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Abstract:  To explore a novel effective Peak-to-Average Power Ratio (PAPR) reduction scheme for OFDM system based on 

conventional Selective Mapping Method (SLM) with regards to the Bit Error Rate (BER) performance. The Orthogonal frequency 

division multiplexing (OFDM) modulation technique [1] is a multicarrier wireless communication system used for transmitting large 

amount of data and promises to deliver high data rate with simple receiver structure. It is more spectral efficient and has been 

recommended to be used by many standards. One major drawback of OFDM systems is the high peak to average power ratio (PAPR) 

which leads to power inefficiency and signal distortion with practical power amplifiers used at the transmitter. Selective Mapping 

Method (SLM) is a distortion less technique that can reduce PAPR efficiently without increase in power requirement and incurring 

data rate loss. There are several techniques to reduce PAPR of OFDM system. In this paper we have done simulation of Selective 

Mapping Method (SLM) for PAPR reduction for 4 QAM baseband signal for 64, 128, 256, 512 and 1024 number of subcarriers. The 
simulation result shows that proposed SLM technique has better PAPR reduction performance. 

Index Terms – OFDM; SLM, PAPR, BER, QAM 

 

1. INTRODUCTION 

The modern mobile communication systems require 

high data rate by a linear power amplifier with extremely 

low power consumption and long battery life. In 

telecommunications, Orthogonal Frequency Division 

Multiplexing (OFDM) is a method of encoding digital data 

on multiple carrier frequencies. This digital modulation 

scheme whose range is four times greater than that of single 

carrier modulation scheme. To meet out the requirement of 
higher data rates and high spectral efficiency a new digital 

multicarrier modulation scheme is developed in 

communication field which is suitable for both wired and 

wireless environment. The multicarrier transceiver with 

improved transmission rate, long term evolution (LTE) and 

LTE advanced (LTE-A) standards [2] have been 

recommended for the use of OFDM modulation technique 

to achieve higher bit rates.  It has proven to be one of the 

most promising schemes used for transmission of signals 

mainly in wireless system based on IEEE 802.IIa and IEEE 

802.IIg standards [3]. It is based on the principle of splitting 
the data stream into large number of narrowband subcarriers 

which are orthogonal to each other with an inverse discrete 

Fourier transform (IDFT) operation [4]. It has several 

advantages compared to traditional communication systems. 

Important among them are being spectrally efficient, it uses 

simple receiver as turns the frequency-selective fading 

channel into a flat fading channel and it is most suitable for 

multimedia communications. OFDM also suffers from 

being sensitive to timing and frequency synchronization 

errors and high peak-to-average power ratio (PAPR). High 

PAPR is an undesirable characteristic, which is caused due 

to multiple subcarriers showing Rayleigh distribution 
pattern. It produces undesirable distortions and increases 

non-linearity of power amplifiers. There are different 

techniques to reduce PAPR value such as clipping and 

filtering (C&F), selective mapping (SLM), partial transmit 

sequence (PTS), single carrier frequency division multiple 

accessing (SCFDMA), pulse shaping, tone reservation (TR), 

tone injection (TI), dummy sequence insertion (DSI) 

technique, etc. Orthogonal Frequency Division Multiplexing 

(OFDM) is a special form of multi carrier transmission 

which has found its application in a number of wireless and 

wire-line systems. In an OFDM scheme, a large number of 

orthogonal, overlapping, narrow band sub-channels or 

subcarriers, transmitted in parallel, divide the available 

transmission bandwidth. The separation of the subcarriers is 
theoretically minimal such that there is a very compact 

spectral utilization. Multicarrier modulation schemes divide 

the  computer file into bands upon that modulation is 

performed and multiplexed into the channel at totally 

different carrier frequencies so info is transmitted on every 

of the sub carriers, specified the sub channels area unit 

nearly distortion less. In typical OFDM system, IFFT/IDCT 

and FFT/DCT area unit accustomed multiplex the signals 

along and rewrite the signal at the receiver severally. During 

this system, the Cyclic Prefix is added before transmittal the 

signal to channel. This paper is organized as section II 
describes Litarature review and in section III discussed 

about Proposed System and Section IV describes shows the 

simulation results and comparison between existing and 

proposed methods and section V concludes the paper 

followed by references. 

 
 

Fig.1 OFDM Block Diagram Process 
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2. SYSTEM MODEL 

For OFDM system implementation, Inverse Fast Fourier 

Transform (IFFT) is usually being utilized to modulate 

multiple sub-band signals in an OFDM. In OFDM system, 

the information data symbol are passed through serial to 

parallel convertor and modulated using different modulation 

schemes like Quadrature Amplitude Modulation (QAM),  
Binary Phase Shift Keying (BPSK) and Quadrature Phase 

Shift Keying (QPSK) to form a complex vector of size N. 

Here single signal bit is divided into N different parallel 

routes An N point FFT or IFFT operation is used to 

modulate and demodulate the data [5].  

The Complex vector is written as:  

         (1) 

Complex vector X is passed through IFFT block. 

After IFFT transform the signal can be written as  

                                   (2) 

Here 𝑥𝑛 represents the transmitted OFDM signal, N 

is the number block size.  

2.1 Peak Average Power Ratio (PAPR)  
 

The Peak to Average Power Ratio of OFDM signal is 

defined as the ratio between average signal power and the 

maximum peak power. Theoretically the large number of 

peak in OFDM system can be expressed by using parameter 

peak to average power ratio (PAPR) and it is 
mathematically expressed as [6]  

 

                    (3) 
 

where 𝑃𝑃𝐸𝐴𝐾 represents the peak power of OFDM signal and 

𝑃𝐴𝑉𝐸𝑅𝐴𝐺𝐸 represents the average power of OFDM signal.  
 

      In OFDM when baseband signal reaches its maximum 

theoretical value then PAPR is defined as  
               

PAPR (db) = 10log (N)                                            (4) 
 

One of the another important parameter commonly used in 

OFDM system is Crest factor which is used to evaluate the 

range of continuous time OFDM signal and envelop 

fluctuation where the value of PAPR is equal to square of 

crest factor i.e. PAPR = (𝐶𝐹)2. The Crest Factor (CF) is 

defined as the ratio between maximum amplitude of OFDM 

signal s(t) and root mean square (RMS) of the waveform 

[7]. 
 

                            (5) 
  

2.2 Complementary Cumulative Distribution CCDF of 

PAPR in OFDM  
 

     The Complementary Cumulative Distribution Function 

(CCDF) is one of the most widely used parameter which is 

used to evaluate the performance of any PAPR reduction 

technique. Normally we use Complementary CDF in place 

of Cumulative Distribution Function (CDF) [8]. The 

cumulative distribution function of the peak power per 

OFDM symbol can be found based on the assumption of the 

uncorrelated samples. This parameter is helpful to find out 

the probability that PAPR of particular data block exceed a 
certain threshold value [9].The Cumulative Distribution 

Function of sampled valued signal is expressed as:  
 

F(z) =1- exp(-z)                                                       (6) 
 

Assuming that multicarrier OFDM system contain same 

data bits that are mutually independent with each other and 

free from oversampling operation, In this case if the 

probability distribution function for PAPR less than certain 

threshold value is therefore defined as:  
                         

P(PAPR) F(Z)N = (1− exp(z))N                              (7) 
 

 

 

If the probability of PAPR exceed a certain threshold value 

than “Complementary Cumulative Distribution Function” 

can be mathematically represented as:  
 

P(PAPR>Z)=1-P(PAPR≤Z)=1-F(Z)N=1-(1−exp(-Z)N) 

(8) 

For better approximation of the PAPR of continuous-
time OFDM signals, OFDM signal samples are obtained 
by L times oversampling is given by 
 

               (9) 
 
 

3. PAPR REDUCTION TECHNIQUES  

 
 

At present there are number of different techniques have 

been proposed by different authors to dealing with the 

problem of PAPR [10] [11].These techniques vary 

according to the need of system depend upon the number of 

factors such as PAPR reduction capacity and spectral 

efficiency. There are number of factors which are 

considered important while adopting any PAPR reduction 

technique increasing transmit signal power, loss in data rate, 

computational complexity, and increased bit error rate at 

receiver end. These techniques are basically divided in to 

two parts signal scrambling and signal distortion techniques. 

The purpose of signal scrambling technique is to scramble 

OFDM signal with different variation of codes or 

scrambling sequence and eliminates the peaks to achieve 

PAPR reduction and select one which has lowest PAPR 

value for transmission [12]. Different coding techniques 

Barker codes, M sequences, Golay Complementary and 

Shapiro-Rudin sequences have been used for reduction of 

PAPR. The main problem associated with these techniques 

is that as numbers of carrier’s increases while searching for 

best code the associated overhead will also increases 

exponentially. This type of approach include: Selective 

Mapping (SLM), new phase SLM and Partial Transmit 

Sequences (PTS. SLM) method applies scrambling rotation 

to all sub-carriers independently while PTS method only 

takes scrambling to part of the sub-carriers. In SLM or PTS 

there will be no restriction on type of modulation and 

number of subcarriers. In new phase SLM scheme the SLM 

and PTS schemes are combined and the rows of the 

normalized Riemann matrix are used as phase sequence set 

for PAPR reduction. Signal distortion techniques include 

Peak windowing, envelop scaling etc.  
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3.1 Selective Mapping Technique  

 

SLM PAPR reduction technique has been first proposed by 
Bamul.et.al. Selective mapping is a simple PAPR 

suppression method for OFDM signals. The SLM technique 

is basically implemented from the idea of symbol 

scrambling. In this scheme, a set of candidate signals are 

generated to represent the same information, then the signal 

with lowest PAPR is selected for transmission [14]. The 

information about the selection of these candidate signals 

need to be explicitly transmitted along with the selected 

signal as side information [13].  

Selected mapping technique needs to transmit the 

information to receiver, with the selected signal, as side 

information. If there is any error in the received 
information, then it is difficult for the receiver to recover the 

information from the transmitted selected signal. Due to this 

problem a strong protection is needed regarding side 

information. If the receiver has these side information then 

the process of decoding become very simple. The SLM 

PAPR reduction technique can be employed for larger 

number of sub-carriers with moderate complexity. 

 
Fig.2 Block Diagram of Selective mapping technique 

 

The technique contains codes only for PAPR reduction and 

does not include error correction. The complexity is 
increased in this scheme due to the multiple numbers of 

IFFT operations. The need for transfer of side information 

to the receiver without any margin for transmission errors is 

very crucial under the fading channels. 

 
 

Fig.3 Flow chart for SLM technique. 

Algorithm of Selective mapping technique:  

 

a) Divide the input data in to number of sub blocks and 

converted into parallel form by using convertor.  

b) Then the input data sequences are multiplied by phase 

sequence to generate input symbol sequence.  

c) IFFT operation is made on each of input resultant symbol 

sequence.  

d) Calculate CCDF of resultant signal and compare it with 

threshold value.  

e) Data with lowest PAPR is selected for transmission.  

 

4. PROPOSED SYSTEM 

 

         In this proposed system we are applying the PAPR 

reduction scheme only for those signals which exceed the 

PAPR threshold level. We keep an array of U scramblers to 

change a higher PAPR sequence into a lower PAPR 

sequence. Once the PAPR of the scrambled sequence goes 
below the threshold, the scrambling may be terminated and 

the scrambled sequence is transmitted, reducing the 

computational Complexity.  

 

 
 

Fig.3  Proposed System block diagram 

 

OFDM system with SLM algorithm to reduce the PAPR 

with mathematical expression:  

 

Let the input data is defined as:  

 

X=[X0, X1, X2, X3 … … … … … … … … … . XN−1]T                     

 
(10) 

Each data block is multiplied with U different phase factor; 

then Phase rotated sequence due to phase rotation factor 𝐵𝑣𝑢 

can be written as: 

 

 
 

where 

(11) 

With phase sequence with  
We are usually selected ±1 for avoiding complexity for 

complex multiplication or to add unmodified data in to 

modified data.  

 

After that multiply input data with U different phase factor 

the modified data for U phase sequence can be written as:  

Xu =[ X0 bvu,0 , X1bvu ,1 , X2bvu,2 … … XN−1bvu ,N−1 ]               

(12) 

where   u=0, 1, 2…..….U-1.  

After the PAPR comparisons among the U data sequence  

x(u), the optima mapped one 𝑥 with the minimum PAPR is 
selected for transmission. 
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PAPR reduction effect will be better U is increased. SLM 

method can effectively reduce PAPR without any signal 

distortion. 
 

5.  RESULTS AND SIMULATION 

 
 

      The complementary cumulative distribution function 

(CCDF) of the PAPR is the most commonly used 

performance measures for PAPR reduction techniques. In 

this paper selective mapping PAPR reduction technique is 

analyzed by using different number of sub-blocks. The 

simulations were performed in Matlab (version7.8).  

 

PAPR is a measure of fluctuations in the output of 

the OFDM signal and calculated as the ratio of peak to 
average power of the complex valued signal. The equations 

(13) and (14) give the average power and peak power for a 

given sample {xm} of an OFDM signal respectively. 
 

                                (13) 

                                 (14) 
 

     To find out the probability that the PAPR exceeds a 

particular value complementary cumulative distribution 

function (CCDF) is used as given in equation (15) 

             (15) 
     The baseband modulated 16-QAM input data is first 

converted from serial to parallel form. The resulted parallel 

data is given by equation (16) 
 

X[N] = {X[0],X[l],X[2] ........... X[N -1]}                                              
 

                                                                                        (16) 
 

    These input data block is multiplied with each phase 

sequence as given by equation (17) and the resultant data 

block is represented by equation (18). 

                        (17) 

                          (18) 
Now N-point IFFT is taken for each data block represented 

in equation (18) which is shown by equation (19). 
 

                         (19) 
 

It is to be mentioned that data block, represented by 
equation (19) is N-point time domain sequence giving 

PAPR value due to individual phase factor, PN.  

 

Among which the one sequence Smin =  with the lowest 

PAPR is selected for transmission as given in equation (20). 

 

                (20) 

 
      Information about the selected phase sequence PN is 

transmitted as side information in order to recover the 

original data block. It requires N-IFFT operations for the 

implementation of SLM technique and requires log2N bits 

of side information for each data block. 

 

 
 

Fig.4  PAPR of 4 QAM Original OFDM Signal 

 

        Figure 4 gives the Matlab simulated value of PAPR for 
4-QAM OFDM signal for 64, 128, 256, 512 and 1024 

number of subcarriers. At 1O-3 of CCDF, the corresponding 

PAPR values are 7.5, 8.1, 8.5, 8.8 and 8.9 dB respectively. 

 

 
 

Fig. 5  PAPR of 4 QAM OFDM Signal with SLM 

Technique for N= 1024 

 

      Figure 5 gives the PAPR value obtained using SLM 
technique for 4-QAM OFDM signal with 1024 subcarriers 

and with different phase factors 1, 2, 4, 8 and 16. The 

corresponding PAPR at 1O-2 of CCDF are 8.2, 8.5, 8.9, 9.6 

and 10.6 dB respectively. 

 

 
 

Fig.6 BER vs SNR for OFDM using QAM modulation 
 

Table.2 depicts the PAPR values for 64, 128, 256, 

512 and 1024 number of sub carriers with phase factors 1, 2, 

4, 8 and 16. It is evident that as the number of phase factors 

increases the value of PAPR decreases. But the PAPR value 

decreases with increase in number of subcarriers. 

 

Table.2: Existing System PAPR with Matlab 

Simulations 
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Table.3: Proposed System PAPR with Matlab 

Simulations 

 
 

Table.4: Results of with side information QAM & WOSI 
 

 
 

6. CONCLUSION 

 

      OFDM provides high data rate transmission capability 

with robustness to radio channel impairments. It has been 
widely accepted for future communication for different 

services. But, it suffers from high value of peak-to average 

power ratio. High PAPR drives high power amplifier into its 

saturation region and causes it to operate in the nonlinear 

region. There are several techniques to reduce PAPR of 

OFDM system. In this paper, we have done the 

implementation of Selective Mapping Method (SLM) for 

PAPR reduction for 4 QAM baseband signal for 64, 128, 

256, 512 and 1024 number of subcarriers and calculating the 

bit error rate (BER). The results obtained have been 

compared with PAPR values obtained through mathematical 

analysis and MATLAB simulations and also with original 
signal. 
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