcarrier
mapping step distributes DST outputs across M (=N) designated subcarriers for transmission, leaving any unused
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subcarriers with zeros. Following an M-point Inverse Discrete Sine Transform (IDST) operation, a cyclic prefix
(CP) is added to the beginning of the IDST outputs.
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Figure 5: CCDF of SLM-MSLM using different window function with comparison

TABLE 3. Simulation Summary of PAPR at Clip Rate 10™*

Kaiser Filter | NBH Filter | RRC Filter
OFDM without Filter 12.81 dB 12.81 dB 12.81 dB
F-OFDM with Filter 14.97 dB 14.92 dB 14.89 dB
OFDM - SLM 9.83 dB 9.83 dB 9.83 dB
FOFDM with SLM (U=16) 11.59 dB 11.53 dB 11.23 dB
OFDM-MSLM 7.77 dB 7.77dB 7.77 dB
FOFDM with MSLM (U=16) 8.35dB 8.18 dB 7.82dB

It has been observed from the simulation results that the PAPR values for SLM-OFDM and SLM-F-OFDM
(for U=16) stand at 9.83dB and 11.59dB respectively for Kaiser window, 11.53dB for SLM-F-OFDM (for U=16)
with Nuttall's Blackman Harris window and 11.23dB for the SLM-F-OFDM (for U=16) with RRC window. And
further more using the proposed modified selective mapping the PAPR performance for the OFDM with MSLM
is 7.77dB now with the filtering techniques using Kaiser window PAPR at clip rate 10-4 is 8.35 (For U=16, with
Nuttall's Blackman Harris window MSLM-F-OFDM (for U=16) is 8.18dB and for RRC window (for U=16) is
7.82dB, which is almost nearer to the OFDM system PAPR performance to compensate the increased PAPR value.
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VIIl. CONCLUSION AND FUTURE WORK

The primary goal of this research work is to emphasize the PAPR performance of the Filtered OFDM waveform
framework, which is being explored as an option for 5G and beyond 5G. The PAPR performance of F-OFDM
using the SLM approach is assessed and compared with SLM-OFDM. The simulation findings show that the SLM
technique reduces Filtered OFDM's PAPR by nearer 3 dB, The fundamental disadvantage of using the SLM
approach to F-OFDM is the increased computing complexity of the system caused by the extra filter Furthermore,
in the SLM we proposed the modified SLM using DST to analysed the PAPR performance and simulation results
shows that it reduces PAPR to almost OFDM level which will mitigate the disadvantage of filtering produced for
the PAPR. therefore, the F-OFDM framework based on the DST-SLM technique is an appropriate waveform
design for 5G in terms of PAPR reduction performance, considering the balance of computational complexity and
performance. In our future study, we want to focus on reducing the computational complexity of DST-SLM-F-
OFDM without compromising performance.
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