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Abstract: Cellular systems utilize single and multicarrier waveforms for high-
speed data transmission. The Fifth-Generation (5G) system proposes several tech-
niques based on multicarrier waveforms. However, the Peak to Average Power
Ratio (PAPR) is one of the significant concerns in advanced waveforms as it
degrades the framework's efficiency. Non Orthogonal Multiple Access (NOMA)
can provide massive connectivity, which is the crucial requirement of the Internet
of Things (IoT). The 3rd generation tested NOMA applications in downlink and
uplink transmission. However, NOMA uplink transmission in the power domain
has performance degradation and is not considered a possible technique in 3rd

generation power projects (3GPP). Presently, NOMA is not just a concept but
has been introduced as a standard method in various transmission schemes.
NOMA suffers from a high peak to average power ratio (PAPR), which forces
the power amplifier (PA) to shift into a nonlinear region. The high value of PAPR
leads the power amplifier of the multicarrier technique into a nonlinear region. As
the performance of the power amplifier degrades, the overall system performance
goes down. In this work, we suggest different methods to overcome the issue of
PAPR in multicarrier techniques such as Selective Mapping (SLM) and Partial
Transmit Sequence (PTS). The simulation results reveal that the performance of
the proposed PTS is better than that of the conventional SLM and PTS.
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1 Introduction

The deployment of 5G is ongoing worldwide, and the selection of advanced waveforms is considered
one of the crucial tasks for the regularisation of 5G and beyond. In the present scenario, Orthogonal
Frequency Division Multiplexing (OFDM) is the commercially available waveform that has been utilized
in several applications [1]. However, OFDM is not a popular choice for the advanced radio framework
due to several concerns, such as loss of spectrum and PAPR. In [2], it is seen that the utilization of the
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Cyclic Prefix (CP) results in a loss of 11% spectrum. In [3], it is experimentally proven that PAPR severely
degrades the performance of the power amplifier of the radio framework. However, PAPR can be reduced by
applying some of the algorithms discussed in [4]. However, it cannot be nullified. In recent years, there have
been numerous waveforms investigated and recommended for advanced radio systems, including NOMA
[5], Filter Bank Multi Carrier (FBMC) [6], and Universal Filter Bank Multi Carrier (UFMC) [7]. NOMA
has gained so much popularity and attracted the attention of researchers and academicians. NOMA's
characteristics, such as fast data rate, low latency, support for massive device integration, and
compatibility with other advanced techniques, make it a viable candidate for a 5G radio network. The
NOMA waveforms are available in two different forms, namely code domain and power domain (P-
NOMA) waveforms. NOMA utilizes time and frequency resources to modulate the signal on a common
channel for multiple users. It utilizes the gains of several users to achieve an excellent throughput. The
structure of P-NOMA mainly consists of Super Coding (SC), Successive Interference Cancelation (SIC),
and Fourier Transforms. SC guarantees the failure allocation of resources to all users, and SIC detects the
signals of a particular user. The ability to support users with poor channel gain lowers the probability of
outrage. However, despite several advantages of NOMA, PAPR is considered a significant problem in
NOMA [8]. PAPR is a common problem in all multicarrier techniques. However, due to the different
structural arrangements, the PAPR algorithms designed for OFDM cannot be directly applied to the
advanced waveforms [9]. In [10], the authors introduced a three-stage PAPR algorithm to decrease the
PAPR of FBMC. The study reveals that the system's performance can be efficiently scaled by scaling the
maximum amplitudes of the FBMC signals. The peak power problem in the FBMC framework is
overcome by applying a clipping algorithm [11]. The experimental study reveals that the proposed
algorithm outperforms the conventional clipping technique. The PAPR of the FBMC waveform is
decreased by applying the Companding Transformation method. The study's outcome reveals that the
Mu-Law is one of the most efficient algorithms [12]. In [13], conventional PAPR algorithms are applied
to evaluate the Bit Error Rate (BER) and PAPR of the FBMC framework. It was noted that the
conventional algorithms could not be directly applied to the advanced waveforms. It degrades the
performance and increases the complexity of the framework. In [14], the authors presented a
comprehensive study on NOMA performance and its key parameters. The experiment outcomes
demonstrate that the NOMA is better than the existing waveforms. On the other hand, the complex
receiver is concerned with implementing the NOMA receiver. A comprehensive survey of the NOMA
waveform was presented in [15]. The article outlines the problems and the role of NOMA in the
advanced wireless framework. It was concluded that the deployment of NOMA will enhance the
performance and can satisfy the demands of different applications. In [16], the PAPR of NOMA is
reduced by applying a hybrid algorithm. The SLM and PTS algorithms were combined with the wavelet
transform. The experimental outcomes indicated that the presented algorithm outperforms the
conventional PTS and SLM. The Dummy Sequence Insertion (DSI) algorithm was applied to the NOMA-
OFDM structure to overcome the complexity and PAPR problem [17]. The work results show that the
proposed hybrid method has lower complexity and a higher PAPR gain than the existing SLM. The
authors proposed a hybrid method integrating SLM and circular transformation methods for 5G
waveforms. It is noted that the proposed algorithm enhanced the gain of the 5G radio [18]. In [19], the
authors introduced novel peak shrinking and interpolation methods to lower the effect of high peak
signals in NOMA. It is implemented by scaling the maximum amplitude of the signal, reinserting and
transmitting the scaled signal. It is noted that the proposed method achieved efficient performance and
high throughput. In [20], a PAPR precoding algorithm is suggested to mitigate the effect of PAPR in
NOMA. The proposed method exploits the characteristics of PAPR in an advanced waveform. The results
reveal that the presented method outperforms the non-precoding algorithms. The key objectives of the
projected article are as follows:
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� We propose advanced PTS and SLM algorithms for the NOMAwaveform and evaluate the PAPR and
BER estimation framework.

� The complexity of the PAPR techniques is analyzed, and it is seen that the projected algorithm has low
computational intricacy as compared with conventional SLM and PTS.

� The power gain performance of the PAPR algorithms is computed, and it is seen that the projected
algorithm achieved a power saving of 66.9%.

2 Method

The block diagram of the NOMAwaveform is represented in Fig. 1. The resource blocks are allocated to
the users by using SC and SIC. SC is used at the transmitter to form composite signals for all the users at the
same time. At the same time, SIC is performed at the receiver to decode the signals for their respective users.

The signal from user one is encoded using an encoder. The encoded signal is converted in parallel before
sending it to the Inverse Fast Fourier Transform (IFFT) block. Signals will be converted from frequency
domain to time domain by the IFFT block. In NOMA, Superposition Coding (SC) is performed at the
transmitter to form a composite signal simultaneously transmitted to all the users. Then, a successful
interference cancellation mechanism is applied at the receiver to decode the signals for their respective
users properly. After SIC, the Fast Fourier Transform (FFT) of the signals is taken to convert them from
the time domain to the frequency domain. Finally, the decoder will use its decoding algorithm to retrieve
the original signal [21].

2.1 Selective Mapping (SLM)

Selective mapping (SLM) is an encouraging PAPR reduction technique. The basic principle of SLM is to
have Z alternative transmit sequences from a similar data source, and the signal with the lowest PAPR will be
transmitted [22]. Fig. 2 shows the basic block diagram of selective mapping. Here the PAPR is analyzed by
the sequences of transmitting data vectors. Consider the L original signals, which are given as:

Z ¼ ½Z0; Z1; Z3; . . . :ZM�1� (1)

Figure 1: NOMA
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These signals are multiplied with independent phase sequences such as

R ¼ RðuÞ
1 ; RðuÞ

2 . . . . . .RðuÞ
N (2)

where u = 0, 1, 2 ….U–1.

Note that the length of input bits and phase sequences is the same, i.e., (L = U). Then, the IFFT of the
sequences is taken to convert them from the frequency domain to the time domain. The signal with the least
PAPR is identified by the last block and transmitted in the last step.

2.2 Partial Transmit Sequence (PTS)

PTS is one of the most promising techniques to reduce the value of PAPR given in Fig. 3. However, the
computational complexity of PTS is higher than the previous techniques like SLM, etc. In this technique,
the first input data block is divided into sub-blocks with no common element. Then each sub-block is
sent to the IFFT to transform signals from the frequency to the time domain. After the conversion
multiplication of each sub-block with a phase factor is performed to generate the candidate signal, we
combined all the received signals [23].

Figure 2: SLM

Figure 3: PTS
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Firstly the input data is converted to a sub-block. Let us consider that the input data is represented by:

Y ¼ ½Y1; Y2; Y3; . . . :YR� (3)

After conversion, the sub-block of the input data is given by

Y ¼
XR
r¼1

YR (4)

R is the no of sub-blocks, r is given as [1, 2, 3, … R].

In order to convert the input data into sub-blocks, many techniques are used, such as interleaving,
adjacent and pseudo-random numbers. In phase factors, the generally used vectors are ± 1 or sometimes
(± 1, ± j). Phase factor vector is represented as [24]:

c ¼ ½c1; c2; . . . . . . cv� (5)

From the given Eq. (5) can be obtained by:

cv ¼ e
þj2pv
X (6)

cv is the phase rotation vector; X is a number of allowed phase factors. The time-domain input y can be
obtained after the IFFT operation, and it is represented by

y ¼ IFFT
XR
r¼1

cvYR

 !
(7)

y ¼
XR
r¼1

cvIFFT ðYRÞ (8)

The final signal is expressed as:

y ¼
XR
r¼1

cvðyRÞ (9)

3 Results

In this work, the PAPR of an advanced waveform is studied and evaluated using Matlab-2014. The
PAPR and BER parameters of NOMA are plotted, and the results are analyzed. The parameters utilized in
the simulation of the projected work are given in Tab. 1. The complexity of the system is indicated in
Tab. 2. It is concluded that the proposed algorithms require fewer additions, multiplications, and Fourier
transformations than other algorithms.

Table 1: Parameters

S. no Parameters

1 Waveform: NOMA

2 PAPR algorithms: PTS and SLM

3 Modulation: 64-QAM, FFT: 64

4 Sub-carriers: 64

5 Detection: SIC
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The PAPR performance of the PTS algorithm in NOMA is given in Fig. 4. The peak power can be
efficiently reduced by varying the values of sub-carriers (u) and phase factor (w). By increasing the
values of u and w, the desired performance can be obtained. The PAPR of the NOMA signal is 13 dB at
the Complementary Cumulative Distribution Function (CCDF) of 10−3. The conventional PTS reduces
the PAPR to 10.1 dB, achieving a gain of 2.9 dB. However, the optimal performance is obtained at PTS
(u = 16 and w = 32). Therefore, it is concluded that the projected PTS achieved a gain of 8.8 and 5.9 dB
compared with the original NOMA signal and conventional PTS.

The BER performance of the NOMA signal is given in Fig. 5. It analyzes the throughput of the NOMA.
It is seen that the proposed PTS algorithm efficiently enhances the throughput of the system. The original
BER (10−3) is obtained with a Signal-to-Noise Ratio (SNR) of 13 dB, which is further reduced to 10, 6.2,
5.8, 4.2, 3.8, and 2.1 dB for different combinations of the PTS method.

Table 2: Complexity

Technique Addition Multiplication

PTS U(2*log2(U)) U � N
2 log2ðNÞ� �

[10]

SLM N � log2 U
2

� �� �
N � U

2�U log2ðN þ UÞ� �
[10]

Proposed SLM-PTS PS−1N(U − 1) PU−1N(U + 1)

Figure 4: PAPR

Figure 5: BER analysis
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The PAPR performance of the SLM and PTS is compared in Fig. 6. The PAPR of the NOMAwaveform
at 10−3 CCDF for conventional SLM and PTS is 7.8 and 7.6 dB. The proposed PTS reduces the PAPR to 4
dB. The procedure achieves a gain of 3.8 and 3.6 dB compared with the existing algorithms.

By reducing PAPR levels, power savings can be achieved in wireless communication. It is an essential
point as in the uplink scenario, the inbuilt antenna/transmitter uses the device's battery, so power saving
becomes more important in that case. The gain of the NOMA system is expressed by investigating the
PAPR of various signals indicated in Tab. 3. The gain of the systems is defined as:

G ¼ �10log10
Improved PAPR

Original PAPR

� �
(11)

4 Discussion and Conclusion

Over the last three decades, many multicarrier techniques have been proposed and analyzed. Significant
efforts have been dedicated to introducing new modes of multiple access techniques to simultaneously share
the resources with multiple users. The latest technology is known as NOMA, and it has two different
dimensions, such as power-domain and code-domain NOMA. In the power domain of NOMA, the
multiplexing of the resource block is done based on the power levels of the users. At the same time,
the code is used to provide the resource block to a particular user in the code domain NOMA. PAPR is

Figure 6: PAPR comparison

Table 3: Power performance

S. no Algorithms Original PAPR (dB) Reduced PAPR (dB) Power efficiency [25]

1 PTS 13 10.1 22.3%

2 SLM 13 6.8 47.6%

3 PTS (u = 16 and w = 2) 13 7.8 40%

4 PTS (u = 16 and w = 4) 13 7.4 43%

5 PTS (u = 16 and w = 8) 13 5.8 55.3%

6 PTS (u = 16 and w = 16) 13 5.2 60%

7 PTS (u = 16 and w = 32) 13 4.3 66.9%
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the most significant drawback of multicarrier techniques, such as OFDM, UFBMC, and NOMA. PAPR is
hugely degrading the system performance of all the multicarrier techniques. In this paper, SLM and PTS
techniques are proposed to eliminate the PAPR problem. It is demonstrated in the experimental results
that the proposed scheme is significantly better than the other techniques used in NOMA. The simulation
results indicate that the projected algorithm achieved a significant gain in BER and PAPR as compared
with the existing SLM and PTS.
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