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Abstract – Orthogonal Frequency Division Multiplexing 

(OFDM) is an efficient method of data transmission. It is a 

base for high speed communication systems. The main 

drawback of OFDM system is that it suffers from high 

Peak – to – Average Power Ratio (PAPR). Due to high 

PAPR there is inefficient use of high power amplifier and 

this could limit transmission efficiency. OFDM consist of 

large number of independent subcarriers, as a result of 

which the amplitude of such a signal can have high peak 

values. In this paper, we introduce a modified SLM 

technique to reduce PAPR. The simulation results show 

PAPR can be reduced by applying the proposed scheme. 

The complexity is also reduced in proposed scheme. The 

PAPR of original OFDM is near about 10.4dB. By using 

SLM technique with original OFDM PAPR is reduced 

nearly about 3.5dB. And by using the modified SLM 

technique PAPR is reduced nearly about 3.8dB in 

comparison to original OFDM. 
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I. INTRODUCTION 

 By the turn of the nineteenth century, a great leap in 

communication system was observed when wireless 

communication was introduced. After the advent of 

wireless communication huge change has been observed 

in the lifestyle of people. Wireless communication 

which was initially implemented analog domain for 

transfer has is now-a-days mostly done in digital 

domain. Instead of a single carrier in the system 

multiple sub-carriers are implemented to make the 

process easier. 

 The performance of wireless communication 

systems is mainly governed by the wireless channel 

environment. As opposed to the typically static and 

predictable characteristics of a wired channel, the 

wireless channel is rather dynamic and unpredictable, 

which makes an exact analysis of the wireless 

communication system often difficult. In recent years, 

optimization of the wireless communication system has 

become critical with the rapid growth of mobile 

communication services and emerging broadband 

mobile Internet access services. In fact, the 

understanding of wireless channels will lay the 

foundation for the development of high performance and 

bandwidth-efficient wireless transmission technology. 

 OFDM has several advantages like high spectral 

efficiency, robustness to channel fading, immunity to 

impulse interference, uniform average spectral density, 

capacity to handle very strong echoes and less non-

linear distortion. OFDM is the modulation technique 

used in many new broadband communication systems 

[5]. In recent years OFDM has emerged as the standard 

of choice in a number of important high data 

applications. OFDM is the modulation technique used in 

many new broadband communication systems. In recent 

years OFDM has emerged as the standard of choice in a 

number of important high data applications. 

 Though OFDM has many advantages there are 

disadvantages also. One of the major disadvantages of 

OFDM is the high Peak – to – Average power ratio of 

OFDM signal. These multi – carrier systems have a 

problem that Peak – to – Average power ratio increases 

with the increase of number of subcarrier, which causes 

poor efficiency or serious performance degradation to 

transmit power amplifier. 

 Many PAPR reduction techniques have been 

proposed. These techniques can be mainly categorized 

into signal scrambling techniques and signal distortion 

techniques. 
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II. ORTHOGONAL FREQUENCY DIVISION 

MULTIPLEXING 

 With the ever growing demand of this generation, 

need for high speed communication has become an 

utmost priority. Various multicarrier modulation 

techniques have evolved in order to meet these 

demands, few notable among them being Code Division 

Multiple Access (CDMA) and Orthogonal Frequency 

Division Multiplexing (OFDM). Orthogonal Frequency 

Division Multiplexing is a frequency – division 

multiplexing (FDM) scheme utilized as a digital multi – 

carrier modulation method. A large number of closely 

spaced orthogonal sub – carriers is used to carry data. 

The data is divided into several parallel streams of 

channels, one for each sub – carriers. Each sub – carrier 

is modulated with a conventional modulation scheme 

(such as QPSK) at a low symbol rate, maintaining total 

data rates similar to the conventional single carrier 

modulation schemes in the same bandwidth. 

 The OFDM has many advantage such as high 

bandwidth efficiency, robustness to the selective fading 

problem, use of small guard interval, and its ability to 

combat the ISI problem. The main disadvantages of the 

OFDM systems is that it exhibits a high peak to average 

power ratio, namely the peak value of some of the 

transmitted signals could be much larger than the typical 

values. PAPR (Peak Average Power Ratio) makes the 

amplifiers to work in non-linear regions. This will cause 

inter modulation between the different sub carriers and 

introduce additional interference to the system. 

Additional interference leads to an increase in Bit Error 

Rate (BER).Large PAPR leads to in band distortion and 

spectral spreading. 

 

Figure 1.FFT Based OFDM Model 

Orthogonal Frequency Division Multiplexing is a 

special form of multicarrier modulation which is 

particularly suited for transmission over a dispersive 

channel. Here the different carriers are orthogonal to 

each other, that is, they are totally independent of one 

another. 

 Two periodic signals are orthogonal when the 

integral of their product over one period is equal to zero.  

For the case of continuous time: 

 

 
 For the case of discrete time: 

 

 

Where m ≠ n in both cases. 

III. PROBLEM OF PEAK TO AVERAGE POWER 

RATIO IN OFDM 

 An OFDM signal consists of a number of 

independently modulated sub carriers, which can give a 

large peak-to-average power (PAP) ratio when added up 

coherently. When N signals are added with the same 

phase, they produce a peak power that is N times the 

average power. High PAPR of the transmitted signals 

results in clipping noise, non–linear distortions of power 

amplifiers, BER performance degradation, energy 

spilling into adjacent channels, inter modulation effects 

on the sub carriers, warping of the signal constellation in 

each sub channel, increased complexity in the analog to 

digital and digital to analog converter.  

 Let the data block of length N be represented by a 

vector X=[X0, X1, X2… XN-1]
T
. Duration of any 

symbol Xk in the set „X‟ is „T‟ and represents one of the 

subcarriers {fn,n=0,1,…..,N-1} set. As the N sub–

carriers chosen to transmit the signal are orthogonal to 

each other, so we can have fn= n∆f, where n∆f =1/NT 

and NT is the duration of the OFDM data block „X‟. 

The PAPR of the transmitted signal is defined as 

PAPR=  
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PAPR is defined as a ratio of peak instantaneous power 

to the average power. Reducing the max |x(t)| is the 

principle goal of PAPR technique. 

IV. PAPR REDUCTION TECHNIQUES 

 There are several techniques to reduce PAPR of the 

OFDM system [1]-[2]. These techniques are classified 

into two i.e. Signal Scrambling Techniques and Signal 

Distortion Techniques [3]. In signal scrambling 

techniques we basically scramble the codes to reduce 

PAPR. Coding techniques can be used for signal 

scrambling. 

Signal scrambling technique can be further classified 

into:- 

1. With explicit side information. 

2. Without explicit side information. 

 Signal scrambling technique with explicit side 

information is of two types i.e. coding based and 

probabilistic schemes. Selective level mapping comes 

under probabilistic schemes. Hence selective mapping 

can be said to be a part of signal scrambling technique 

with explicit side information. 

V. THE SELECTIVE MAPPING TECHNIQUE 

 The SLM technique was first described by Bauml et 

al. [4]. Selective mapping scheme is a technique in 

which multiple phase rotations are applied to the 

constellation points, and the one that minimizes the time 

signal peak is used. Selective mapping involves 

generating a large set of data vectors all representing the 

same information. The data vector with the lowest 

resulting PAPR is selected. Information about the 

selected and transmitted data vectors is coded and these 

codes are by an additional sub carriers.  

 

Figure 2.Block Diagram of SLM Technique 

 In this technique the actual transmit signal lowest 

PAPR is selected from a set of sufficiently different 

signals which all represents the same information. SLM 

Technique is very flexible as they do not impose any 

restriction on modulation applied in the subcarriers or 

on their number. 

VI. PROPOSED SCHEME 

 In proposed scheme we have modified the SLM 

technique. Earlier in SLM technique we have used phase 

sequences [B(1),B(2),B(3),B(4)] = [1,-1,j,-j].  

 In the proposed scheme we have used phase 

sequences [B(1),B(2),B(3)…..B(u)] = [1,-1,-1,-1,-1,2,-

1,-1,3,-1,3,-1,-1,-1,-1,4]. First the data source is 

partitioned into blocks and then serial to parallel 

conversion of data is done. The transformed data is 

processed by the modified SLM unit. Then IFFT of data 

is done. After that one with lowest PAPR is selected. 

 

Figure 3. Block Diagram of Modified SLM Technique 

VI. SIMULATION RESULT 

 We carried out extensive simulation using 

MATLAB to evaluate the PAPR reduction performance 

of the modified SLM technique. OFDM systems with 

N=256 subcarriers was used for the simulation with 

QPSK modulation. The parameters used for simulation 

are given in table below: 

Modulation QPSK 

Number of data subcarriers(N) 256 

Total number of data symbols 1000 

Size of the phase sequence 256 

 We implemented the proposed algorithm of 

modified SLM to obtain a design in MATLAB. The 

result is shown in figure 5. We compared the result with 
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earlier SLM technique and it is found that proposed 

method worked efficiently. 

 

Figure 4.CCDF Plot of PAPR using SLM Technique 

 
Figure 5.CCDF Plot of PAPR for PROPOSED Method 

 The PAPR obtained by using SLM technique with 

phase sequence [1, -1, j, -j] is nearly about 6.9dB. The 

PAPR obtained by using modified SLM technique is 

nearly 6.6dB. So we are able to reduce PAPR effectively 

by nearly 0.3dB by modified SLM technique. 

 

VII. CONCLUSION 

 In this paper, technique for reducing PAPR has 

been proposed. By modifying the sequence used in 

original PAPR, new technique improved the PAPR 

value near about 6.6dB. The PAPR reduction 

performances were evaluated using MATLAB 

simulation tool. Experimental result clearly proves that 

there is a significant reduction in PAPR. The proposed 

scheme reduced the PAPR by about 3.8dB. 
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