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 The orthogonal frequency division multiplexing (OFDM)-4G and 5G filter 

technology suffer a drawback that represents the direction of the peak 

average to power ratio (PAPR) in orthogonal frequency division 

multiplexing due to the nonlinear nature of the transmitter. There are a lot of 

traditional and hybrid methods of these traditional methods to reduce the 

harmful high PAPR value. Newly, several new hybrid methods have been 

adopted to reduce PAPR but it faces an increasing level of computational 

complexity in the system. In this paper, two important and effective 

conventional methods for reducing PAPR are studied, analyzed, and 

investigated for the hybrid pathway which is the incorporation of selective 

mapping (SLM) method and partial transport sequencing (PTS) method, 

which achieve increased efficiency of PAPR reduction while computing the 

computational complexity of each method. The method depends and 

balances with computational complexity. The search is based on multi-

carrier connections such as multi carrier-code division multiple access (MC-

CDMA) and OFDM. 
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1. INTRODUCTION  

The Orthogonal frequency division multiplexing (OFDM) and multi carrier-code division multiple 

access (MC-CDMA) system has been widely spread in modern high-speed wireless protocols. MC 

transmission systems suffer from a high peak-to-average power ratio (PAPR), a critical disadvantage 

resulting in in-band distortion and out-of-banded radiation in the power amplifier nonlinear region [1]. 

Consequently, new candidates of the multicarrier waveform schemes have recently drawn increasing interest 

in 5G waveform architecture such as filtered-OFDM [2], [3], universal filter multicarrier (UFMC) [4], and 

filtered bank multi-carrier (FBMC) [5]. Although the latest waveform candidates were designed to resolve 

the shortcomings of the OFDM system and meet the requirements of the (5G) scenarios, the high PAPR 

pattern remains the challenge of these waveform candidates [6]. Furthermore, MC-CDMA is deemed as a 

promising waveform contender for (5G) based on filtering the bandwidth by a pair of spectral shaping filters 

in transmitter and receiver. OFDM has several benefits, such as eliminating out-of-banded emissions 

(OOBE), asynchronous transmission, increasing spectral efficiency, and low latency [7]. But this candidate's 

major drawback is the high PAPR pattern because it promotes orthogonal transmission [3]. Coding 

techniques [8], techniques of clipping and filtering [9], techniques for expanding the constellation [10], 

nonlinear compounding transform schemes [11], and techniques, multiple signal representation (MSR) Like 
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interleaving [12], selective level mapping (SLM) [13], partial transmit scheme (PTS) [14]. Due to their high 

performance, the multi-point signal resonator (MSR) techniques are an attractive choice and are 

implementable without signal distortion [15]. Between the mentioned techniques, the conventional PTS (C-

PTS) scheme is a very well-known deterministic non-signal distortion method that provides excellent PAPR 

reduction performance but is set to increase the calculation complexity and require side information. SLM 

and Interleaving are considered other schemes of the MSR technique, which provide a lower computational 

complexity, on the degradation expense in the PAPR reduction performance [16]. In recent years, several 

studies have been proposed to combine two types of MSR methods to employ the inherent features of each 

method in one hybrid scheme. These hybrid methods aim to enhance the gain in PAPR reduction with low 

computational complexity.  

In the last works, several approaches have been introduced to combine PTS and SLM to minimize 

the PAPR-value. Pushkarev et al. [17] introduced a hybrid algorithm based on the combination of SLM and 

PTS by applying the input data sequence to the SLM technique and then passing each modified sequence to 

the PTS technique. Pushkarev algorithm can give better PAPR reduction performance than the C-PTS and 

SLM techniques, whereas the computational complexity is higher than that of the C-PTS scheme. Similarly, 

Satyavathi and Rao [18] applied the inverse discrete Hartley transform (IDHT) instead of inverse fast Fourier 

transform (IFFT) units to a Pushkarev's algorithm, where IDHT has the asymmetrical clipping property 

which achieves a further PAPR reduction level compared with IFFT. Singh et al. [19] and Mohammad et al. 

[20] combined the SLM and PTS techniques with a new approach by applying SLM as the sequence input 

data and the resulting OFDM signal is selected to be the input of the PTS technique. Since the degree of 

similarity between the sub-carriers inside the sunblock is reduced, Singh's method can achieve better PAPR 

reduction efficiency than C-PTS and SLM schemes but likened with the C-PTS process, the degree of 

computational complexity and side information is degraded. Just the same way, Wang in [21] combined the 

SLM and PTS techniques based on filter bank multicarrier (FBMC) like Singh’s method to minimize the 

PAPR value in a new candidate of the next generation. Another tactic has been proposed by Tiwari et al. [22] 

by combining the SLM and PTS schemes. Tiwari’s method depended on applying the SLM technique firstly, 

and then the resulting OFDM signal is transmitted to the block fast Fourier transform (FFT) before the 

implementation of the C-PTS technique. The Tiwari's algorithm is superior to the C-PTS method for PAPR 

reduction, at the detriment of increasing the complexity of computing and side-information.  

Likewise, Duanmu and Chen [23] and Singh and Singh [24] proposed a new method for combining 

the SLM technique and PTS technique in parallel. Dynamos algorithm is based on passing some of the data 

to PTS, and the remaining data are processed by SLM. The PAPR efficiency and the level of the 

computational complexity of the Duanmu algorithm are superior to the C-PTS process, whereas the amount 

of side information bits is increasing. In comparison to the C-PTS approach, several algorithms that combine 

the interleaving technique and the PTS technique have been proposed to minimize the PAPR reduction 

potential and/or the degree of computational complexity. Wang et al. [25] suggested a system to combine the 

interleaving and (PTS) techniques, sequentially. In Wang's algorithm, first, apply the interleaving method to 

process the input data sequence and then the modified-PTS method that has been proposed in [26] is 

performed to resulting signal by the interleaving technique. The PAPR reduction capacity of Wang's 

algorithm is better than C-PTS with slightly increasing computational complexity, while the side information 

level is increased. Also, Xiaoqiang in [27] introduced an algorithm dependant on the combination of 

interleaving and PTS techniques in which the permutation data sequence corresponding to the optimum time-

domain sequence is transferred to the C-PTS technique to further improve the efficiency of the peak-to-

average power ratio (PAP). However, mathematical calculations and bits of side information are much higher 

than the C-PTS process. The study reveals that there is a trade-off between the PAPR reduction efficiency 

and the hybrid methods' computational complexity level.  

In previous research, we concentrated on improving PAPR reduction efficiency and lowering 

computational complexity in the frequency domain portion of the PTS technique. In this paper, we combine 

two types of the MSR techniques in parallel, the SLM technique and the modified-PTS technique named the 

cyclic shift sequences PTS technique [28] to be a hybrid scheme. The hybrid scheme (SLM-PTS) aims to 

increase PAPR efficiency and level of computational complexity better than the traditional PTS technique. In 

the SLM-PTS method, the input data sequence is divided into two equal parts, where one of them undergoes 

the SLM technique and the other undergoes the PTS technique, in the time domain, the two parts are again 

combined to produce the transmitter signal. This method ensures excellent gain PAPR reductions and low 

level of computational complexity.  

 

 

2. PAPR BASED ON OFDM AND MC-CDMA 

PAPR can be defined as the ratio of the maximum transmitted signal peak power divided by the 

mean signal power [29]. Figure 1 shows a simplified OFDM system diagram in which the input data 
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sequence is mapped first by one of the modulation families and then parallel transferred into the IFFT block. 

IFFT modulates the baseband input sequence by the sub-carriers ' orthogonality and converts the data 

sequence from the frequency domain to the time domain. Before transmission, the cyclic prefix (CP) is added 

to the signal, so that the OFDM signal could be represented as (1). 

 

𝑥(𝑛) =
1

√𝑁
∑ 𝑋(𝑘)𝑒𝑗2𝜋𝑘

𝑛

𝑁𝑁−1
𝑘=0     ,   0 ≤ 𝑛 ≤ 𝑁 − 1 (1) 

 

where X (k) is the input data sequence, and (N) is the sub-carrier numbers. On the receiver side, all the 

operations that have been done in the transmitter are reversed. At the OFDM system, the signal output is 

composed of summing several different modulated subcarriers as a sinusoidal form. Due to the nature of the 

IFFT unit, the instantaneous peak power of some subcarriers of the sinusoid signal may be added together to 

become much larger than the average power of the signal [30]. Exactly, PAPR in decibel (dB) can be 

formulated as [31] as (2). 

 

PAPR (dB) = 10 𝑙𝑜𝑔10
𝑚𝑎𝑥 |𝑥(𝑛)|2

𝐸{|𝑥(𝑛)|2}
 (2) 

 

where E{.} represents the mean value for the signal. Also, the complementary cumulative distribution 

function (CCDF) is one of the popular methods for determining PAPR output [32]. The PAPR-based CCDF 

denotes the probability that the PAPR value exceeds a certain threshold for OFDM symbols (PAPR0). 

 

𝑃𝑟( PAPR>𝑃𝐴𝑃𝑅0) = 1 − (1 − 𝑒𝑥𝑝( − 𝑃𝐴𝑃𝑅0))𝑁𝐿 (3) 

 

where, the oversampling factor is (L). The continuous time of the OFDM baseband signal (nearly) can be 

obtained through applying L-time over-sampling of the discrete OFDM signal to capture certain signal peaks 

which do not appear when calculating the PAPR value. Oversampling is accomplished by adding (L-1) N 

zeros between the subcarriers. To improve the accuracy of the PAPR value, it is necessary to sample the 

discrete baseband signal with L equal to 4 samples. 

 

 

 
 

Figure 1. Block diagram of transmitted OFDM 

 

 

While, MC-CDMA, on the other hand, is one of the (5G) waveform candidates that applies a pair of 

transmitter and receiver filters across the frequency entire bandwidth. Figure 2 shows in the transmitting side 

of a complex data symbol, an MC-CDMA signal is produced and assigned to user h. The user-specific spread 

code is multiplied by ah in the data symbol transmitter 𝑏ℎ = [𝑏1
ℎ , 𝑏2

ℎ , . . . , 𝑏𝑀−1
ℎ ]𝑇 of spread factor M.  

The spread code ch obtained after spreading can be given in vector scheme as [33]. 

 

𝑐ℎ = 𝑎ℎ  𝑏ℎ = [𝐶1
ℎ, 𝐶2

ℎ, . . . , 𝐶𝑀−1
ℎ ]𝑇 (4) 

 

The ch is converted to parallel 𝐶𝑚
ℎ , where 𝑚 = 0, 1, . . . , 𝑀 − 1, and modulated onto M subcarriers 

followed by IDFT of size 𝑁 = 1 × 𝑀 to obtain a multi-carrier spread spectrum signal. A time-domain 

baseband transmission signal 𝑥ℎ(𝑡), after IDFT, for one MC-CDMA symbol, 0 ≤  𝑡 ≤  𝑇𝑠, is 

 

𝑥ℎ(𝑡) = ∑ ∑ 𝑎ℎ𝑏𝑚 
ℎ 𝑒

𝑗2𝜋(𝑚−1)𝑡
𝑇𝑠

⁄𝐻
ℎ=1

𝑀
𝑚=1  (5) 

 

The MC-CDMA symbol period 𝑇𝑠 , is and the total number of users is H. 
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Figure 2. Transmitted side of MC-CDMA [33] 

 

 

3. MULTIPLE SIGNALS REPRESENTATION TECHNIQUES (MSR) 

Multiple signal representation techniques can be classified as partial transmit sequences, selective 

mapping, and interleaving processes, in which the input data block is divided into several groups, and these 

groups are combined to select the best transmission signal [34]. 

 

3.1. PTS technique 

Muller introduced the partial transmission sequence technique in 1997 to improve the OFDM 

system's PAPR reduction efficiency. The PTS technique, on the other hand, has a high computational 

complexity for determining the best step factor. In addition, as side information (SI), PTS must provide the 

index of optimum phase rotation factors needed to recover the original receiver data [7]. Breaking the data 

block into disjunct sub-blocks is the core concept of modern PTS. The data is then transformed from the 

frequency domain to the time-domain by feeding each sub-block into the IFFT. To minimize the PAPR 

value, phase weighting factors are used to multiply the transformed sub-blocks by the phase factor's vectors, 

which are then combined to produce the candidate signals. For transmission, the candidate signal with the 

lowest PAPR value is chosen. The optimum phase factor that achieves the lowest PAPR value must transmit 

the phase factor to recover the original data phase factor index to the receiver. Figure 3 depicts the C-PTS 

block diagram, in which the X block of data is partitioned into non-overlapping Xv sub-blocks [35]. 

 

 

 
 

Figure 3. Transmitted of PTS block diagram [35] 

 

 

𝑋𝑣 = [𝑋𝑣,0, 𝑋𝑣,1, . . . , 𝑋𝑣,𝑁𝐿−1]𝑇 , 𝑣 = {1,2, . . . , 𝑉} (6) 

 

thus, 

 

𝑋 = ∑ 𝑋𝑣
𝑉
𝑣=1  (7) 

 

where V is the number of the sub-block, and subscription 𝑣 = 1, 2, . . . , 𝑉. The phase factors must have an 

amplitude of unity and the phase factors (bv) components are usually set to {±1} or {±1, ±j} to prevent 

complex multiplication operations. Therefore, the phase factors can be obtained as (8). 

 

𝑏𝑣 = 𝑒𝑗2𝜋𝑣/𝑊|𝑣 = {0,1, . . . , 𝑊 − 1} (8) 
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where W is the number of phase factors allowed. In addition, the vector for phase rotation may be expressed 

as (9). 

 

𝑏𝑣 = [𝑏1, 𝑏2, . . . , 𝑏𝑉]𝑇 (9) 

 

In general, phase factors are translated into the time domain using a linear property of the inverse 

discrete Fourier transform (IDFT), Wu et al. [36] give the OFDM time domain signal after the sub-locks 

have been combined. 

 

𝑥 = IFFT{∑ 𝑏𝑣𝑋𝑣}𝑉
𝑣=1 = ∑ 𝑏𝑣 IFFT{𝑋𝑣}𝑉

𝑣=1  = ∑ 𝑏𝑣𝑥𝑣
𝑉
𝑣=1  (10) 

 

The goal is to find a collection of phase factors that reduce the OFDM signal's PAPR value.  

The optimal phase factor is thus obtained as (11). 

 

{𝑏1, 𝑏2, … , 𝑏𝑣} =
arg 𝑚𝑖𝑛

1 ≤ 𝑤 ≤ 𝑊
(

𝑚𝑎𝑥
0 ≤ 𝑛 ≤ 𝑁𝐿 − 1

|∑ 𝑏𝑣𝑥𝑣
𝑣
𝑣−1 |) (11) 

 

3.2. Selective mapping technique (SLM) 

Bauml proposed the selective mapping technique in 1995 to reduce the PAPR value in the OFDM 

scheme. The SLM technique is a subset of the MSR techniques. The SLM method procedure begins with the 

generation of some phase rotation vectors (PRVs), after which the original data sequence is copied in 

proportion to the number of PRVs [37]. The PRVs multiply the data sequences to produce new independent 

sequences that are transferred to the IFFT bank to generate a collection of OFDM candidate signals. For 

transmission, the candidate signal with the lowest PAPR value is chosen. Figure 4 displays the block diagram 

of the SLM method, in which the input data sequence is copied and then multiplied by specific step 

sequences U. Afterwards, the changed data sequences are transferred to the IFFT U-point to produce OFDM 

signals U-candidates. The transmitter must send the selected phase sequence index to the receiver as SI to 

recover the original data. thus, the quantity of side information bits is given as [14]. 

 

SISLM = 𝑙𝑜𝑔2 𝑈 (12) 

 

actually [38], the computational complexity of SLM lies in the number of multiplication operations (
SLM

multC ), 

which are given as 𝐶add
SLM = 𝑈[𝑁 𝑙𝑜𝑔2 𝑁]. 

 

 

 
 

Figure 4. Transmitted of SLM block diagram 

 

 

3.3. Interleaving technique 

Jayalath implemented the interleaving technique in 2000 as a way to reduce the high similarity 

between input data sequence samples and increase the PAPR reduction benefit. The interleaving technique is 

similar to the SLM technique in terms of working form. Rather than using step sequences, the interleaving 

technique employs a set of interleavers. The interleaver is a device which reorders or makes the data symbol 

in a certain way [37]. The interleavers produce (K-1) the permuted data sequences from the original data 
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sequence and transfer these permuted data sequences and the original data sequence to the K-IFFT bank for 

an assortment of OFDM signals candidates. The deepest PAPR signal between the candidate signals is then 

chosen for transmission, as illustrated in Figure 5. Also, the computational complexity [39] of the 

interleaving technique can be written as (13). 

 

SIInterleaving = 𝑙𝑜𝑔2 𝐾;
 
𝐶add

Interleaving
= 𝐾𝑁 𝑙𝑜𝑔2 𝑁 (13) 

 

 

 
 

Figure 5. Block diagram of interleaving [32] 

 

 

4. METHOD OF COMBINING SLM AND PTS 

As previously said, SLM and PTS are two forms of MSR techniques. With a moderate level of 

computational complexity, SLM can provide good PAPR reduction efficiency, while PTS can provide 

superior PAPR reduction performance at the expense of a high level of computational complexity. Also, 

since both SLM and PTS require sending bits of side information to the receiver to retrieve the original data, 

a new approach combining the SLM and the cyclic shift sequence (CSS-PTS) methods is proposed, which is 

dubbed the SLM-CSS-PTS process. This approach aims to reduce the PAPR value and computation 

complexity more effectively than the C-PTS method. The SLM method is a procedure for lowering the PAPR 

value to generate (U) phase rotation vectors (PRV), 𝑃𝑢 = [𝑃𝑢,0, 𝑃𝑢,1, ⋯ , 𝑃𝑢,𝑁−1], where (𝑢) = [1, 2, … , 𝑈], 

and (N) is the length of the data sequence [40]. Moreover, the original data sequence, 𝑋 = [𝑋0, 𝑋1, ⋯ , 𝑋𝑁−1], 
is copied according to a combined number of PRVs [37]. Next, U-PRVs multiply the data sequences 

component-wise to generate the new independent sequences [38]. 

 

𝑋𝑢 = [𝑋0𝑃𝑢,0, 𝑋1𝑃𝑢,1, ⋯ , 𝑋𝑁−1𝑃𝑢,𝑁−1] (14) 

 

After that, the independent sequences are transferred to the IFFT bank to generate a collection of 

candidate signals, and the candidate signal with the lowest PAPR value is chosen for transmission with the 

best PRV index [15]. In the CSS-PTS method, the procedure for reducing the PAPR value starts after 

obtaining the time-domain subblock sequences {xv | v=1, 2, …, V}, in which the gth candidate sequence, 

1≤g≤G, is generated by cyclically shifting some subblock sequences and combined them [41]. The OFDM 

signal is as (15). 

 

𝑥 = ∑ 𝑥𝑣
𝑔𝑉

𝑣=1   ,   1 ≤ 𝑔 ≤ 𝐺 (15) 

 

where 
g

vx is the cyclically shifting version of xv by some of the integer shift numbers. This is [42], 

 

𝑥𝑣
𝑔

= circular(𝑥𝑣 , 𝑞𝑣
𝑔

) = [𝑥𝑣(𝑞𝑣
𝑔

), 𝑥𝑣(𝑞𝑣
𝑔

+ 1), . . . , 𝑥𝑣(𝑁 + 1), 𝑥𝑣(0), . . . , 𝑥𝑣(𝑞𝑣
𝑔

− 1)] (16) 

 

where g

vq ,1≤v≤V, is the shift number. Also, the set of shift numbers for the gth candidate sequence is denoted 

by 𝐻𝑔 = [𝑞1
𝑔

, 𝑞2
𝑔

, . . . , 𝑞𝑉
𝑔

]. Hence, the CSS-PTS method needs to construct G-shift number sets, 

𝐻 = [𝐻1, 𝐻2, . . . , 𝐻𝐺], to generate the OFDM signals needed for the candidate [35]. The candidate sequence 

with the lowest PAPR is chosen for transmission to the receiver, along with the right optimum shift number. 

The reduction protocol for PAPR in the (SLM- PTS) process is to combine the SLM and PTS methods in 

parallel, where each method is used to process half the input data sequences and both halves are again 

combined before transmitting to the receiver. The SLM- PTS system is depicted in Figure 6, in which the 
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sequence of input data is divided into two equal sections A and B as 𝑋 = [𝑋𝐴, 𝑋𝐵]. In addition,  

𝑋𝐴 = [𝑋0, 𝑋1, 𝑋2, . . . , 𝑋(𝑁/2)−1], and 𝑋𝐵 = [𝑋𝑁/2, 𝑋(𝑁/2)+1, 𝑋(𝑁/2)+2, . . . , 𝑋𝑁−1]. After that, the data of part A 

undergoes the PTS technique, while the data of part B undergoes the SLM technique. Next, the first part 

employs the CSS-PTS procedure to reduce its PAPR, where, instead of phase rotation variables, the cyclic 

shift technique is used to optimize the transformed sub-blocks to produce the optimal signal of part A.  

 

𝑥𝐴 = ∑ {circular(𝑥𝐴𝑣
𝑔

)| 𝑔 = 1,2, . . . , 𝐺}𝑉
𝑣=1  (17) 

 

where V is the candidate's sub-block number and G is the total number of signals. Part B also employs the 

SLM method to reduce its PAPR, with the SLM technique producing part B's best signal:  

𝑥𝐵 = IFFT(𝑋𝐵𝑢),   𝑢 = 1,2, ⋯ , 𝑈. Lastly, the optimal signals of both parts A and B are combined to produce 

the entire transmitting signal transmitted to the receiver with each part's side information, [ A, B]x x x= . 

 

 

 
 

Figure 6. SLM-PTS process system structure 

 

 

The PAPR reduction efficiency of the SLM- PTS system will be increased, and the subcarriers will 

be more autonomous since both SLM and PTS techniques are used to minimize the PAPR value. 

Furthermore, the numerical complexity of the SLM-SC-PTS method is equal to the number of the SLM and 

PTS methods. Also, PTS mathematical calculations in the time domain are a complex multiplication 

operation (CSLM-PTS) using H shift number sets.  

 

𝐶𝑚𝑢𝑙𝑡
𝑆𝐿𝑀−𝑃𝑇𝑆 = [𝑈𝑁] + [(𝑈 + 𝑉) (

𝑁

4
𝑙𝑜𝑔2

𝑁

2
)] + [

𝑁

2
(𝐻 + (𝐻 − 1) × (𝑉 − 1))] (18) 

 

Besides, the SLM-PTS side information bits number is the sum of the SLM side information and the 

CSS-PTS side information. 

 

𝑆𝐼𝑆𝐿𝑀−𝑃𝑇𝑆 = 𝑙𝑜𝑔2𝑈 + 𝑙𝑜𝑔2𝐻 (19) 

 

The SLM-PTS method can be utilized to reduce the computational complexity and improve the 

PAPR reduction gain. The combined method is applied to the transmitter of the OFDM or MC-CDMA 

system in the time and frequency domain. Also, the optimum phase factor indexes for each part of the 

combined method are transmitted to the recipient as (SI) for recovery of the original data. Figure 7 

demonstrates the baseband of transmitting the OFDM or F-OFDM signal using the proposed combined 

method. On the transmitter side, the number of complex (SLM-PTS) additions to the MC-CDMA system can 

be defined in (34). However, the number of complicated multiplications includes the complexity of the 

OFDM signal and the complexity of the added filter. So, the number of (SLM-PTS) multiplication operations 

in MC-CDMA (C) can be given as [40]. 
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𝐶𝑀𝐶−𝐶𝐷𝑀𝐴
𝑆𝐿𝑀−𝑃𝑇𝑆 = [𝑈𝑁] + [(𝑈 + 𝑉) (

𝑁

𝑉
𝑙𝑜𝑔2

𝑁

2
)] + [

𝑁

2
(𝐻 + (𝐻 − 1) × (𝑉 − 1))] + [𝑁 × (𝑂 − 1)] (20) 

 

In the receiver's case, the OFDM or MC-CDMA signal received is reversed in the receiver 

compared to the transmitter side, in which the received OFDM signal is split into two parts and the received 

side information of each component is used to re-rotate its phases. Before the de-mapping operation, the two 

parts are thus combined again to produce the output data, as shown in Figure 8. 

 

 

 
 

Figure 7. Baseband of transmitting the MC-CDMA method signal using the combined based PTS-SLM 

PAPR reduction 

 

 

 
 

Figure 8. Baseband of OFDM receiving a signal using the combined method 

 

 

5. CALCULATION OF COMPLEXITY AND DISCUSSION 

The SLM-PTS system is introduced to combine the SLM technique's low computational complexity 

and the PTS method's superior PAPR reduction efficiency into a single scheme. In this section, the PAPR and 

BER, PSD, side information, and computational complexity performances of SLM–PTS in the OFDM and 

MC-CDMA systems are evaluated. Table 1 lists the simulation parameters for evaluating the SLM-CSS-PTS 

system compared with the other OFDM and MC-CDMA methods in the works. 

 



                ISSN: 2722-3221 

Comput Sci Inf Technol, Vol. 3, No. 1, March 2022: 1-9 

18 

The model is performed in the OFDM system when the subcarrier number is 1024 and the 

constellation order M=265. In this work, the method compared and simulated by PTS, SLM, interleaving, 

Pushkarev’s method [17], Singh’s method [24], Tiwari’s method [22], Duanmu’s method [30], Wang’s 

method [37], and Xiaoqiang’s method [27] when V=4, U=24, K=11, W=4. The SLM-CSS-PTS method 

outperforms other methods in terms of PAPR performance reductions. This is because the process SLM-

CSS-PTS is a class of MSR techniques, where no signal distortion using the SLM-CSS-PTS method. Table 3 

lists the number of complex addition and multiplication operations in Table 2 for the different methods.  

The results offer that SLM-CSS-PTS is the lowest computational complexity among the combined methods. 

 

 

Table 1. Parameters of SLM-CSS-PTS in OFDM and MC-CDMA 
Parameters Values 

The number of sub-carriers 1024, 2048 

The number of constellation order 256 
Number of transmitting bits 10000 

No. of users H 8, 16 

Number of permitted phase factors W {±1}, or {±1, ±j}) 
Modulation M-PSK 

Additive noises 20dB 

Number of sub-blocks 4 
Number of oversampling 4 

Slm method–number of phase rotation vectors 24 

Interleaving method–number of interleaves (K) 11 
Pts method–number of shift sets (H) 64 

 

 

Table 2. Complexity equations of the literature's methods previously combined 
Method Complexity 

PR-PTS [
𝑉𝑁

2
𝑙𝑜𝑔2 𝑁] + [𝑊𝑉−1 × 𝑁 × (𝑉 + 1)] 

SLM [2𝑈𝑁] + [
𝑈𝑁

2
𝑙𝑜𝑔2 𝑁] 

Interleaving [𝐾𝑁] + [
𝐾𝑁

2
𝑙𝑜𝑔2 𝑁] 

SLM- PTS [43] [𝑈𝑁] + [(𝑈 + 𝑉) (
𝑁

4
𝑙𝑜𝑔2

𝑁

2
)] + [

𝑁

2
(𝐻 + (𝐻 − 1) × (𝑉 − 1))] 

Pushkarev [17] [𝑈𝑁] + [𝑈 × (
𝑉𝑁

2
𝑙𝑜𝑔2 𝑁)] + [𝑈 × (𝑊𝑉−1 × 𝑁 × (𝑉 + 1))] 

K. Singh [26] [2𝑈𝑁] + [(𝑈 + 𝑉) (
𝑁

2
𝑙𝑜𝑔2 𝑁)] + [𝑊𝑉−1 × 𝑁 × (𝑉 + 1)] 

Tiwari [22] [2𝑈𝑁] + [(𝑈 + 𝑉 + 1) (
𝑁

2
𝑙𝑜𝑔2 𝑁)] + [𝑊𝑉−1 × 𝑁 × (𝑉 + 1)] 

Duanmu [30] [𝑈𝑁] + [(𝑈 + 𝑉) (
𝑁

4
𝑙𝑜𝑔2

𝑁

2
)] + [𝑊𝑉−1 ×

𝑁

2
× (𝑉 + 1)] 

Z. Wang [33] [𝐾𝑁] + [(𝐾 + 𝑉) (
𝑁

2
𝑙𝑜𝑔2 𝑁)] + [𝑊𝑉−1 × 𝑁 × (𝑉 + 1)] 

Xiaoqiang [27] [𝐾𝑁] + [(𝐾 + 𝑉) (
𝑁

2
𝑙𝑜𝑔2 𝑁)] + [𝑊𝑉−1 × 𝑁 × (𝑉 + 1)] 

 

 

Table 3. The computational complexity of the different combined methods in literature, V=4, U=24, K=11 

sub-

carriers 

Complexity 

SLM [38] PTS [35] 
Interleaving 

[41] 

K. Singh 

[26] 

Pushkarev 

[17] (U=2) 

Tiwari 

[22] 

Duanmu 

[30] 

SLM-CSS-

PTS [43] 

Xiaoqiang 

[7] 

256 35864 87016 14080 51072 123904 172544 122880 58948 95176 
512 78872 169056 30976 105728 255232 347136 252928 122880 195584 

1024 172032 348160 67584 218624 525312 698368 520192 252928 403456 

2048 368640 700416 146432 451584 1080320 1404928 1069056 520192 833536 
4096 786432 1409024 315392 931840 2220032 2826240 2195456 1069056 1724416 

 

 

The number of complex additions and multiplications in the frequency and time domains is 

represented by the computation's complexity. The mathematical estimation of the SLM- PTS system is 

performed in this section, and it is compared to PR-PTS and other related methods discussed in the literature. 

Table 2 registers the complex addition and multiplication equations for PR-PTS, SLM- PTS, and some of the 

combined methods in the references. The parameters relating to the calculation of computational complexity 

are computational complexity reduction ratio (CCRR): 
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𝐶𝐶𝑅𝑅 =
Complexity−𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑 𝑀𝑒𝑡ℎ𝑜𝑑 𝐶𝑜𝑚𝑝𝑙𝑒𝑥𝑖𝑡𝑦

Complexity of other ways
∗ 100% (21) 

 

Then, the SLM-CSS-PTS [43] approach is considered to be an effective method for enhancing 

PAPR reduction efficiency at low computational complexity compared to other combined approaches.  

Table 4 compares the efficiency of the SLM-CSS-PTS approach with that of other similar methods in terms 

of computational complexity reduction ratio (CCRR). The level of the computational complexity of the 

SLM-CSS-PTS process is better than other combined methods. For example, when N=1024, the complex 

addition operations of SLM-CSS-PTS have been reduced by 40.61%, 52.15%, 50.96%, 53.74%, 50%, 

32.05%, and 31.85% compared with PR-PTS, Pushkarev, Singh, Tiwari, Duanmu, Wang, and Xiaoqiang, 

respectively. As well, the complex multiplication operations of SLM-CSS-PTS have been reduced by 39.2%, 

66.69%, 56.97%, 55.38%, 15.34%, 45. 18% and 46.22% compared with the PR-PTS.  

In this part, information bits are needed for the different methods, where the SI bits of the SLM-

CSS-PTS system can be measured with 26. The SLM-CSS-PTS method required 11 bits as side information 

for Z. Wang’s method, 10 bits for Xiaoqiang’s method, 12 bits for K. Singh’s method, Tiwari’s method, and 

Duanmu’s method. Therefore, The SLM-CSS-PTS has more side-information bits than the PTS method, 

considering that the method proposed is better than PR-PTS as regards PAPR performance reduction and 

level of computational complexity. Moreover, the method proposed has the lower or the same number of side 

information bits compared with the other combined methods, except Xiaoqiang’s method which has 10 bits, 

as side details at the expense of PAPR performance degradation. 

 

 

Table 4. CCRR combined between of the different approaches 

No. of 

sub-

carriers 

SLM-CSS-PTS 

& Pushkarev 

[24] CCRR % 

SLM-CSS-

PTS & PR-
PTS [43] 

CCRR % 

SLM-CSS-

PTS & 
Tiwari [22] 

CCRR % 

SLM-CSS-

PTS & 
Duanmu [23] 

CCRR % 

SLM-CSS-

PTS & Z. 
Wang [44] 

CCRR % 

SLM-CSS-PTS 

& Xiaoqiang 

[27] (CCRR×)% 

SLM-CSS-

PTS & k. 
Singh [24] 

CCRR % 

256 71.42 40.62 58.78 14.37 45.92 46.22 30.71 

512 69.54 38.9 58.57 13.95 45.94 45.94 30.66 
1024 68.69 37.2 57.38 13.56 45.81 45.81 31.05 

2048 67.85 35.52 59.19 13.18 45.82 45.82 31.79 

4096 67.02 33.86 58.82 12.83 45.96 45.96 32.79 

 

 

6. CONCLUSION 

This study is an extrapolation and survey of a hybrid approach to MSR to reduce the high PAPR 

pattern with low transmitter signal complexity in OFDM and MC-CDMA. The proposed hybrid method 

combines SLM method and PTS method in parallel, SLM system has good complexity low efficiency PAPR, 

PTS approach has distinct medium complexity, low performance PAPR. Simulations and numerical 

computations were performed to test better hybrid approaches to reduce PAPR and PSD capacity and 

computational complexity. It has been proven that the hybrid method can improve the performance of PAPR 

reduction better than the conventional PTS method. The current hybrid methods are present but need more 

development. Meanwhile, the hybrid approach has been computationally less complex than the PTS method 

and the current hybrid methods. Moreover, the number of bits of side information for the investigated 

methods of the mixed methods are currently used. As a result, the SLM-PTS method is found to be suitable 

for reducing high PAPR patterns in OFDM and MC-CDMA systems with low computational complexity. 

 

 

REFERENCES 
[1] S. Peng, A. Liu, L. Song, I. Memon, and H. Wang, “Spectral efficiency maximization for deliberate clipping-based multicarrier 

faster-than-Nyquist signaling,” IEEE Access, vol. 6, pp. 13617–13623, 2018, doi: 10.1109/ACCESS.2018.2813325. 

[2] S. Ren, H. Deng, X. Qian, and Y. Liu, “Sparse PTS scheme based on TR schemes for PAPR reduction in FBMC-OQAM systems,” 
IET Communications, vol. 12, no. 14, pp. 1722–1727, Aug. 2018, doi: 10.1049/iet-com.2017.1160. 

[3] R. Gerzaguet et al., “The 5G candidate waveform race: a comparison of complexity and performance,” Eurasip Journal on 

Wireless Communications and Networking, vol. 2017, no. 1, p. 13, Dec. 2017, doi: 10.1186/s13638-016-0792-0. 
[4] L. Zhang, A. Ijaz, P. Xiao, A. Quddus, and R. Tafazolli, “Subband filtered multi-carrier systems for multi-service wireless 

communications,” IEEE Transactions on Wireless Communications, vol. 16, no. 3, pp. 1893–1907, Mar. 2017, doi: 

10.1109/TWC.2017.2656904. 
[5] A. Liu, S. Peng, L. Song, X. Liang, K. Wang, and Q. Zhang, “Peak-to-average power ratio of multicarrier faster-than-Nyquist 

signals: Distribution, optimization and reduction,” IEEE Access, vol. 6, pp. 11977–11987, 2018, doi: 

10.1109/ACCESS.2018.2809658. 
[6] J. Zhao, S. Ni, and Y. Gong, “Peak-to-average power ratio reduction of FBMC/OQAM signal using a joint optimization scheme,” 

IEEE Access, vol. 5, pp. 15810–15819, 2017, doi: 10.1109/ACCESS.2017.2700078. 

[7] J. J. Wang et al., “Spectral efficiency improvement with 5G technologies: Results from field tests,” IEEE Journal on Selected 
Areas in Communications, vol. 35, no. 8, pp. 1867–1875, 2017, doi: 10.1109/JSAC.2017.2713498. 



                ISSN: 2722-3221 

Comput Sci Inf Technol, Vol. 3, No. 1, March 2022: 1-9 

20 

[8] S. Gokceli and G. Karabulut Kurt, “Superposition coded-orthogonal frequency division multiplexing,” IEEE Access, vol. 6, pp. 

14842–14856, 2018, doi: 10.1109/ACCESS.2018.2814050. 
[9] Y. A. Al-Jawhar, K. N. Ramli, A. Mustapha, S. A. Mostafa, N. S. Mohd Shah, and M. A. Taher, “Reducing PAPR with low 

complexity for 4G and 5G waveform designs,” IEEE Access, vol. 7, pp. 97673–97688, 2019, doi: 

10.1109/ACCESS.2019.2930121. 
[10] A. K. Nahar, S. A. Gitaffa, M. M. Ezzaldean, and H. K. Khleaf, “FPGA implementation of MC-CDMA wireless communication 

system based on SDR-a review,” Review of Information Engineering and Applications, vol. 4, no. 1, pp. 1–19, 2017, doi: 

10.18488/journal.79.2017.41.1.19. 
[11] N. Ali, R. Almahainy, A. Al-Shabili, N. Almoosa, and R. Abd-Alhameed, “Analysis of improved μ-law companding technique for 

OFDM systems,” IEEE Transactions on Consumer Electronics, vol. 63, no. 2, pp. 126–134, May 2017, doi: 

10.1109/TCE.2017.014753. 
[12] M. A. Hussein, Ala’a.H.Ali, and A. K. Nahar, “Hybrid model for PAPR minimization in OFDM system,” Iraqi Journal of 

Computer, Communication, Control and System Engineering, vol. 21, no. 1, pp. 16–30, Feb. 2021, doi: 10.33103/uot.ijccce.21.1.2. 

[13] M. A. Taher, J. S. Mandeep, M. Ismail, S. A. Samad, and M. T. Islam, “Sliding the SLM-technique to reduce the non-linear 
distortion in OFDM systems,” Elektronika ir Elektrotechnika, vol. 19, no. 5, pp. 103–111, May 2013, doi: 

10.5755/j01.eee.19.5.2075. 

[14] Y. A. Jawhar et al., “New low-complexity segmentation scheme for the partial transmit sequence technique for reducing the high 
PAPR value in OFDM systems,” ETRI Journal, vol. 40, no. 6, pp. 699–713, Dec. 2018, doi: 10.4218/etrij.2018-0070. 

[15] H. S. Joo, K. H. Kim, J. S. No, and D. J. Shin, “New PTS Schemes for PAPR Reduction of OFDM Signals Without Side 

Information,” IEEE Transactions on Broadcasting, vol. 63, no. 3, pp. 562–570, Sep. 2017, doi: 10.1109/TBC.2017.2711141. 
[16] M. A. Taher, M. J. Singh, M. Ismail, S. A. Samad, M. T. Islam, and H. F. Mahdi, “Post-IFFT-modified selected mapping to reduce 

the PAPR of an OFDM system,” Circuits, Systems, and Signal Processing, vol. 34, no. 2, pp. 535–555, Feb. 2015, doi: 

10.1007/s00034-014-9868-4. 
[17] P. A. Pushkarev, K. W. Ryu, K. Y. Yoo, and Y. W. Park, “A study on the PAR reduction by hybrid algorithm based on the PTS 

and SLM techniques,” in IEEE Vehicular Technology Conference, 2003, vol. 57, no. 2, pp. 1263–1267, doi: 
10.1109/vetecs.2003.1207830. 

[18] K. Satyavathi and B. Rama Rao, “Modified phase sequence in hybrid Pts scheme for PAPR reduction in OFDM systems,” in 

Innovations in Electronics and Communication Engineering, vol. 33, H. S. Saini, R. K. Singh, V. M. Patel, K. Santhi, and S. V. 
Ranganayakulu, Eds. Singapore: Springer Singapore, 2019, pp. 327–333. 

[19] K. Singh, M. R. Bharti, and S. Jamwal, “A modified PAPR reduction scheme based on SLM and PTS techniques,” in 2012 IEEE 

International Conference on Signal Processing, Computing and Control, ISPCC 2012, Mar. 2012, pp. 1–6, doi: 
10.1109/ISPCC.2012.6224364. 

[20] A. S. Mohammad, A. H. Zekry, and F. Newagy, “A combined PTS-SLM scheme for PAPR reduction in multicarrier systems,” in 

2013 IEEE Global High Tech Congress on Electronics, GHTCE 2013, Nov. 2013, pp. 146–150, doi: 
10.1109/GHTCE.2013.6767260. 

[21] H. Wang, “A hybrid PAPR reduction method based on SLM and multi-data block PTS for FBMC/OQAM systems,” Information 

(Switzerland), vol. 9, no. 10, p. 246, Oct. 2018, doi: 10.3390/info9100246. 
[22] H. Tiwari, R. Roshan, and R. K. Singh, “PAPR reduction in MIMO-OFDM using combined methodology of selected mapping 

(SLM) and partial transmit sequence (PTS),” in 9th International Conference on Industrial and Information Systems, ICIIS 2014, 

Dec. 2015, pp. 1–5, doi: 10.1109/ICIINFS.2014.7036495. 
[23] C. Duanmu and H. Chen, “Reduction of the PAPR in OFDM systems by intelligently applying both PTS and SLM algorithms,” 

Wireless Personal Communications, vol. 74, no. 2, pp. 849–863, Jan. 2014, doi: 10.1007/s11277-013-1325-3. 

[24] A. Singh and H. Singh, “Peak to average power ratio reduction in OFDM system using hybrid technique,” Optik, vol. 127, no. 6, 
pp. 3368–3371, Mar. 2016, doi: 10.1016/j.ijleo.2015.12.105. 

[25] Z. Wang, J. Zhu, and K. Gao, “Proposal of PAPR reduction method for OFDM signal by optimized PTS combined with 

interleaving method,” in 2015 IEEE China Summit and International Conference on Signal and Information Processing, ChinaSIP 
2015 - Proceedings, Jul. 2015, pp. 943–947, doi: 10.1109/ChinaSIP.2015.7230543. 

[26] X. Qiao and T. N. Liang, “Comparison analysis of multiple signal representation methods for PAPR reduction in OFDM systems,” 

in Proceedings of 2013 3rd International Conference on Computer Science and Network Technology, ICCSNT 2013, Oct. 2014, 
pp. 850–853, doi: 10.1109/ICCSNT.2013.6967239. 

[27] K.-H. Kim, “On the shift value set of cyclic shifted sequences for PAPR reduction in OFDM systems,” IEEE Transactions on 

Broadcasting, vol. 62, no. 2, pp. 496–500, Jun. 2016, doi: 10.1109/TBC.2016.2529292. 
[28] Y. Jawhar, R. Abdulhasan, and K. Ramli, “A new hybrid sub-block partition scheme of PTS technique for reduction PAPR 

performance in OFDM system,” ARPN Journal of engineering and applied science, vol. 11, no. 6, pp. 3904–3910, 2016. 

[29] N. Taşpinar and Y. Tokur Bozkurt, “Peak-to-average power ratio reduction using backtracking search optimization algorithm in 
OFDM systems,” Turkish Journal of Electrical Engineering and Computer Sciences, vol. 24, no. 4, pp. 2307–2316, 2016, doi: 

10.3906/elk-1401-260. 

[30] A. K. Nahar and K. H. Bin Gazali, “PAPR reduction based on proposed rotating phase shift technique in MC-CDMA using 
FPGA,” International Journal of Communications, Network and System Sciences, vol. 08, no. 07, pp. 249–259, 2015, doi: 

10.4236/ijcns.2015.87025. 

[31] Y. A. Al-Jawhar, K. N. Ramli, M. A. Taher, N. S. M. Shah, L. Audah, and M. S. Ahmed, “Zero-padding techniques in OFDM 
systems,” International Journal on Electrical Engineering and Informatics, vol. 10, no. 4, pp. 704–725, Dec. 2018, doi: 

10.15676/ijeei.2018.10.4.6. 

[32] A. K. Nahar, A. N. Abdalla, A. Y. Jaber, and M. M. Ezzaldean, “PAPR Reduction Using Eight Factors Rotating Phase Shift 
Technique Based on Local Search Algorithm in OFDM,” Review of Computer Engineering Research, vol. 4, no. 2, pp. 38–53, 

2017, doi: 10.18488/journal.76.2017.42.38.53. 

[33] L. Zhang, A. Ijaz, P. Xiao, M. M. Molu, and R. Tafazolli, “Filtered OFDM systems, algorithms, and performance analysis for 5G 
and beyond,” IEEE Transactions on Communications, vol. 66, no. 3, pp. 1205–1218, Mar. 2018, doi: 

10.1109/TCOMM.2017.2771242. 

[34] A. De La Fuente, R. P. Leal, and A. G. Armada, “New technologies and trends for next generation mobile broadcasting services,” 
IEEE Communications Magazine, vol. 54, no. 11, pp. 217–223, Nov. 2016, doi: 10.1109/MCOM.2016.1600216RP. 

[35] P. Guan et al., “5G field trials: OFDM-based waveforms and mixed numerologies,” IEEE Journal on Selected Areas in 

Communications, vol. 35, no. 6, pp. 1234–1243, Jun. 2017, doi: 10.1109/JSAC.2017.2687718. 

[36] D. Wu et al., “A field trial of f-OFDM toward 5G,” in 2016 IEEE Globecom Workshops, GC Wkshps 2016 - Proceedings, Dec. 



Comput Sci Inf Technol  ISSN: 2722-3221  

 

A hybrid of the selected mapping and partial transmit sequence approaches for reducing … (Ali K. Nahar) 

21 

2016, pp. 1–6, doi: 10.1109/GLOCOMW.2016.7848810. 
[37] M. Vijayalakshmi and K. R. Reddy, “Semi-weighting PTS PAPR reduction method in OFDM systems by Modified Cuckoo Search 

algorithm,” in Proceedings of the 2017 International Conference on Wireless Communications, Signal Processing and Networking, 

WiSPNET 2017, Mar. 2018, vol. 2018-Janua, pp. 262–267, doi: 10.1109/WiSPNET.2017.8299759. 
[38] W. W. Hu and D. H. Lee, “PAPR reduction for visible light communication systems without side information,” IEEE Photonics 

Journal, vol. 9, no. 3, pp. 1–11, Jun. 2017, doi: 10.1109/JPHOT.2017.2700400. 

[39] Y. A. Al-Jawhar et al., “An enhanced partial transmit sequence based on combining hadamard matrix and partitioning schemes in 
OFDM systems,” International Journal of Integrated Engineering, vol. 10, no. 3, pp. 1–7, Dec. 2018, doi: 

10.30880/ijie.2018.10.03.001. 

[40] M. N. Mohammed, A. K. Nahar, A. N. Abdalla, and O. A. Hammood, “Peak-to-average power ratio reduction based on optimized 
phase shift technique,” in 2017 17th International Symposium on Communications and Information Technologies, ISCIT 2017, 

Sep. 2017, vol. 2018-Janua, pp. 1–6, doi: 10.1109/ISCIT.2017.8261215. 

[41] A. K. Nahar and Y. Rahayu, “Design and implementation of MC CDMA wireless communication system using partial 
reconfiguration in FPGA a review,” International Journal of Advancements in Communication Technologies-IJACT, vol. 2, no. 2, 

pp. 42–46, 2015. 

[42] K. Tani, Y. Medjahdi, H. Shaiek, R. Zayani, and D. Roviras, “PAPR reduction of post-OFDM waveforms contenders for 5G 
beyond using SLM and TR algorithms,” in 2018 25th International Conference on Telecommunications, ICT 2018, Jun. 2018, pp. 

104–109, doi: 10.1109/ICT.2018.8464904. 

[43] M. A. Hussein, A. K. Nahar, and A. H. Ali, “A new hybrid approach for reducing the high PAPR in OFDM and F-OFDM systems 
with low complexity,” in Proceedings - 2nd Al-Noor International Conference for Science and Technology, NICST 2020, Aug. 

2020, pp. 57–62, doi: 10.1109/NICST50904.2020.9280313. 

[44] J. Xia, Y. Li, Z. Zhang, M. Wang, W. Yu, and S. Wang, “A suboptimal TR algorithm with fixed phase rotation for PAPR reduction 
in MC-CDMA system,” in IET Conference Publications, 2013, vol. 2013, no. 618 CP, pp. 415–420, doi: 10.1049/cp.2013.0079. 

 


