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Abstract: 

 Now a day there is a rapid growth in the field of communication and the requirement of high speed & secured data transmission is 

increased. Multicarrier technique Orthogonal frequency division multiplexing (OFDM) modulat ion technique is a newly technique  of 

which support high speed data transmission. Peak to average power ratio (PAPR) is one major drawb ack in OFDM systems. A large 

PAPR would drive Power amplifier at the transmitter into saturation, producing interference among the subcarriers that degrad es the 

BER performance and corrupts the spectrum of the signal. The PAPR for the continuous -time signal x(t) is the ratio of the maximum 

instantaneous power to the average power.  The research work describes the hybrid i.e. the combination of clipping & SLM techniques 

for the reduction of PAPR in OFDM communication systems. Clipping is one of the simplest techniques, but this method introduces 

distortion to the transmitted signal due to the clipping of signal itself and Selective Mapping (SLM) is the distortionless method for 

PAPR reduction. In the method of clipping the high peaks of the OFDM signal prior t o passing it through the power amplifier. This  

method employs a clipper that limits the signal envelope to a predetermined clipping level (CL) of 0.05, if the signal exceeds that 

level otherwise, the clipper passes the signal without change and the Selective mapping (SLM) is a relatively simple approach to 

reduce PAPR. The basic idea is to generate a set of sufficient different OFDM symbols x(m), 0 ≤ m ≤ M −1, each of length N, all 

representing the same information as the original OFDM symbol x, then transmit the one with the least PAPR.  Moreover, the thesis 

demonstrates the combination of two techniques i.e. clipping & SLM named as hybrid technique for the further reduction of PAP R. 

Moreover, the performance is estimated in terms of bit error rate (BER) & simulated results shows that the present work is better i.e. 

low b it error rate as compared to clipping 

 

Index Terms:  OFDM, PAPR, clipping and filtering, neural networks , SLM 

 

I. INTRODUCTION 

There are many desirable properties such as high spectral 

efficiency, simple channel estimation, and robustness against 

multipath fading, orthogonal frequency division multip lexing 

(OFDM) has been a key transmission technique in broadband 

wireless networks [1]. However, a major drawback of the 

OFDM is that a high peak-to-average power ratio (PAPR) is 

caused by a large number of subcarriers.  The major problem 

one faces while implementing OFDM system is the high peak-

to-average power ratio of this system. A large PAPR increases 

the complexity of the analog-to-digital and digital-to-analog 

converter and reduces the efficiency of the radio-frequency 

(RF) power amplifier [8], which may severely impair system 

performance due to non-linear distortion and detection 

efficiency degradation [1]. To mitigate the occurrence of 

OFDM signals with large peak power, various PAPR reduction 

methods have been proposed in the literature including clipping 

and filtering (CF) technique [1]–[3]. The main advantage of CF 

is the low complexity algorithm involving time domain  

clipping of the peak OFDM signals and frequency domain  

filtering of out of- band radiat ion. However, the filtering 

operation result in regrowth of peak power and requires 

iterative processing as proposed in iterative clipping and 

filtering (ICF) algorithm [4]. Unfortunately, ICF requires a 

large number of iterat ive processing involving complex fast 

Fourier transform (FFT). In recent years, artificial neural 

network (NN) technique has been successfully applied in 

various communications signal processing areas due to the 

good generalization properties, including PAPR reduction of 

OFDM signals [7], [8]. SLM is a probabilistic method where 

input data sequences are multiplied by each of the phase 

sequences to generate alternative input symbol sequences. Each 

of these alternative input data sequences is made the IFFT 

operation, and then the one with the lowest PAPR is selected 

for transmission [8]. In this letter, we propose a new hybrid 

method for PAPR reduction of OFDM signals based on 

combination of clipping & SLM. At present, various PAPR 

reduction methods have been proposed in literature including 

clipping and filtering, selective mapping, partial transmit  

sequence, coding techniques etc. In order to utilize the technical 

features of the OFDM, it has been necessary to research on the 

characteristics of the PAPR, including its distribution and 

reduction. The simplest PAPR-reduction scheme among these 

techniques is clipping in which OFDM signals are directly clips 

to a predefined threshold. As clipping can degrade the BER 

performance it can be combined with SLM to improve BER 

and PAPR both. In this paper a comparison is made among 

Clipping, clipping using neural network and combination of 

clipping and SLM. Simulation results show that PAPR and 

BER both are improved for combination as compared to 

clipping and SLM. 

 

II. OFDM S YSTEM MODEL  

Let a b lock of N symbols X={X
k 

, k=0,1,2,...N-1} is formed  

with each symbol modulating one of a set of subcarriers {f
k 

, 

k=0,1,2,...N-1} where N is the number o f subcarriers. The N 

are chosen to be orthogonal, that is, f
k
= k Δf, where Δf =1/NT 

and T is the original symbol period. Therefore, the complex 

envelope of the transmitted OFDM symbol signals can be 

written as:  

                 ( ) = 
 

  
            

   0 ≤     ≤ T 

where, j=√(-1)  ,  
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The equation (1) defines the OFDM signal x(t) where N 

subcarriers are added together. If N is large enough, then, based 

on central-limit theorem (CLT), the resulting signal x(t) will be 

close to a complex Gaussian process. This means that both of 

its real and imaginary parts are Gaussian distributed and its 

envelope and power follows Rayleigh and exponential 

distributions respectively. 

 

III. Overview of  peak to average power ratio 

A major d isadvantage that arises in mult icarrier systems like 

OFDM is the resulting non-constant envelope with high 

peaks[2]. When the independently modulated subcarriers are 

added coherently, the instantaneous power will be more than 

the average power. High PAPR degrades performance of 

OFDM signals by forcing the analog amplifier to work in the 

nonlinear region, d istorting this way the signal and making the 

amplifier to consume more power [4]. The PAPR for the 

continuous-time signal x(t) is the ratio of the maximum 

instantaneous power to the average power. For the discrete-time 

version x[n], PAPR is expressed as [2], 

         

        PAPR(x[n]) =           

       

        
 

 

Where, E[.] is the expectation operator .It is worth mentioning 

here that PAPR is evaluated per OFDM symbol. The 

performance of a PAPR reduction scheme is usually 

demonstrated by three main factors: the complementary 

cumulat ive distributive function (CCDF), bit error rate (BER), 

and spectral spreading. While CCDF is independent of the 

characteristics of the PA used at the transmitter, the other two 

factors are considerably affected. There are also other factors to 

be considered such as transmitted signal power, computational 

complexity, and bandwidth expansion and data rate loss. 

IV. PAPR REDUCTION TECHNIQUES  

A large PAPR would drive PAs at the transmitter into 

saturation, producing interference among the subcarriers that 

de-grades the BER performance and corrupts the spectrum of 

the signal. To avoid driving the PA into saturation, the PAPR 

should be reduced and it is preferable to solve the problem of 

high PAPR by reducing the peak power of the signal [2]. PAPR 

reduction techniques are broadly classified into two categories - 

Signal Scrambling Techniques and Signal Distortion 

Techniques. Signal scrambling techniques scramble the input 

data sequence using a number of specialized scrambling 

sequences and the sequence which produces the lowest PAPR 

is used for transmission. Signal distortion techniques reduce the 

PAPR by distorting the transmitted OFDM signal before 

passing it through the PA. These techniques causes both in-

band and out-of-band distortion which leads to increase in BER 

[11]. Fig.1 shows the classification of PAPR reduction 

techniques. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                     

         
 
 
 
 
 
 
 
 
 
 
 
                                    Fig.1. Classificat ion of PAPR reduction techniques 
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Clipping and Filtering  

One of the simplest approaches to reduce the PAPR of OFDM 

symbols is to clip the parts of the signals that are out-siding the 

allowed region. A limiter is employed to clip the signal 

envelope to a predefined threshold level if the signal exceeds 

that level; otherwise, the limiter passes the signal without 

change [2,3]. The clipping function F(x[n]) is defined as:      

     

     Y[n] =       -CL  ,         if x[n]   < -CL 

                       X[n] ,       if –CL ≤x[n]≤ CL 

                       CL   ,           if x[n] > CL 

Where, x[n] is the OFDM signal, CLis the clipping level.  

Clipping is a nonlinear process that leads to both in-band and 

out-of-band distortions [4]. While the latter one causes spectral 

spreading and can be eliminated by filtering the signal after 

clipping, the former can degrade the BER performance and 

cannot be reduced by filtering [5]. However, oversampling by 

taking longer IFFT can reduce the in-band distortion effect as 

portion of the noise is reshaped outside of the signal band that 

can be removed later by filtering. Filtering the clipped OFDM 

signal can preserve the spectral efficiency by eliminating the 

out of band distortion and, hence, improving the BER 

performance but it can lead to peak power regrowth. The 

simulations are conducted for the OFDM signal without 

clipping and when clipping and filtering is used with a lipping 

ratio(CR) of 1dB, 5dB and 7dB.For the simulat ion, parameters 

used are given in the table1. The CR is related to the clipping 

level by the expression [2],  

                    

CR = 20     
  

       
 

Where E[x(n)] is the average of OFDM signal x[n].  

 

Selective Mapping: 

Selective mapping (SLM) is a relat ively simple approach to 

reduce PAPR. The basic idea is to generate a set of sufficient 

different OFDM symbols x(m), 0 ≤ m ≤ M −1, each of length 

N, all representing the same information as the original OFDM 

symbol x, then transmit the one with the least PAPR [8]. 

Mathematically, the transmitted OFDM symbol ˜x is 

represented as 

     

   ˜x = argmin      [PAPR  (x(m) )]          

                             0≤m≤M−1 

The OFDM symbols set can be generated by multip lying the 

original data block X = [X1 X2 . . . XN], element by element, by 

M different phase sequences pm, each of length N, prior to 

performing IDFT. These phase sequences are represented as:  

 

pm= [                         , 0 ≤ m ≤ M − 1, 

 

where ϕm, k takes values between 0 and 2π, excluding 2π, 

         Then the modified OFDM symbol x(m), 0 ≤ m ≤ M −  1, is 

the IDFT of the element-by-element multip licat ion of X and pm 

:  

x(m)= IDFT [X1        X2       …….. XN        
 

If QAM symbols are used as input to the OFDM system, 

this mult iplication has the effect of rotating data symbols within  

the QAM constellation. A block diagram of the SLM technique 

is depicted in Fig. For implementation simplicity, the phase 

sequences pm can be set to {±1,±j} as these values can be 

implemented without multip lication. The extent of PAPR 

reduction achieved depends on the number of generated phase 

sequences M and the design of these sequences. Informat ion 

about the selected phase sequence should be transmitted to the 

receiver as side information to allow the recovery of orig inal 

symbol sequence at the receiver, which reduces the data 

transmission rate. SLM needs to transmit [log2M] bits as side 

informat ion, where [y ]denotes the smallest integer that does 

not exceed y, and M IDFT operations for each data block. 

 

V. Simulation Results & Discussion 

In the present work, to achieve a better PAPR performance, we 

present the clipping scheme clips out the peak of the 

transmitted signals larger than the threshold value of 0.05 level 

which reduce the PAPR. Though, clipping degrades BER 

performance of the system as the transmit signals are heavily  

distorted is realized by designing scheme is followed by the 

SLM method to further improve the PAPR performance, we 

combine the conventional selective mapping (SLM) with the 

clipping technique. As SLM improves PAPR and control BER, 

the present joint technique may also improve the PAPR rely ing 

on the SLM based modified signal, thus further improving the 

PAPR reduction which gives a better PAPR performance.          

Hence, the proposed scheme can provide more PAPR reduction 

without degradation of the BER performance. Simulat ion 

model of combination of Clipping and SLM is shown in Fig.2 
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   Fig.2 Clipping with SLM hybrid technique 
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Table 4.1 Simulation parameters  

Parameters Value 

Size of FFT 128, 256, 512, 1024 

Modulation Scheme QPSK & 16QAM 

Number of symbols 4, 8, 16 

Phase Values 1,-1,j,-j 

 

 
Fig :(3) CCDF comparison of original OFDM, clipping using 

NN tool and hybrid scheme (clip & SLM) with N =128 and 

QPSK modulation 

 
Fig :(4) CCDF comparison of original OFDM, clipping using 

NN tool and hybrid scheme (clip & SLM) with N =256 and 

QPSK modulation. 

 
 Fig.(5) CCDF comparison of original OFDM, clipping using 

NN tool and hybrid scheme (clip & SLM) with N =512and 

QPSK modulation 

 

 

 
   Fig : (6) CCDF comparison of original OFDM, clipping using 

NN tool and hybrid scheme (clip & SLM) with N =1024 and 

QPSK modulation 

0 2 4 6 8 10 12 14 16 18 20

10
-1

10
0

papr, x dB

c
c
d
f=

p
r(

p
a
p
r>

p
a
p
r0

)

CCDF comparison of original, Clipping,clipping using nn tool and the 

proposed hybrid method with N =128 and QPSK modulation.              

 

 

ORIGINAL

NN CLIP

HYBRID(CLIP&SLM)

CLIPPING

0 2 4 6 8 10 12 14 16 18 20

10
-1

10
0

papr...., x dB

c
c
d
f=

p
r(

p
a
p
r>

p
a
p
r0

)

CCDF comparison of original, Clipping,clipping using nn tool and the 

proposed hybrid method with N =256 and QPSK modulation.              

 

 

ORIGINAL

NN CLIP

HYBRID(CLIP&SLM)

CLIPPING

0 2 4 6 8 10 12 14 16 18 20

10
-1

10
0

papr, x dB

c
c
d
f=

p
r(

p
a
p
r>

p
a
p
r0

)

CCDF comparison of original,clipping,clipping using NN tool and the 

proposed hynrid method with N =512 and QPSK modulation.             

 

 

ORIGINAL

NN CLIP

HYBRID(CLIP&SLM)

CLIPPING

0 2 4 6 8 10 12 14 16 18 20

10
-1

10
0

papr, x dB

c
c
d
f=

p
r(

p
a
p
r>

p
a
p
r0

)

CCDF comparison of original, Clipping,clipping using nn tool and the 

proposed hybrid method with N =1024 and QPSK modulation.             

 

 

ORIGINAL

NN CLIP

HYBRID(CLIP&SLM)

CLIPPING



International Journal of Engineering Science  and Computing, October 2016           2688                                                             http://ijesc.org/ 

 
Fig.(7) CCDF comparison of clipping, clipping using NN tool 

and hybrid scheme(clip & SLM) with N =1024 and QPSK 

modulation  

 

 
Fig : (8) CCDF comparison of original OFDM and hybrid 

scheme(clip & SLM) with N = 1024 and QPSK modulation  

 
           Fig.(9) CCDF comparison of original OFDM, clipping 

using NN tool and hybrid scheme (clip & SLM) with N =1024 

and QAM modulation  
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clipping & SLM. Fig. compares the BER performance of the 

proposed technique over an additive white Gaussian noise 

(AWGN) channel with QPSK modulat ion. But there is no so 

much reduction of PAPR in 16QAM it decline approx 4.5db of 

original signal. 

 

VI. CONCLUS ION 

OFDM is a very attractive technique for multicarrier 

transmission and has become one of the promissiory technique 

for high speed data transmission over a communication 

channel. PAPR reduction task in OFDM systems has become a 

challenging task, and various techniques have been suggested 

in the previous work to achieve this task. The thesis 

investigates the PAPR reduction scheme using the hybrid 

technique i.e. the combination of clipping & SLM. Simulat ion 

results shows that the hybrid technique improves the PAPR 

performance compared to the traditional clipping approach.                 

The hybrid technique gives PAPR reduction of about 6.1dB at 

CCDF of      while the PAPR reduction using clipping 

individually is 10.97db at  CCDF of     while SLM has PAPR 

reduction is 7.85db at CCDF of     .  Moreover, the 

performance is evaluated in terms of bit error rate (BER) us ing 

QPSK modulation. A simulat ion result shows the improvement 

in PAPR and BER performance.  
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