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Abstract 

With the advancement in the technology, OFDM has become widely used technology. A significant number of 
researchers have proposed different mechanism to cope with these issues. After analyzing different mechanisms used in this 
domain, a novel model is projected in which PAPR would be reduced to great extent by incorporating the existing system with 
the new technology. In this proposed approach, Peak insertion technique is implemented in the model in order to plummet the 
very high PAPR and along with this; the distortion in the signals is removed by introducing a filtration technique. Butterworth 
filter is implemented to remove the noise from the signal. Simulation is carried out in MATLAB software. Eventually, the 
performance of the novel system is evaluated with respect to that of existing technique in terms of different parameters. 
 
Keywords: PAPR Reduction, OFDM Systems, 5G Communication, Bit Error Rate Reduction, etc. 
 
Introduction 

With the growing demand of using 5G in wireless communication as the next generation, it is anticipated to achieve huge 
advancements with high capacity, high data rate, minimum latency, huge network coverage and very less energy consumption 
[1]. To fulfil the above-mentioned requirements, all the resources available in all the domains along with frequency, code and 
space, time and optimal resource distribution need to be explored and utilized by the 5G systems [2]. In addition to this, the 
versatility and variability of the 5G systems are considered necessary to support the various facilities and applications [3]. The 
concept of using Non-orthogonal multiple access (NOMA) in next generation wireless systems is growing because of its huge 
capacity. Non- orthogonal multiple access (NOMA) is believed to be promising technology as it satisfies the need of highly 
efficient spectrum and a wide range of area coverage in 5G wireless systems [4]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a)                                                                                                            (b) 
Fig 1: concept of non-orthogonal multiple access (NOMA) technology [5]. 

 
The example of NOMA is LDS-OFDM that possesses the features of the both NOMA and OFDM technologies. In LDS-

OFDM technology, every symbol of frequency is spread poorly over the chips in frequency domain which results in decreasing the 
total number of users interfering on single chip than the total number of users available [6]. Because of this sparsity infrastructure of 
LDS-OFDM, an algorithm namely Message Passing Algorithm (MPA) can be used to estimate an ideal Multiuser detection (MUD) 
[7]. Another method namely sparse code multiple access (SCMA) was proposed recently that uses MPA and has the same 
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infrastructure as LDS-OFDM [8]. SCMA is basically a codebook that’s based on the NOMA scheme in which the frequency band 
along with the huge number SCMA levels is used. The various detection algorithms are examined to enable the mass connectivity [9]. 
The SCMA schemes provide are energy efficient which is an essential feature in 5G wireless communication systems. Besides this the 
complexity in SCMA systems are less and that’s the reason these systems are gaining much attention in recent years [10]. SCMA 
being a multi-carrier scheme is usually merged with OFDM often called as SCMA-OFDM so that the advantages of both SCMA and 
OFDM can further be exploited [11]. However, SCMA-OFDM signals have the same drawback as in OFDM signals i.e., both systems 
produce extremely high peak-to-average power ratio due to which the transmitter high-power amplifier (HPA) operates at saturation 
producing in-band and out-band distortion which in turn degrades BER performance and disrupts other channels respectively [12]. 
The PAPR of SCMA-OFDM system should be reduced as it is not possible for mobile terminals to use linear dynamic range of HPA 
[13]. PAPR can be mathematically defined as the ratio of maximum instantaneous power to average power and is expressed as 

 

PAPR(x[n]) = ---------------(1) 

PAPR(x[n]) = max
| [ ]|

[| [ ]|]
, 0 ≤ n ≤ N − 1----(2) 

 
Where in eq 1, Ppeak and Paverage represent the peak and average power and in eq 2, the square brackets [] represent the 

expectation operator. The ability of the PAPR reduction is calculated by empirical complementary cumulative distributive function 
(CCDF) that represents the possibility of the PAPR above particular threshold [14]. 
 
PAPR reduction techniques 

PAPR reduction techniques can be broadly classified into two categories, one is distortion-based technique and the second is 
multiple signaling and probabilistic based techniques [15]. In distortion-based techniques, distort signals are clipped by blocking any 
signal whose power peak is higher than a certain threshold. whereas, in case of multiple signaling and probabilistic based techniques, 
for each OFDM symbol a set of candidate signals are generated and only those signals are transmitted which possess least PAPR value 
[16]. Various PAPR reduction methods are proposed but among all Clipping is considered as the simple and efficient method to 
reduce the PAPR [17] 
 
Related Work 
 Significant studies have been proposed, and this section presents the works done in this field. Lin Yang, et al. [18], proposed 
a new clipping noise aided MPA approach i.e., CNA-MPA, was proposed that considers Additive White Gaussian Noise (AWGN) as 
well as clipping noise to decode precisely. The results of simulation represented that clipping noise scrutiny was precise and presented 
CNA-MPA approach consisting AWGN as well as clipping noise was capable of handling performance degradation phenomenon that 
take place in C-MPA approach at high Eb/N0 system. A. S. Rajasekaran, et al. [19] emphasized some new aspects of SCMA-OFDM 
system PAPR statistics that vary from the broad range of PAPR literature available in the sense of conventional OFDM systems. The 
modulation technique and scheme for allocating SCs are static configuration options, which allow SCMA-OFDM systems with static 
parameters to reduce PAPR opportunities. These gains have no computational overhead in contrast to the category of PAPR 
reductions in OFDM study, which depend on multiple signaling and predictive approaches. The author in presented paper discussed 
these PAPR approaches for reduction and their application to SCMA-OFDM systems. K. Sahu and K. T. Veeramanju [20], 
suggested iterative clipping and filters including a coevolutionary code which clipped OFDM amplitude, reducing the PAPR with no 
noticeable deterioration in the BER. The decrease of the amplitude shift cause degradation of the OFDM signal by clipping. This 
distortion creates higher BER at the receiver end. By using coevolutionary code, this Performance of BER was further enhanced. The 
result from MATLAB coding illustrated that the CCDF (Complementary Cumulative Distribution Function) was dramatically 
decreased and the PAPR was minimized. Y. Wang and Z. Luo [21], used convex optimization methods to create the optimal ICF 
method, which determines the optimum frequency reaction filter for each ICF iteration. The optimum filter design reduces the signal 
distortion to a minimum and ensures that the PAPR of the OFDM symbol is below the set value. The outcomes of simulation 
demonstrate that proposed technique can decrease PAPR to an acceptable level by only 1 or 2 iterations and attain a sharp decrease in 
the CCDF curve, compared to classic methods of ICF, requiring 8 to 16 Iterations to obtain a comparable decrease in PAPR. 
Furthermore, presented optimized ICF method gives the cut OFDM symbols less distortion and radiations of off-band than the current 
one. L. Yang, et al. [22], utilized clipping technique for minimizing PAPR. the author scrutinized the arbitrary features of clipping 
noise for the MPA detection technique. After that, the iterative clipping noise eradication approach was introduced for restoring the 
clipped SCMA-OFDM system’s BER performance. The results of simulation represented that proposed approach was capable of 
eradicating phenomenon that BER performance degrades at high E b /N 0 area and the presented iterative clipping noise eradication 
approach efficiently restores the BER performance. 
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Proposed Work 
 Recently, in [1], authors used clipping noise aided message passing algorithm to reduce the PAPR. Although this method is 
effective in terms of reducing clipping noise and additive white Gaussian noise (AWGN). But it does not meet the user requirements. 
Thus, to effectively communicate data in OFDM systems, PAPR must be reduced and bit error rate must be high. In order to 
encounter these issues, SCMA a novel technique is designed which is specifically designed to plummet extremely high PAPR.  After 
analyzing the problems of existing work following approach is designed:  
 
 In the novel model, Peak insertion technique is introduced. This technique basically depends upon the dual property of the DFT 

and PAPR. It is used to decrease the PAPR as a peak which has relatively higher value is interleaved into the frequency domain of 
OFDM system which leads to the PAPR reduction f transmitted signal. Thus, this method is implemented in the novel work. 

 
Peak Insertion (PI) technique 
 No side-informational transmission, search, optimization, and iterative or analogous use of IDFT is required for the PI 
technique. In comparison with other related techniques, the PI is quicker, simpler and more effective in achieving a greater PAPR 
reduction, which results in increased transmitted power and thus does seem to be ideal for reducing OFDM signals PAPR. 
 

The PI technique is based on the DFT dualistic property and on its assumption that the signal PAPR in one domain (time or 
frequency) is inversely proportional to the PAPR of the same signal in another domain. Through PI technology, a single reasonably 
high peak is simply placed in the frequency domain of the OFDM symbol in order to increase its PAPR and raising its PAPR within 
the time domain. Perhaps this is similar to the TI and ACE techniques, but the PI technique uses just a single tone instead of several 
PRCs and without PAPR variations, the frequency of the applied peak is calculated. The suggested method is therefore simpler, 
quicker and the consequences of the inserted peak are much easier to monitor on PAPR and other device parameters. 
 
 In addition to many PRCs, such as in TI and ACE, PI technique only requires a single tone on which the peak is inserted. 
This results in a simpler and more easily managed system, especially for many subcarriers, with a minor loss of data quality. Because 
subcarriers are orthogonal, however, the inserted peak does not distort the subcarriers. The PI solution is N-independent and has a 
considerably lower complexity than any other PAPR reduction scheme. That means no iterations for PAPR optimization, no search, 
no search tables and no parallel IDFT application are needed in PI. 
 
 Therefore, unlike various iterative techniques such as coding, PAPR reduction of PI is quick and assured. In PI, the PAPR 
and its power are directly connected to a single parameter, which, in contrast to iterative methods in which the transferred signal 
energy cannot be expected precisely unless a PPR optimisation has been completed, can easily be set to a value appropriate for a 
specific application. Nonetheless, all of the above advantages of PI come at the cost of improved signal strength, a common problem 
for TI and ACE. In other words, decreasing the power will increase the BER in general. For the case of PI however, there is no impact 
on the decrease in PAPR between transmitted signal power and BER efficiency. 
 

Thus, PI has (but is not restricted to) the following benefits over other PAPR reduction approaches:  
o The PI technology reserves the single tone to insert the peak which makes the device easier and quicker to control, especially 

for large numbers of sub-carriers, with negligible loss of the data rate without distortion to the sub-carriers of the data-bearing. 
o The PI technique's complexity is considerably lower than any other PAPR reductions method. In other words, no PAPR 

optimization methods, neither sorting, nor sorting tables nor IDFT application is used in PIs either iteratively or parallel. 
o In PI, PAPR is directly related to the single parameter of the transmitted signal with its power that can easily be set to an 

acceptable value for a particular application. 
 

             Also, as in traditional work, clipping process generates distortion in the signal which affects the efficiency of the OFDM 
systems. Thus, filtration process is performed in the novel work. Butterworth filter which is also known as low pass filter is 
incorporated in the process in order to reduce the signal distortion.  This filter enables the system to give low frequency response due 
to its various features such as: it produces linear phase response and also offer better performance in group delay. 
 
Filtration 
 A device that passes elements of signals frequency content and suppresses others is named a filter. A filter might be a circuit 
that allows a particular band to pass through and attenuate the signal outside the band. A filter is widely used, involving 
telecommunications, military, medical, electricity, etc. within the fashionable communication system, a filter is one of the most 
commonly used signals process technology, and digital filters are in some ways healthier than analog filters. 
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Filters play a crucial role in extracting meaningful information from the signal Filters are often classified into totally different groups 
based on the necessity. Infinite impulse response (IIR) and Finite impulse response (FIR) filters are used. We all know that the ideal 
filter cannot use of the practical purpose, therefore, the approximation design needed. There are four kinds of approximation design of 
filters are used like High pass filter (HPF), Low pass filter (LPF), Notch or Band-stop filter, Band-pass filter. 
 
Butterworth Filter 
 The filter that is flat in the pass-band can be called the Butterworth filter and often called a filter of the highest flat 
magnitude. Various filters such as Butterworth's low-pass filter and Butterworth 's digital movie are available. The filters are used in 
communication systems or control systems to shape the frequency spectrum of the signal. Following equation indicates cutoff 
frequency used for hs filter: 
 

f =
 
-------(3) 

 
Methodology 
 The methodology of the proposed work is represented in the form of flow chart illustrated in figure 2 below: 

Step 1. In the initial phase, the signal is generated randomly in the network and given as input to the system. 
Step 2. After generation of the signal, SCMA encoding is performed which directly encodes the binary data streams to 
multi-dimensional codewords. By directly encoding the binary data to multi-dimensional codewords, the SCMA encoding 
described circumvent QAM symbol mapping, thereby achieving coding gains over conventional CDMA encoding. 

 
After performing SCMA encoding, the serial to parallel conversion of signal is performed which converts this serial data to the 

parallel form, so that IFFT can be implemented on the parallel signals. 
 

                                                        
Fig 2: Flowchart of proposed work 

 
Step 3. On the parallel signals which are generated in previous section, IFFT operation is implemented to convert the 

frequency domain into time domain. The frequency domain is converted into time domain because in time domain the noise 
effect is diminished that helps to achieve a better performance 

Step 4. After this, on the attained signal, peak insertion technique is applied to decrease the PAPR as a peak which has 
relatively higher value is interleaved into the frequency domain of the system which leads to the PAPR reduction of transmitted 
signal. 

Step 5. Now, during this process, the noise can get added in the signal that can degrade the system performance, thus, 
filtering is used for the elimination of noise from the signal. For filtration, butter-worth filter is used in the proposed work that 
shapes the frequency spectrum of the signal. 
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Finally, the PAPR value is calculated after performing the above operations and reduced PAPR value is received by which the 
performance and efficiency of SCMA-OFDM system gets enhanced. 

 
Results and Discussion 
 As stated in the proposed work section of previous chapter, the novel approach is introduced in this work in which the peak 
insertion technique and butter worth filtration techniques are applied in order to reduced PAPR and signal distortion in the system. 
Now, the performance of this proposed approach is analyzed by the simulation carried out in MATLAB environment. The results of 
the performed simulation are represented and discussed in this section.   
 

The performance of the proposed approach is analyzed in terms of BER (Bit error Rate) and PAPR (Peak-to-Average Power 
Ratio):   

 BER: Bit Error Ratio is used to define data channels as a significant parameter. The key parameter is how many errors in data 
appears at the remote end when transmitting data from one point to another via a radio / wireless link, or via a wired 
communications link. BER in the transmission system is known as the rate of error. This can be translated directly into the 
number of errors in a specified number of bits string. 
 

BER =
 

   
---------(4) 

 
 PAPR: It is the ratio of maximum power to the mean signal power. The units of dB are expressed. 

PAPR arises if the different sub-carriers are out of step with each other in a multi-carrier network. They are different at each 
moment at various step values in relation to each other. When all points reach the maximum value at once, then the output 
envelope will shoot suddenly, causing a "peak" in the output envelope. And obtained results in terms of these parameters are 
shown as below: 
 

 Now, the proposed approach is compared with non-clipped codebook in terms of BER. The graph shown in figure 3 
illustrates these comparative analysis results. In the graph, the value of BER and SNR are shown along y-axis and x-axis, respectively. 
On analyzing the graph, it is observed that performance of non-clipped codebook deteriorates more as compared to proposed approach 
with increase in SNR. There is a great different between BER values of both the approaches and this difference demonstrates the 
efficacy of the proposed approach over non-clipped codebook.  
 
 The performance of the SCMA-OFDM signals and SCMA-OFDM signals with proposed approach is analyzed in terms of 
their PAPR distribution value, and the obtained results are delineated graphically in figure 4. It is clearly observable from this graph 
that there is a great different between the PAPR values of the SCMA-OFDM and proposed method. For SCMA-OFDM system, the 
PAPR is unbearably high ranging between 7dB and 12dB; however, this high PAPR value is reduced with the proposed method in 
which the range of PAPR value became 3dB to 5 dB. Thus, these results signify that PAPR can be reduced to high extent with the help 
of proposed method. 

 
Fig.3: Comparison in terms of BER 
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Fig 4: PAPR value of SCMA-OFDM and proposed SCMA-OFDM 

 
 Now, the comparative analysis is performed between proposed approach and conventional approaches i.e., SCMA-OFDM, 
Clipped 4L-QAM and clipped codebook with respect to PAPR and the obtained are represented in graph of figure 5. 
 

 
Fig 5: Comparative analysis in terms of PAPR value 

 
In the graph, the results of different approaches are represented by the different colored lines such as blue, pink, red and black 

for SCMA-OFDM, clipped 4LQAM, clipped codebook and proposed SCMA-OFDM, respectively. The PAPR values attained for all 
different approaches indicates that value of PAPR is extremely high with SCMA-OFDM followed by clipped codebook and then 
clipped 4LQAM; however, the lowest value of PAPR is attained with the help of proposed SCMA-OFDM approach. Thus, it is 
demonstrated by these obtained results that value of PAPR is reduced greatly with the help of proposed approach. 

 
Therefore, all the results represented in this chapter implies that proposed approach is the most efficient technique as 

compared to all other approaches as it has lowest PAPR and enhanced BER. 
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Conclusion 
 The upcoming 5G wireless communication generation have a massive connectivity and to meet its key requirements SCMA-
OFDM technique is considered as an attractive candidate that inherits the advantages of both SCMA and OFDM. However, this 
SCMA-OFDM system constitutes of high PAPR value that consequently degrades the performance of the system with respect to BER. 
In order to cope with this issue, various previous works has been proposed, however, they lack in various aspects.  Therefore, a novel 
technique is proposed in this work to resolve the issue of high PAPR in SCMA-OFDM system. In the proposed approach, the peak 
insertion technique is implemented to reduce the effect of PAPR. Along with that, the Butterworth filter is used to reduce the signal 
distortion. The performance efficiency of the proposed work is then analyzed by performing the simulation in the MATLAB 
environment. The performance evaluation is performed in terms of BER and PAPR. Also, the comparative analysis is performed 
among proposed approach and traditional approaches i.e., SCMA-OFDM, clipped 4LQAM and clipped codebook. And from the 
obtained results of the simulation, it is clearly demonstrated that the performance of the proposed approach is much efficient than all 
other previous techniques as it has low PAPR and enhanced BER performance. Therefore, this implies that proposed approach helps 
to achieve an efficient and reliable system. 
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