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Novel Selective Mapping with Oppositional Hosted Cuckoo Optimization Algorithm for
PAPR Reduction in 5G UFMC Systems

A, JAYAMATHI*, T. JAYASANKAR, K. VINOTH KUMAR

Abstract: In recent times, there is a continuous requirement of achieving high data rates owing to an increase in the number of devices and significant demand for various
services with maximum reliability and minimum delay. It results in the development of fifth generation (5G) to offer better services with enhanced data rate. Recently, a major
alternative to OFDM technology for 5G networks called universal filtered multi-carrier (UFMC) is presented where every individual sub-band is filtered that reduces the OOB
radiation and eliminates guard band. But high peak-to-average power ratio (PAPR) is a crucial issue which arises from the utilization of several subcarriers to generate the
time domain transmission signal. For resolving this issue, this paper presents a novel selective mapping with oppositional hosted cuckoo optimization (SM-OHOCO) algorithm
for PAPR reduction in 5G UFMC systems. In the SM-OHOCO algorithm, rather than the generation of several random phase sequences, SM-OHOCO algorithm is performed
iteratively to attain a better solution with few searching rounds, showing the novelty of the work. As the optimization of phase sequence in the SLM technique is considered
as an NP hard optimization problem, the OHOCO algorithm is applied, which is derived by incorporating the concepts of the HOCO algorithm with oppositional based learning
(OBL) strategy. To validate the effective performance of the proposed SM-OHOCO algorithm, an extensive experimental analysis is performed to highlight the improved
performance in 5G networks. The resultant values pointed out the superior outcome of the proposed SM-OHOCO algorithm over the other existing methods in terms of
distinct measures
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1 INTRODUCTION [24]. It is noteworthy that UFMC preserves the essential

characteristics of OFDM, related to multiple-input
Fifth generation (5G) mobile communication multiple-output (MIMO) application.

technique is developed to offer high speed, with improved

safety and accessibility than current techniques of

transmission between user and machines. [1] The 5G 13 Npomt | x

transmission network is significant for wireless x| IDFTVi | —>| FilterF
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current techniques [6]. The presently utilized modulation e o

system, in 4G network, is orthogonal frequency division ) B

multiplexing (OFDM). The OFDM utilizes a guard interval

and cyclic prefix (CP) among OFDM symbols for avoiding T Npant |y,

inter symbol interference (ISI) and inter-channel Xo |} | TDFTVa 4’

interference (ICI) [5]. Moreover, OFDM has difficult i

design of power amplifier, larger side lobes,

synchronization errors in data aggregation and high peak- (&) Transmitter Structure
IN-Point | | Data| Data/PN RF to T

to-average power ratio (PAPR); consequently, it could not
be suggested to use for IoE network and cognitive radios
(CR). To resolve this challenge, novel candidate
waveforms like universal filtered multi-carrier (UFMC)
and filter bank multi-carrier (FBMC) were presented. Fig. T
1 shows the general structure of UFMC system. In UFMC l;f,?,f,'iﬂ,, Local PN ———
method, the subcarriers in every subband preserve an
orthogonal connection; additionally, the subbands are
filters that could decrease out-of-band (OOB) radiations.
In UFMC method, the subcarriers are filtered and
packed as subbands. It decreases the filter length, creating
most appropriate UFMC for dynamic spectrum allocation
methods in CR networks [21, 22]. Additionally, UFMC
offers multi service applications, supports frequency
segmentation, low latency, and side lobe radiation.
Moreover, it is appropriate for shorter burst transmission.
The UFMC utilizes Dolph-Chebyshev filter to all
subbands. In the pass-band, the useful signals are accepted
with no damage but from the stop-band, the frequency
response is decayed faster for avoiding OOB emission
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Figure 1 General structure of UFMC system

Furthermore, in F-OFDM, the subbands are filtered
later the addition of CP to find accurate frequency
localization. Though this technique displays higher
hardware difficulty, the filter tail extends to the following
OFDM symbol. Nevertheless, UFMC has higher PAPR
dependent on the utilization of  multicarrier
communication.

Various methods for PAPR reduction have been
presented in the literature [4]. They can be categorized as
encoding, signal distortion, and probabilistic methods. The
initial technique utilizes filtering/clipping for limiting the
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maximal level of signal, henceforth decreasing the PAPR.
It presents distortion in the communicated signal that
demonstrates the bit error rate (BER) efficiency. Moreover,
the encoded systems causes lower data rate effectiveness
[20]. Additionally, the probabilistic approaches like partial
transmit sequence (PTS) and selective mapping (SLM)
present arbitrary stage changes on the communicated
symbol as precoding step without affecting substantial
distortion. It derives the cost of lower spectral efficiency
(SE) due to side data transferred to the recipient for
recovering the original symbol vector. Accordingly,
several suggestions have been established in the study to
improve the SE by attaining side data at the recipient site
[3].

This paper develops an effective selective mapping
with oppositional hosted cuckoo optimization (SM-
OHOCO) algorithm for PAPR reduction in 5G UFMC
models. During the SM-OHOCO algorithm, rather than the
generation of several random phase sequences, SM-
OHOCO algorithm is performed repeatedly for attaining
optimal solutions with minimal number of search
iterations. As the optimization of phase sequence in the
SLM technique is considered as an NP hard optimization
problem, the OHOCO algorithm is applied, which
integrates HOCO algorithm with oppositional based
learning (OBL) strategy. For assessing the improved
results of the presented SM-OHOCO algorithm, a series of
simulations were carried out.

In short, the contribution of the paper is summarized
as follows:

e Design a new SM-OHOCO) algorithm for PAPR
reduction in 5G UFMC systems.

e Perform iteratively to obtain optimal phase sequences
with few searching iterations.

e Derive OHOCO algorithm by integrating the concepts
of OBL with HOCO algorithm.

e Validate the performance of the SM-OHOCO
algorithm in terms of diverse aspects.

The rest of the paper is arranged as follows. Section 2
briefs the existing PAPR reduction schemes for UFMC
system. Section 3 introduces the SM-OHOCO model and
experimental results are provided in section 4. Finally,
section 5 concludes the paper.

2 LITERATURE REVIEW

Al-Rayif et al. [2] established a relative probabilistic
PAPR reduction method, known as decomposed SLM
method for improving PAPR in UFMC schemes. The idea
relies on decomposing the complex symbol as to imaginary
and real parts and later transforming every portion to
various phase vectors to the Inverse Fast Fourier Transform
(IFFT) process. In [12], a low computational complexity
PTS is presented to reduce the PAPRs of UFMC. Initially,
it examines the variations in PAPR among UFMC scheme
and an orthogonal frequency division multiplexing method
is used. Kumar et al. [8] presented a new PAPR reduction
method that is most common requirement of 5G-based
smart hospitals. The genetic algorithm (GA) with SLM
called GA-SLM is recommended to reduce PAPR of
NOMA scheme. But the essential addition and
multiplication for SLM methods are excessive that
increases the system complexity.

Sarkar et al. [13] presented a Twin Symbol Hybrid
Optimization utilized as a fundamental PTS (TSHO-PTS)
technique of Cyclic Prefix-OFDM (CP-OFDM). It attains
the needs of 5G telecommunication standard. Furthermore,
the exhaustive searching for optimum phase factor can
raise the computation cost of PTS. For overcoming this
challenge, the hybrid version of Bald Eagle Search (BES)
and slap swarm optimization (SSO) techniques are
presented for investigating the optimum phase factor by
PTS technique. In [14], an SLM is combined with UFMC
to decrease the PAPR and CM without impacting the BER
of 5G network. [7] proposed the signal scrambling method
to decrease the PAPR in UFMC. The Shuffled Frog
Leaping Algorithm (SFLA) is utilized as an optimizer for
authenticating the whole search space for optimum phase
vector with time limitations to generate the optimally
altered UFMC signal with lesser PAPR.

Tagpinar and Simsir [17] introduced a novel SLM
system depending upon discrete forest optimization
algorithm (DFOA) for UFMC system. The relevant system
is made by embedding the DFOA to the traditional SLM
with the aim of enhancing the value of phase factor with
phase rotation model which is executed in frequency
domain for reducing the PAPR of final time-domain signal
obtained from the SLM output. An effective PAPR
reduction system named discrete cuckoo search based
SLM (DCS-SLM) is recommended in [15]. When
generating the presented DCS-SLM system, to create the
actual CS technique to be combined with the traditional
SLM technique, a new DCS method was established.

In [16], a novel discrete elephant herding optimization
based PTS (DEHO-PTS) system is recommended to
decrease the PAPR of UFMC signal to minimal level.
Because of this certainty, the optimization phase of rotation
factors is increased by the subblocks in the traditional
method which is a combinatorial optimization problem to
resolve distinct space. To combine the elephant herding
optimization (EHO) technique to the PTS system, it
established the distinct varieties of DEHO in this study.
Tagpmar and Simgir [17] presented a novel SLM method
depending upon migrating birds optimization (MBO)
method to provide an effective result to the problem of
higher PAPR in UFMC waveform. The MBO-based SLM
(MBO-SLM) system for executing the efficient stage
optimize from distinct space, cyclic bit flipping method is
combined with the MBO technique.

3 THE PROPOSED SM-OHOCO ALGORITHM

Primarily, the transmission processes get initiated with
the generation of QAM symbols in the data bits.
Subsequent to the modulation procedure, the QAM
symbols are separated to groups that are equivalent to the
several subbands, and relevant symbol groups are deployed
to several subbands.

X, (k)= A(F), if(b—l)ﬁkﬁb(%j_l

(M

0, otherwise
k=0,1,2,...N-1,b=0,1,2,....B
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where the series of QAM symbol is accomplished in QAM
modulator output and is denoted by X(k), the frequency
domain information is forwarded to subband b, denoted as
Xy(k), B denotes subband count, k represents subcarrier
index and N indicates subcarrier count. Next to satisfying
the deployment of symbol groups to B subbands, /FFT is
employed to all subband is given by:

Xb(N):%Zlb(k)eN 2)

where Xj(2) denotes signal achieved by transforming X;(k)
in the frequency to time domain by /FFT block in the
subband b. Once the IFFT processes are executed at each
subband, the related time-domain signal is exposed to the
processes of cyclic prefix and filtering, correspondingly.
Finally, the signal is attained from the output of finite
impulse response filter that is included to obtain UFMC
broadcast signal [18]. The adding and filtering processes
on time-domain sub-band signals are equated by:

s(n) =32 X, (n)-fy(n), 0Sn<SN+Lep+L, -1 (3)

where the impulse response belongs to the bth filter
represented by fy(n). Ly represents filter length and Lcp
indicates cyclic prefix length. Now, the PAPR of broadcast
signal is given by:

max

2
0<n<N+LCP+Lf|S(n)|

E[|s(n)|2}

3.1 Design of SLM Model for UFMC Systems

PARP(dB) =10log,,

“4)

The early process of SLM based PAPR design is for
mapping the binary data to the series of QAM symbols
determined as follows [18]:

X(k)=[Xx(0),x(1), .. Xx(N-1)] Q)
At the following phase, arbitrarily created U distinct
phase sequences ) (k) :[b(“) (0), A (1), . p) (N—l)],

u=0,1,..,.U where b(")(k) e{-11}

multiplication with vector X(k) in element wise method.
Thereby, rotated data series can be attained by:

undergo

X(“)(k):[X(O)-b(”)(O),X(1)~b(”)(1),
S X(N=-1)p(N-1) |- (©)
[ x(0), 2 (1), .. X (N-1)

where X®(k) represents uth data series exposed to the
phase rotation procedure by wu-th phase sequence

represented by b®(k). Consequently, (L — 1)N/2 zero are
kept to right-handed and left-handed sides of X®(k) for
oversampling procedure:

>

()| 00,0 X(0), 2 (1), ., x" (N-1)
as )= (L-1)N/2’ N
O]
0,0,.., 0

where L denotes oversampling rate. The resultant zero

padded data series X (()"S) (k) is later exposed to IFFT

process for obtaining the time domain signal X (")(n)

given in Eq. (8):

X ()= IFFT () (1)) = T )
B (k)~e@, 0<n<IN-1

®)

The optimum phase sequence guaranteeing the

x (n) to contain minimal PAPR value is determined

using Eq (9):
. min max 1 N-1
b (k)= argb(u) (k){o < LN_l‘_NZk—O X (k)
J27kn 2 (9)
b(”) (k) .e N

where 4" (k) correspond to optimum p) (k) creating the

expression value of argmin{.}" operator minimal. In

traditional SLM system, it necessitates transmitting the
optimum phase sequence as side data which can obtain the
input data at UFMC receiving end. The processes of the
SLM block are ended by attaining optimum time-domain

signal using 4" (k) as given by:

J27kn
n*(k)=%zf01x(k).b*(k)~e N 0<n<LN-1(10)

As the assignment of data to distinct UFMC sub-bands
takes place from the frequency domain, the time-domain
SLM-based optimum signals are afterward transformed to
frequency domain using the FFT block. Next to the
addition procedure of the filtered signals in many sub-
bands, the resultant UFMC signal offers reduced PAPR.

3.2 Algorithmic Design of OHOCO Algorithm
HOCO algorithm is a recently presented optimization

method [10] which is stimulated by the existence of a bird
named cuckoo. These birds have the capacity for laying
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their eggs from the nest of other classes of birds. The
cuckoo imitates the form and egg color of the host nest.
Few restrictions have been made while utilizing this
technique and enhanced for handling several challenges
like system cost and availability, energy dispatch, job shop,
cluster computing, and controller variables. In this study,
the HOCO algorithm is developed to resolve the PAPR
reduction in UFMC models. The important resolutions are
created as nest and the eggs are laid in the nest of 3 major
classes. The summary of this technique is given as follows.

Step 1. Input of the variables.

This step involves the input of maximal number of
cuckoo generations N, and the nest count M is assumed
as habitat.

Step 2. Produce the nest.

The nest is produced as follows.

Nest, (r, n) =(rl,rz, veos By My Ty nm)
Nest, (r, n) :(r,,rz, s By By Ty

Nest), (r, n) :(rl,r2, s By Ty Ty ey

M) (11)
n

n)

where Nest(n, r) represents a set of significant resolutions.
Step 3. Calculate the model consistency and restriction

control [9].

Ry(r, n)

The restrictions are controlled by the succeeding
penalty function:

Ry (r,n) =R (r,n)+Q -Max{O, g(r n)—V} +
+, -Max{O, 2 (7 n)—C}+®3-
-Max{O, g3(r, n)—W}

(12)

Step 4. Egg laying.
The eggs of cuckoos are laid based on the HOCO
algorithm.

ELR:aXI\hnnberofcurrent cuckoo'seggs y
Total number of eggs (13)
X(th _Vlow)

where ELR represents laying radius, a indicates integer
value, Vj; and View denotes upper and lower bound of the
parameters, correspondingly. The number of eggs a cuckoo
might lay are assumed from two to four.

Step 5. Chicks.

The study in [23] exposed that the cuckoo eggs are
hosted by 3 major hosts and have distinct probabilities of
success. Thus, in the current study, the cuckoo egg contains
3 distinct likelihoods for successful maturity, representing
o1, 02 and o3 (0%, 100%), named quality of host. These
values are arbitrarily created at every integer and
generation. Thus, the nest is separated into 3 sets: M), M
and Ms, while the values are arbitrary. The quality of host
is featured by:

M, nests withoy, where M, € {M|

Step 6. Migration.

The optimum generation of cuckoo migrates to other
habitats that are the optimum resolutions and can be
presented in the following generation to improve the
resolution search.

Step 7. Repeating steps 2 to 6 till Ng,, is attained.

For improving the convergence rate of the HOCO
model, the OBL concept is incorporated and OHOCO
algorithm designed. Fig. 2 illustrates the flowchart of COA
technique [11].

OBL denotes an optimization method that is utilized
for several researches to enhance the quality of their
initialized population solution by diversifying this solution.
The OBL approach functions by searching both directions
of the search space. These 2 directions are consisting of
original and opposite solutions. Lastly, the OBL approach
is taking the appropriate solution from every solution.

Opposite number: x represents real number in the

interval xe[lb, un] The opposite number of x is

indicated by X, defined in Eq. (15):

x=Ib+un—x (15)
Start :'

Initialize Cuckoos with Eggs

Determine Egg Laying Radius
for Each Cuckoo

i 1

Lay Eggs in Different Nests

Move all Cuckoos Toward
l Best Environment

i

Determine Cuckoo Societies

i

Find Nests with
Best Survival Rate

i

Let Eggs Grow

Some of Eggs are Detected and Killed

Populationis
Less than Max Value?

Kill Cuckoos
in Worst Area

Check Survival of Eggs in Nests
(Get Profit Values)

Stop Condition Satisfied?
Ye

()

Figure 2 Flowchart of COA

Eq (4) is generalized to employ search space with
multi-dimension [19]. Thus, for generalizing, all search
agents and opposite positions are given in succeeding Eq.
(16) and Eq. (17):

xz[xl,xl,xl, ...,xD] (16)
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X =[x1, X1y X1y oous xD} (17)

The values of every component in X is defined by Eq

(18).
xj =1b; +ub, —x,wherej=1,2,3, ., D (18)

Optimization Based on Opposite population: During
this approach the FF represents f{.). Hence, when the

fitness value f (x) of opposite solution is greater than

f (X) of its original solution x, next X =X ; or else x = x.

The process to integrate OBL with SSA is outlined in
the subsequent steps:
1. Initiate the cuckoo location X as x; where (i =1, 2, ...,
n).

2. Define the opposite location of cuckoo population OX
as X; where (i=1,2,...,n).

3. Choose the n fittest nests from {X VOX } and
denote the novel population of HOCO algorithm.

3.3 Design of SM-OHOCO Model for UFMC Systems

The phase factors that need to be optimized in the PTS
model takes either 0 or 1. At the same time, the solution
vectors of the OHOCO algorithm also comprise binary
values. Therefore, it is feasible to apply the OHOCO
algorithm to the PAPR minimization problem and employ
it in the phase optimization task. Besides, it is required to
treat the 'zero' and 'one' from the solution space of the
OHOCO model as (-1, 1) correspondingly. At the OHOCO
technique based PTS technique, the position of the cuckoos
is defined as the candidate phase sequences which undergo
optimization using the following Eq. (19):

v 0) (1) (v
o) =) b0 B | P=1,2, P (19)
The processes involved in the phase sequence
optimization using the SM-OHOCO algorithm in the PTS
technique are listed as follows:
Step 1: Primarily, the initial population includes some
phase sequences as provided in Eq. (19) produced in an
arbitrary manner.
Step 2: Then, the set of arbitrary created phase sequences
is validated by the use of the fitness function, as provided
in Eq. (20):

v max 1 v v
ﬁt(bp( )) T0<n £LN—1‘Z::Obp( & )(")"

p=1,2,.., P

(20)

Step 3: Next to the computation of fitness values, the
solutions get arranged based on the fitness values and
divided into groups. The solution corresponding to the
phase factor sequences in distinct nest is represented in Eq.
(21):

b () _ b, Q(O)’ b, e(l)’ b, E(Vfl)

c.e

cc=1,2,..,Cie=1,2 (21)

Step 4: Every solution in the host nest performs the bit
flipping task as given in Eq. (22):

b = flip(b..),, (22)

Here, the flipping function takes place by transforming
the sign of the m™ element in the sequence of b.. as

b€ {—l, 1} . Next to the greedy selection process among

the b.. and 52", the subsequent functions are employed to

the variable m for ensuring that the flipping procedure
takes place in a cyclic way for all individuals as the
iterations continue.

m=m+1 (23)

m=m0d(m—l, v)+l (24)

Step 5: Next to the termination of the solution update
procedure, the migration phase has begun. The arbitrary set
of solutions is created to replace the worst solutions in the
nest, as defined in Eq. (25):

B :sgn(MH(bgv))+(maX(b£V )_

.e .e

(25)

where mm(bﬁve)) and max(bx) ) is equivalent to —1 and 1,

correspondingly. Here, sgn () function respective to
signum function is employed for equalizing the arbitrarily
created  continuous  values in  the interval

[min(b((fe)), max(bc(,ﬁ )} to 1 or —1 as the arbitrary solution

vectors are created instead of the worse solution consisting
of 1 and —1. In addition, the arbitrary numbers are denoted
as 7 and are created with the exception of 0.5 for

preventing any dimensions of (ﬁfl,o,s, equal to 0.

Step 6: The migration process takes place and the optimal
solution is saved.

Step 7: When the maximum iteration number (MIN) is
attained, the procedure gets stopped. Else, go to step 3.

4 PERFORMANCE VALIDATION

This section validates the performance of the proposed
model under varying subcarriers such as 64 and 128.
Besides, the results are examined under PAPR, (dB)-Pr
(PAPR > PAPR0). In addition, the results are also
investigated under distinct modulation schemes.

Fig. 3 investigates the impact of subcarrier number on
the PAPRy, (dB)-Pr (PAPR > PAPRO) curves of the
proposed SM-OHOCO algorithm with the existence of 64
subcarriers. From the figure, it is obvious that the original
model has failed to achieve an effective outcome over the
other methods. At the same time, the MBO-SLM model
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has achieved considerably enhanced performance over the
original one, but not the other methods. In addition, the
BBA-SLM and GA-SLM models have exhibited
considerably closer and moderate performance. Besides,
the MBO-SLM model has tried to accomplish somewhat
competitive performance over all the compared methods
except the SM-OHOCO technique. However, the SM-
OHOCO technique outperformed the other methods under
varying PAPR, (dB).

| T ‘
0 SM-OHOCO| |
10 MBO-SLM
BBA-SLM
GA-SLM
%) SLM
E 1 Original
< 10
o
A
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o
<
e
& 102
10.3 L I I L I .l
4 5 6 7 8 9 10 11
PAPR [dB]
Figure 3 Result Analysis of PAPRo (dB) with Pr(PAPR > PAPRo) on 64
subcarriers
10° | SM-OHOCO | |
MBO-SLM
BBA-SLM
GA-SLM
) SLM
E 1 Original
< 107
o
A
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o
<
o
a 102
1073 : : : : ‘
4 5 6 7 8 9 10 11 12
PAPR [dB]
Figure 4 Result Analysis of PAPRO (dB) with Pr(PAPR > PAPRO) on 128
subcarriers

Fig. 4 determines the impact of subcarrier number on
the PAPRO (dB)-Pr (PAPR > PAPRO) curves of the
proposed SM-OHOCO algorithm with the existence of 128
subcarriers. From the figure, it can be revealed that the
original model has failed to achieve effective results over
the other methods. Concurrently, the MBO-SLM technique
has achieved considerably enhanced performance over the
original one, but not the other methods. In addition, the
BBA-SLM and GA-SLM models have showcased
considerably closer and moderate performance. Besides,
the MBO-SLM model has tried to accomplish somewhat
competitive performance over all the compared methods
except the SM-OHOCO method. But, the SM-OHOCO
technique outperformed the other techniques under varying
PAPR, (dB).

10°
=
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MBO-SLM
BBA-SLM
GA-SLM
SLM
1073 ‘ : ‘ e
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Figure 5 Result analysis of PAPRO (dB) with Pr(PAPR > PAPROQ) on 4-QAM
modulation schemes

Fig. 5 examines the impact of modulation schemes on
the PAPR, (dB)-Pr (PAPR > PAPRO) curves of the
proposed SM-OHOCO algorithm with the existence of 4-
QAM modulation schemes. From the figure, it is clear that
the original model has failed to achieve an effective
outcome over the other methods. Simultaneously, the
MBO-SLM model has achieved considerably enhanced
performance over the original one, but not the other
approaches. In addition, the BBA-SLM and GA-SLM
models have exhibited considerably closer and moderate
performance. Besides, the MBO-SLM model has tried to
accomplish somewhat competitive performance over all
the compared methods except the SM-OHOCO technique.
However, the SM-OHOCO technique outperformed the
other methods under varying PAPR, (dB).

10°
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[
T
< 10
o
A
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o
<
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a 102 SM-OHOCO
MBO-SLM
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GA-SLM
SLM
10.3 I ] | |
4 4.5 5 5.5 6 6.5 7

PAPR [dB]

Figure 6 Result Analysis of PAPRO (dB) with Pr(PAPR > PAPRO) on 16 - QAM
modulation schemes

Fig. 6 explores the impact of modulation schemes on
the PAPR, (dB)-Pr (PAPR > PAPRO0) curves of the
proposed SM-OHOCO model with the existence of 16-
QAM modulation schemes. From the figure, it is stated that
the original model has failed to achieve an effective
outcome over the other methods. At the same time, the
MBO-SLM model has achieved considerably enhanced
performance over the original one, but not the other
methods. Also, the BBA-SLM and GA-SLM approaches
have exhibited considerably closer and moderate
performance. Moreover, the MBO-SLM model has tried to
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accomplish somewhat competitive performance over all
the compared methods except the SM-OHOCO technique.
However, the SM-OHOCO model demonstrated the other
techniques under varying PAPR, (dB).

100 SM-OHOCO
SSPA, MBO-SLM
SSPA, BBA-SLM
" SSPA, GA-SLM
10 SSPA, SLM
% SSPA, Original OFDM
(4
= 1072
e
S
1]
-
m 1073
1074
10.5 L . |
10 15 20 25

Signal-to-Noise Ratio [dB]
Figure 7 BER analysis of SM-OHOCO model

Fig. 7 investigates the BER analysis of the presented
SM-OHOCO technique with other existing techniques
under varying SNR. From the figure, it is identified that the
SM-OHOCO technique has resulted in an effective
outcome by offering the lowest SNR. At the same time, the
SSPA, SSPA-SLM, and SSPA-GA-SLM models have
exhibited poor performance by accomplishing slightly
closer and higher BER. At the same time, the SSPA, SSPA-
BBA-SLM, and SSPA-MBO-SLM models have
demonstrated competitive outcomes with the moderate
BER. However, the proposed SM-OHOCO technique has
exhibited superior results by attaining a lower BER. For
instance, with the SNR of 15dB, the SM-OHOCO
technique has obtained a minimal BER of 1023 whereas
the other methods such as SSPA-MBO-SLM, SSPA-BBA-
SLM, SSPA-GA-SLM, SSPA-SLM, and SSPA-OFDM
models have resulted in a maximum BER of 1022, 10213,
1021, 1021, and 10" respectively. Followed by, with the
SNR of 20dB, the SM-OHOCO technique has reached a
minimal BER of 1042 whereas the other models such as
SSPA-MBO-SLM, SSPA-BBA-SLM, SSPA-GA-SLM,
SSPA-SLM, and SSPA-OFDM models have resulted in a
maximum BER of 1037, 103, 1034, 1034, and 107!
correspondingly. At last, with the SNR of 25dB, the SM-
OHOCO model has attained a lesser BER of 10 whereas
the other approaches like SPA-MBO-SLM, SSPA-BBA-
SLM, SSPA-GA-SLM, SSPA-SLM, and SSPA-OFDM
methodologies have resulted in a maximal BER of 10, 10
5,107, 10*, and 102 correspondingly. From the above
mentioned experimental analysis, it is apparent that the
proposed SM-OHOCO model has obtained effective PAPR
reduction in the 5G UFMC systems. The enhanced
performance is due to the iterative attainment of optimal
phase sequences, inclusion of OBL concept in HOCO
algorithm.

5 CONCLUSION
This paper has developed a novel SM-OHOCO

method for PAPR reduction in 5G UFMC models. The SM-
OHOCO algorithm gets executed repeatedly for attaining

optimal solutions with minimal number of search
iterations. The early process of SLM based PAPR design is
for mapping the binary data to the series of QAM symbols.
As the optimization of phase sequence in the SLM
technique is considered as an NP hard optimization
problem, the OHOCO method is applied. For improving
the convergence rate of the HOCO technique, the OHOCO
algorithm is derived by incorporating the concept of OBL
with HOCO algorithm. For assessing the improved results
of the presented SM-OHOCO algorithm, a series of
simulations were carried out. The proposed model can be
implemented in real time applications to accomplish high
data rate communications. The experimental outcomes
stated that the presented model has demonstrated
promising results compared to other existing methods in
terms of distinct measures. In future, new hybridization of
two metaheuristic optimization algorithms can be designed
to improve the performance of the HOCO algorithm.
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