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Abstract: Non-orthogonal multiple access (NOMA) is a strong contender
multicarrier waveform technique for the fifth generation (5G) communication
system. The high peak-to-average power ratio (PAPR) is a serious concern
in designing the NOMA waveform. However, the arrangement of NOMA is
different from the orthogonal frequency division multiplexing. Thus, tradi-
tional reduction methods cannot be applied to NOMA. A partial transmission
sequence (PTS) is commonly utilized to minimize the PAPR of the transmit-
ting NOMA symbol. The choice phase aspect in the PTS is the only non-linear
optimization obstacle that creates a huge computational complication due to
the respective non-carrying sub-blocks in the unitary NOMA symbol. In this
study, an efficient phase factor is proposed by presenting a novel bacterial
foraging optimization algorithm (BFOA) for PTS (BFOA-PTS). The PAPR
minimization is accomplished in a two-stage process. In the initial stage, PTS
is applied to the NOMA signal, resulting in the partition of the NOMA signal
into an act of sub-blocks. In the second stage, the best phase factor is generated
using BFOA. The performance of the proposed BFOA-PTS is thoroughly
investigated and compared to the traditional PTS. The simulation outcomes
reveal that the BFOA-PTS efficiently optimizes the PAPR performance with
inconsequential complexity. The proposed method can significantly offer a
gain of 4.1 dB and low complexity compared with the traditional OFDM.
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1 Introduction

Orthogonal frequency division multiplexing (OFDM) is a modern multicarrier scheme (MCS)
utilized in the fourth generation (4G) communication system. However, OFDM possesses sev-
eral disadvantages, such as loss of bandwidth due to the employment of cyclic prefix, complex
calculations due to the frequency error, incapable of handling huge volume of data traffic, and
leakage of the spectrum [1]. Non-orthogonal multiple access (NOMA) is an advanced waveform
based on the MCS. NOMA is considered an equally strong waveform contender for the fifth
generation (5G) communication system. It is expected to play a significant role in enhancing the
throughput of the advanced radio system. Yet, it still suffers from a high peak-to-average power
ratio (PAPR), and it degrades the power amplifier (PA) performance in the transceiver. In NOMA,
sub-carriers are abundant. When a respective number of sub-carriers attained maximum power
at a particular moment, the output receptacle of the NOMA signal is increased and results in
high PAPR. The PA experiences a serious non-linearity that reduces the BER, PAPR, and OFDM
performance [2]. NOMA employs two systems at the transmitter and receiver of the framework:
super coding (SC) and successive interference cancellation (SIC). SC helps to access the multiple
sub-carriers’ resources simultaneously, and the multiplexing of sub-carriers is accomplished in the
power domain. SIC helps users decode their signal by treating other signals as noise and finally
cancels the interference caused by other signals. Unlike OFDM, SIC supports multiple numbers
of sub-carriers. Even users with poor channel conditions experience proper service due to the
increased overall throughput of the NOMA. NOMA can be easily blended with other advanced
technologies, such as massive multiple-input and multiple-output (MIMO), Internet of Things,
and cognitive radio technology. Several PAPR minimization techniques are explored and studied
for the OFDM system [3]. Reduction techniques are classified into three categories, including
signal addition schemes [4], coding schemes [5], and probabilistic schemes [6]. The conventional
minimization techniques cannot be immediately applied to an advanced waveform NOMA because
of the different structure arrangements than OFDM [7,8]. In recent years, numerous studies
on performance reduction have been published [9-14]. In the conventional bacterial foraging
optimization algorithm (BFOA), the maximum permissible phase factor is w =2 and 4. In the
projected method, w is extended to 2, 4, 8, 16, and 32, for which efficient optimization is achieved.
The key objective of BFOA is to search for the best phase factors, which can be weight to
the PTS blocks to acquire a low peak power. Still, PAPR minimization approaches in advanced
waveform by BFOA for partial transmission sequence (BFOA-PTS) have not yet been investigated.
In the initial step, PTS is applied to the NOMA signals, and in the next step, the BFOA phase
vectors are weighted to the PTS NOMA symbols. The different combinations of phase factors (w)
and sub-blocks are applied to reduce the PAPR of the system. The reduction techniques also
degrade the signal’s quality while reducing the signal’s peak power. PAPR may be defined as a
random variable that determines the alteration in the peak and average power of an MCS like
NOMA [15]. A combination of PTS-PSO is applied to the OFDM framework. The OFDM sub-
blocks are multiplied by the perfect phase elements generated by the PSO methods. The findings
revealed that the recommended PTS-PSO curtails the peak power and moderates the waveform
arrangement [16]. The efficiency of the OFDM structure is greatly enhanced by integrating with
MIMO. However, the throughput of the structure is greatly affected due to the increase in peak
power. In [17], the increase in peak power is minimized by utilizing the PTS-PSO procedure on
the OFDM structure. The experimental results revealed an increase in throughput and peak power
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performance. The contribution of this study is summarized as follows:

e Projects a peak power minimization algorithm that can be applied to all advanced

waveforms.

e Proposes a novel scheme that combines PTS and BFOA to enhance throughput
performance.

e The projected method realized a gain of 4.1 dB and low complexity compared with the
OFDM.

The rest of this article is organized as follows. The key features and significance of projected
system are provided in Section 2. Then, recent regulatory and standard body activities aimed at
fostering future wireless systems are described in Section 3.

2 Proposed System

The schematic of NOMA is shown in Fig. 1. The definition of symbols used in this study is
summarized in Tab. 1.
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Figure 1: Schematic of the proposed NOMA

Table 1: Definition of symbols

Symbol Definition

w Phase factors

u Sub-blocks

y(2) NOMA transmitted signal

N Sub-carriers

bk, m Complex pass-band modulation signal
h(t—nT) Response of the Chebyshev filter
CCDF Complementary Cumulative distribution function
Vu NOMA sub-blocks

Z (n) Peak power estimation

P Phase sequence

S () Optimize PTS signal

It is designed based on Chebyshev filter, SC, and inverse fast Fourier transforms (IFFT), SIC,
and fast Fourier transform (FFT) [18]. The NOMA signal is expressed as

2w Kn

y= > bxme v, (D



3286 CMC, 2021, vol.67, no.3

where bk 1s the complex pass-band modulation signal. M is the vector of the NOMA symbol,
N is the total number of sub-carriers, and n=1{0,1, ..., N —1}.

PAPR is deliberated to specify the threshold variation of the peak power of a broadcast
signal. Hence, the change in the largest value of the NOMA signal is estimated by PAPR.
The complex NOMA signal can be written as

1y N_l .
y(@) = F N "y s h(t—nT), 2)
n=0

where h(t —nT) is the response of the Chebyshev filter. The PAPR is mathematically expressed
in [19] as

Maxte T{y()])>?

PAPR = 3)
w7 Jo @IP
Traditionally, PAPR is defined in terms of dB as
Maxte T{|y)]|}?
PAPRyz = 10log;, X! € THYOIT )

= [ Iy @IP

The performance of reduction techniques is estimated, and the complementary cumulative
distribution function (CCDF) of PAPR is calculated as

CCDF = Probability(PAPR > Nr1y). (%)

2.1 BFOA

BFOA is based on Escherichia coli bacteria proposed by [20]. In the foraging duration, tumble
and swim procedures are taken away by the bacteria. The main objective is to upsurge the finest
nutrient spot in the pre-set repetition. Chemotaxis is the process in which the number of bacteria
(By) proceeds by taking a minor bit of a small number of swim steps (S;,). The quality of the
present nutrient location is computed and correlated to the former position. If the quality of the
present nutrient outperforms the previous one, then the bacteria complete S,. Otherwise, the loca-
tion of the preceding bacteria is varied in the operating direction. High-quality nutrient positions
are observed by the bacteria after the duration of chemotaxis steps (C,). Hence, the optimization
(0) is achieved at O = S,, * C, * B,. BFOA involves two supplementary procedures known as
replication and eradication circulation. In the reproduction process, the bacteria in N nutrient
locations are coordinated in a subside manner and split into two halves (N/2). The bacterial whose
fitness is poor will not endure. The bacteria with high fitness is put into identical nutrient positions
for upcoming replication steps (Rs). After replication, an eradication circulation process grounded
on eradication probability (Ep) is applied. Afterward, some bacteria are randomly selected and
set in the nutriment locations for further repetition. The efficient nutrient position is enhanced by
the fittest bacteria [21,22].

2.2 BFOA-PTS Model

The schematic of the proposed BFOA-PTS is shown in Fig. 2. In the PTS technique, the
input blocks are divided into U sub-blocks. The sub-blocks are conglomerate with low peak
power by employing the phase sequence based on BFOA. All NOMA signals have lower PAPRs
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than the primary NOMA signal. Thus, the throughput is improved significantly with minimal
spectrum leakage.
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Figure 2: Proposed hybrid method
Step 1: Divide NOMA signal into U sub-blocks:
T
yu:[Yu,O, Yu,17~~~3 Yu,N—l] . (6)

Step 2: Estimate the NOMA transmission signal’s peak power by converting the frequency
domain to the time domain. Utilize the IFFT in the projected structure to divide the NOMA
symbol into numerous sub-blocks. Employ it as an analysis filter. Applying IFFT on y, to estimate
the peak power is given as

N-1
27 Kn

1
Zn) =—— 3y, (k . 7
(n) ﬁgy()eN (7)

Step 3: Apply the filtering techniques to the group of sub-carriers for the signal separation,
interference avoidance, and leakage reduction of the spectrum. Apply the Chebyshev filter to Z(n):

N—-1N-1
Z(t) =
K

\/LN' Z Z (yu (k) X h(t — nT))e%eﬂnFcz' (8)
=0

=0

3

Step 4: Use BFOA to generate the phase factor for which low PAPR value is accom-
plished [23,24]:

U
.
Pugro4 =Z€Zm/W, )

u

where u={1,2,..., U}, and w={1,2, ..., W}. P, is represented in terms of vector W given as:

W=[Wy, Wa, ..., W' . 9.1)
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In the proposed method, the food nutrient is analogous to the phase sequence:
P={Pj, P, ..., Piwu_1}. 9.2)
where j={1,2, ..., WU=1}. wU-1 combinations can be considered to find the ideal P,pro4 for
which the least value of peak power is achieved, as shown in Egs. (9), (9.1), and (9.2).

Step 5: Multiply the NOMA signals to the different values of phase factors to obtain a low
peak power signal. Optimize the PTS signal Z(¢r) by multiplying with P,pro4:

S(t) =Z(t) * Puroa- (10)

Step 6: Determine the minimum PAPR NOMA. Obtain the least PAPR value of the NOMA

signal by selecting different combinations of Zg e{,znw/ " as

] (11)

The present work is analyzed using MATLAB. The constraints used in the model are shown
in Tab. 2. In the traditional approach, the phase factor is restricted to w =2 and 4. In the
projected method, w can be selected as equivalent to the number of sub-blocks. Therefore, the
peak power can be decreased by increasing the size of u and w.

U

Z e{fnw/ WZ(Z)

u

PAPR;, = |:

3 Simulation Results

Table 2: Simulation parameters.

Parameters Value
Multicarrier scheme NOMA

Filter Chebyshev
Transmission scheme 256-QAM
Number of sub-carriers (N) 256
Bandwidth 18 MHz
Number of sub-blocks (U) 16, 32

(Phase factor) w 2,4, 8,16, 32

The number of multiplications required in the projected method is WU~!. The required
multiplication and addition for PTS are 4AN(NU + NV +2VV) and 2NQNV +2QVV —V =2V))
and for SLM-CT are 4N (NU + NV 4+2VV) and 2NQNU+ 2NV +2R2VV — U — V —2V)). Here,
V' is the number of sub-blocks, N is the total number of sub-carriers, and V' is phase factors [25].
In terms of complexity, BFOA outperforms traditional techniques. In this study, U = {16, 32} and
W =1{2,4,8, 16, 32} are selected for the simulation. The time-domain NOMA signal is presented

~

in Fig. 3.

The performance of the projected work is evaluated. The CCDF of NOMA PAPR for u=16
is shown in Fig. 4. At 1073 CCDF, the efficiency of 16.6% in the PAPR is achieved by the PTS.
The efficiencies of 33%, 35%, 48%, 62.5%, and 67% are observed for (u, w) = (16, 2), (u, w) =
(16, 4), (u, w) = (16, 8), (u, w) = (16, 16), and (u, w) = (16, 32) are observed, respectively. The ideal
PAPR performance is achieved when (u, w) = (16, 32).
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The CCDF of NOMA PAPR for u =32 is shown in Fig. 5. At 1073 CCDF, the efficien-
cies of 16.6%, 35%, 41%, 50%, 66.6%, and 83.3% are observed for PTS when (u, w) = (32, 2),
(u, w)=(32,4), (u, w) =32, 8), (u, w) = (32, 16), (u, w) = (32, 32), respectively. The optimal PAPR
performance is also observed when (u, w) = (32, 32). Thus, the proposed PTS-BFOA outperforms
conventional PTS.
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Figure 3: NOMA time-domain signal
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Figure 4: PAPR efficiency for u=16
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Figure 5: PAPR efficiency for u =32

The throughput of the filter bank multicarrier (FBMC) is analyzed, and the BER graph
is depicted in Fig. 6. The BER of the FBMC without introducing BFOA-PTS is 1073 at
12 dB SNR. At 1073 dB, the gains of 2.2, 4.06, 5.8, 6.6, 7.8, and 9 dB are achieved for PTS
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when (u, w) = (16, 2), (u, w) = (16, 4), (u, w) = (16, 8), (u, w) = (16, 16), and (u, w) = (16, 32),

respectively, different from the 12 dB original signal. The best throughput is observed when
(u, w) = (16, 32).
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- BFOA-PTSu=16w=4
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Figure 6: BER for u=16

At the BER of 1073, the gain of 2.4 dB is achieved for PTS, as shown in Fig. 7. The gains
of 59, 6.2, 8,9, and 9.9 dB are achieved for BFOA-PTS when (u, w) = (32, 2), (u, w) = (32, 4),

(u, w) = (32, 8), (u, w) = (32, 16), and (u, w) = (32, 32), respectively, different from the 12 dB
original signal.
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Figure 7: BER for u=32
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Figure 8: PAPR for u =32; OFDM vs. FBMC
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At 1073 CCDF, the PAPR of NOMA and OFDM is 12 and 13.2 dB, without applying the
reduction algorithm, as shown in Fig. 8. At 1073 CCDF, the PAPR is reduced to 2.9 dB for
FBMC-BFOA-PTS (u, w) = (32, 32) and 6.2 dB for OFDM-BFOA-PTS (u, w) = (32, 3).

At the BER of 1073, the SNR of NOMA and OFDM is 12 and 13.2 dB, without applying
the reduction algorithm, as shown in Fig. 9. The BER of 1073 is accomplished at 2.1 dB for
FBMC-BFOA-PTS (u, w) = (32, 32) and 4.9 dB for OFDM-BFOA-PTS (u, w) = (32, 32).

10°
|
107 1
x 1
Ll i ==QOriginal Signal FBMC
o i +Original Signal OFDM
10 #-OFDM-BFOA-PTS U = 32 w = 32
1 < FBMC-BFOA-PTS u =32 w = 32
A
O S G R R B
0 2 4 6 8 10 12 14

SNR, (dB)

Figure 9: BER for u=32; OFDM vs. FBMC

4 Conclusion

A novel PTS-BFOA PAPR minimization method attuned with advanced 5G waveform tech-
niques is proposed in this study. The proposed method is grounded along with the combination
of PTS and BFOA. The PAPR minimization is accomplished in a two-stage process. In the initial
stage, PTS is applied to the NOMA signal, resulting in the partition of the NOMA signal into
an act of sub-blocks. In the second stage, the best phase factor is generated using BFOA. The
sub-blocks are weighted with different combinations of WU~! where low PAPR is obtained.
Therefore, the PAPR performance is enhanced, and complexity is reduced by selecting different
values of u and w.
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