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ABSTRACT 
Orthogonal Frequency Division Multiplexing is a widely accepted technology in wireless communication. High 

peak-to-average power ratio is the main disadvantage in OFDM systems. Selected Mapping is an efficient 

technique to reduce PAPR. But it requires transmission of side information for the recovery of data. And this 

affects the bandwidth efficiency and data rate of OFDM systems. The Linear Feedback Shift Register based 

Selected Mapping technique finds solution for this limitation. The LFSR based SLM technique does not require 

the explicit transmission of side information. And the LFSR based SLM with clipping results in further 

reduction in PAPR. 
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I. INTRODUCTION 
Orthogonal Frequency Division 

Multiplexing is an efficient technology in wireless 

communication [1]. OFDM is a multicarrier 

modulation technique [2]. In the case of single carrier 

modulation schemes the symbol duration gets 

reduced as the data rate of communication increases. 

And the small symbol duration results in serious inter 

symbol interference. 

In OFDM the high data rate streams are 

divided into several slow data rate streams. This 

results in large symbol duration and high data rate. 

And thus inter symbol interference can be avoided 

[3]. And all the streams are send parallel to achieve 

the same speed of transmission. Each subcarrier in 

OFDM system is orthogonal to each other. 

Orthogonality requires subcarrier spacing between 

each subcarrier. If there are thousand subcarriers in a 

system and subcarrier spacing is 1 kHz, then the band 

width requirement of the system is 1MHz. 

OFDM signal has wide range of amplitude. 

This is the cause of high peak-to-average power ratio. 

Non linear high power amplifiers are used in 

communication systems for high power efficiency. 

But in the case of OFDM systems we cannot go for 

non linear high power amplifier [4]. The use of non 

linear HPA results in adjacent channel interference 

and in-band distortion. The high PAPR demands 

linear high power amplifier with wide amplitude 

range. But this requires high implementation cost. 

And linear high power amplifiers have low efficiency  

 

 

in amplification. The efficiency of an amplifier is 

very important in a communication system, since it  

decides even the range of communication.  

The solution to these problems is the 

reduction of high peak-to average power ratio in 

OFDM signal. There are many techniques introduced 

for the reduction of PAPR in OFDM system [5]. 

Selected Mapping is one of the efficient 

techniques for the reduction of PAPR. In SLM 

several numbers of signals which carry same 

information are generated and from these signals the 

signal with minimum PAPR is selected for 

transmission.  

But Selected Mapping technique reduces 

band width efficiency since it requires the 

transmission of side information. The Linear 

Feedback Shift Register based selected Mapping 

technique overcomes this problem. This is achieved 

by utilizing the properties of the sequence generated 

from LFSR circuit. The sequences generated from 

LFSR circuits are called m-Sequence. These are 

pseudo random sequences. The design of each Linear 

Feedback Shift Register depends on a generator 

polynomial. 

 

II. PEAK-TO-AVERAGE POWER RATIO 
Peak-to-Average Power Ratio is the ratio of 

instantaneous value of peak power to average power. 

The high PAPR is the major disadvantage of 

orthogonal frequency Division Multiplexing [6]. 

OFDM signal has wide amplitude range and these  
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results in high peak-to-average power ratio. The high 

PAPR forces the High Power Amplifier to work in 

linear region of operation. Usually in communication 

systems non linear HPAs are used.  

The efficiency of linear high power 

amplifier is very low. OFDM requires linear high 

power amplifier with large dynamic range. The cost 

of implementation of such high power amplifier is 

very high.  

 

III. PAPR REDUCTION TECHNIQUES 
There are many PAPR reduction techniques 

in the case of Orthogonal Frequency Division 

Multiplexing. Clipping, Selected Mapping, Partial 

Transmit Sequence, Coding Scheme and Non-linear 

Companding are the commonly known PAPR 

reduction techniques. 

 

A. Clipping 

Clipping is the simplest method for PAPR 

reduction in OFDM systems [7]. In clipping the 

amplitude of signal above a particular threshold value 

is clipped [8]. And the signals with amplitude below 

the threshold value remain as same. 

Clipping introduces in-band distortion and 

out-of band radiation. The out-of band radiation can 

be avoided by filtering after clipping [9]. The 

clipping is performed in the transmitter side. To 

recover the clipped data the receiver side must know 

the amount of clipping and position of clipping. But 

getting these information are very difficult. 

 

B. Selected Mapping 

The main idea in Selected Mapping is the 

formation of several sequences which carry the same 

information. This can be achieved by multiplying the 

data block with number phase sequences. The PAPR 

value of each signal is calculated. And then the signal 

with minimum peak-to-average power ratio is 

selected for transmission. 

 

C. Partial Transmit Sequence Technique 

The Partial Transmit Sequence is a signal 

scrambling technique. In PTS approach the input data 

block X is partitioned into K disjoints sub blocks  

[10]. These sub blocks are then transformed into K   

time   domain Partial Transmit Sequences. This 

transformation can be achieved with the help of 

Inverse Fast Fourier Transform. 

The generated partial sequences are then 

independently rotated by phase factors. Then the K 

sub blocks are optimally combined to obtain the time 

domain OFDM signals with the lowest PAPR. The 

optimization techniques can be used for reducing the 

complexity of the technique. Particle Swarm 

Optimization is the commonly adopted optimization 

technique. 

 

D. Coding Scheme 

If N signals are added in phase, they 

produce high peak power which is N times the 

average power. This is the reason of high PAPR. The 

main idea behind coding scheme is to reduce the 

occurrence probability of same phase signals. The 

major disadvantage of coding scheme is that the 

better performance of PAPR reduction is achieved 

only at the cost of coding rate loses. 

 

E. Non-linear Companding Transform 

Nonlinear Companding Transforms enlarge 

the small signals and compress the large signals to 

increase the immunity of small signals from the 

noise. The first nonlinear companding transform is 

the µ-law companding [11]. 

And it gives better performance than the 

clipping method. µ -law mainly focuses on enlarging 

signals with small amplitude and keeping peak 

signals unchanged. NCT may lead to significant 

distortion and performance loss due to companding 

noise.  

 

IV. LINEAR FEEDBACK SHIFT 

REGISTER CIRCUIT 
The linear feedback shift register (LFSR) 

circuit is used to generate the maximum length shift 

register Sequences (m-Sequences) [14]. The m-

Sequences are pseudo random sequences. Figure 1 

shows the LFSR circuit. An LFSR circuit with m-

stages can generate a sequence of period. Each LFSR 

circuit is associated with a generator polynomial [12].  
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Fig. 1: Linear Feedback Shift Register Circuit 
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Consider the general form of generator polynomial 

as, g(α) =  gmα
m
+gm-1α

m-1
+…..g1α+g0                            (1) 

Each of the m-stages contains 0 or 1, so 

there are 2
m
 possible states are present. Output 

sequence will be all zero when all zero state happens. 

So by removing that state the maximum possible 

period is  2
m 

-1. The properties of m-sequences are, 

The Window Property: By sliding a window 

of width m along an m-sequence, the number of 2
m

-1 

fold windows are extracted, each of which is seen 

exactly once. 

The Run Property: In the m-sequence, a run 

of 1s of length m happens exactly once. A run is 

defined as a sequence of all 1s or a sequence of all 0s. 

Z-locations: Each m-sequence includes 2
m-1

-1 0s. If 

the position of run of 1s of length m becomes 

distinguished, the locations of 2
m-1

-1 0s will be 

specified. 

 

V. SELECTED MAPPING 
Selected Mapping (SLM) is an efficient 

method for peak-to-average power ratio reduction in 

OFDM systems. In SLM technique the data sequence 

is multiplied with each phase sequences generated 

[13]. And thus sequences which carry same 

information are formed. From these signals the signal 

with minimum PAPR is selected for transmission. 

In SLM technique the original data block is 

multiplied with L phase sequences [14].  Thus ‘L’ 

sequences which carry the same information are 

generated. And from the generated L sequences the 

sequence with minimum PAPR is selected for 

transmission [15]. Along with the data the side 

information is also transmitted. Side information 

indicates the phase sequence which minimized the 

PAPR [16]. 

VI. LFSR BASED SELECTED MAPPING 
The LFSR based SLM technique is similar 

to the conventional Selected Mapping technique. The 

only difference is in the case of phase sequences 

generated. In LFSR based SLM technique the m-

sequence generated are used as phase sequences. 

Here some locations of the transmitted data block 

will be expanded to indicate the side information. 

The phase sequences are generated from m-

sequences. The 1s in the m-sequence are mapped into 

a constant C>1 and the 0s are mapped to 1s [16]. The 

phases of the elements are selected randomly as in 

conventional SLM. The main difference of LFSR 

based SLM from the Conventional SLM is in the 

generation of phase vectors. In LFSR based SLM the 

phase vectors are the sequences which are generated 

with the help of linear feedback shift register circuit. 

Each linear feedback shift register circuit is based on 

a generator polynomial. 

The feedbacks in the LFSR circuit are 

according to the corresponding generator polynomial. 

After the phase vector generation LFSR based SLM 

acts as Conventional SLM. That is the data block is 

multiplied with the phase vector element by element. 

And finally the sequence with minimum PAPR is 

selected for transmission. 

The receiver section knows the value of ‘m’ 

and the generator polynomial. Receiver is also aware 

that among the 2
m
-1 symbol, 2

m-1
symbols are 

expanded by a factor C and the other 2
m-1

-1symbols 

are not expanded [14]. The receiver can recover the 

side information by finding the locations of the 

expanded symbols. This can be finding by 

determining the position of run 1s in the m-sequence. 

The occurrence of run of 1s in each m-

Fig. 2: LFSR Based Selected Mapping 
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sequence is unique. Finding the position of run of 1s 

is equivalent to the determination of phase sequence. 

 

VII. LFSR BASED SLM WITH 

CLIPPING 
In the proposed technique clipping is added 

before Linear Feedback Shift Register Based 

Selected Mapping technique. And here the side 

information detection is similar to LFSR based SLM 

since clipping is added before the technique. So in 

the proposed technique also there is no need of 

explicit transmission of side information as LFSR 

Based Selected Mapping. 

 
Fig. 3: LFSR Based Selected Mapping with Clipping 

 

The addition of Clipping with LFSR Based 

SLM provides further reduction in PAPR. In clipping 

the signals above the threshold is clipped.  The LFSR 

based SLM with clipping provides better PAPR 

reduction and it eliminate the explicit transmission of 

side information. 

  

VIII. RESULTS 
The results are simulated in Matlab. To 

show the PAPR reduction capability of the technique 

complimentary cumulative distribution function of  

PAPR is plotted. The x-axis shows the threshold 

values and in y-axis probability PAPR value is 

greater than the threshold is plotted. 

 
Fig. 4: CCDF of PAPR with no PAPR reduction 

technique applied 

The figure 4 shows the peak-to-average 

power ratio plot of the OFDM signal. Here no PAPR 

reduction technique is applied. From the graph we 

can see that the PAPR of OFDM signal is very high. 

 
Fig. 5: Representation of CCDF of PAPR with no 

PAPR reduction technique applied, LFSR Based 

SLM and LFSR Based SLM with Clipping. 

 

The figure 5 shows the CCDF plot of PAPR 

of original OFDM system, OFDM system with LFSR 

Based SLM and LFSR Based SLM with Clipping. 

 

IX. CONCLUSION 
Orthogonal Frequency Division 

Multiplexing is an efficient technique in wireless 

communication. Selected Mapping is an effective 

technique to limit the peak-to-average ratio in OFDM 

system. But it requires transmission of side 

information to the receiver side. The LFSR based 

Selected Mapping does not require the explicit 

transmission of side information. Thus the band 

width efficiency is improved. The LFSR Based 

Selected mapping with Clipping achieves further 

reduction in PAPR. 
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