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Abstract— With the increasing demand for high data 

rate wireless communication, OFDM is one of the good 

wireless access technology. Orthogonal Frequency 

Division Multiplexing (OFDM) is an important wireless 

technology of multiple-carrier modulation as it offers 

high spectral efficiency, resistant to delay spread and 

reduced intersymbol interference (ISI). OFDM has been 

widely deployed in many wireless communication 

standards such as mobile World-wide interoperability for 

Microwave Access (WIMAX), dedicated short range 

communication (DSRC), 4G cellular systems, Digital 

Video Broadcasting (DVB), and Long Term Evolution 

(LTE). One of the major problem occurred in OFDM is 

peak to average power ratio (PAPR). In order to limit the 

PAPR problem of OFDM signal to an acceptable level is 

a serious desirable intervention for good performance of 

the system. In this paper we have proposed a hybrid SLM 

with active constellation technique to reduce PAPR and 

BER of the OFDM system. Using Quadrature Phase Shift 

Keying (QPSK) modulation, it is shown that our 

proposed hybrid technique performs very well in 

comparison to SLM scheme without side information in 

terms of reduction in BER, improve PAPR, probability of 

error. A performance analysis of our proposed schemes 

has also been furnished in our paper. 

Keywords- Orthogonal frequency division multiplexing 

(OFDM), peak to average power ratio (PAPR), bit error 

rate (BER), selective mapping (SLM), Active 

constellation extension (ACE). 

 

I. INTRODUCTION 

With the increasing requirement of high data rate 

wireless communications, OFDM is one of the good 

wireless access technologies. This demand of high 

data rate can be fulfilled by the single carrier 

modulation with compromising the trade-off 

between the power efficiency and bit error rate.  In 

wireless multimedia applications high data rate is 

desired. The main accuse of OFDM on high-speed 

equalization was not important because information 

was sent equally on different subcarriers [1]. 

Orthogonal Frequency Division Multiplexing 

(OFDM) is an important wireless technology of 

multiple-carrier modulation as it offers high spectral 

efficiency, resistant to delay spread and reduced 

intersymbol interference (ISI) [2]. OFDM has been 

widely deployed in many wireless communication 

standards such as mobile World-wide 

interoperability for Microwave Access (WIMAX), 

dedicated short range communication (DSRC), 4G 

cellular systems, Digital Video Broadcasting 

(DVB), and Long Term Evolution (LTE). 

Regardless of its advantages, the major drawbacks 

of OFDM system is the high PAPR value which 

leads to power inefficiency and signal interference 

because of power amplifiers used. Orthogonality 

between the sub carriers minimizes interference. 

OFDM is to crack the high speed wireless 

communication technologies and combining them 

can provide wireless evolution from 3G to 4G 

system. OFDM is a set of frequency division 

multiplexing in which multiple sub carriers are 

utilized by single channel on adjacent frequencies. 

It can be either a multiplexing technique or a 

modulation technique. In this system, PAPR is an 

unpredictable outcome. Especially, Complementary 

Cumulative Distribution Function (CCDF) is a basic 

parameter to measure PAPR. Several authors have 

proposed various schemes for reducing the peak 

magnitude of the transmitted signal, which include 

selective mapping, clipping and filtering, coding, 

partial transmit sequence, Turbo Coded technique 

and companding technique. The average value is 
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less than the peak value of the independently 

modulated sub-carriers in OFDM system. The ratio 

of the peak value to the average value is called 

peak-to-average power ratio (PAPR) [3]. Although 

the advantage of OFDM is high frequency spectrum 

efficiency, robust to channel fading, insusceptible to 

compact interference, strong echoes can be handling 

and distortion is less nonlinear. It has disadvantage 

of high PAPR and synchronization. To overcome 

PAPR, randomizer is used that spreads the energy 

across wide bandwidth. In this paper, we propose to 

address this problem by describing a novel SLM 

method without side information and studying its 

performance in terms of probability of erroneous SI 

detection, bit error rate (BER), and PAPR reduction. 

In our hybrid technique method, each SI index is 

associated with a particular set of locations inside 

the data block at which the modulation symbols 

have been extended. In the receiver, a SI detection 

block attempts to determine the locations of the 

extended symbols. 

The paper is organized as follows: In Section II, the 

proposed hybrid technique is presented. Then, in 

Section III, we consider an example for which we 

provide various computer simulation results. 

Finally, conclusions are drawn in Section IV. 

 

II. PAPR REDUCTION 

As we all know that the combined technique 

describes better performance than individual 

techniques to reduce high PAPR. The graphical 

representation of OFDM problem of high PAPR, 

sensitive to Doppler shift and frequency 

synchronization are shown in Fig.1. 

 

FIG.1 HIGH PAPR 

Peak to average power ratio can be defined as the 

ratio of peak power of the signal to its average 

power of the system. It is the measure of the 

amplitude fluctuations of the signal in an OFDM 

system. PAPR is the main problem of multicarrier 

systems which shows large sensitivity to nonlinear 

distortions [4]. It is increased because of the 

occurrence of large amount of sub-carriers that are 

modulated independently in OFDM system and the 

signals which undergoes coherent addition resulting 

in same phase [5].  

By definition,   

                      PAPR = max [x (t)]
2
                      (1)    

                                                                     
E [(t)]

2
 

where x (t) is the original signal 

max[x(t)]
2
  is the peak signal power 

E[x(t)]
2
 is the average signal power 

Where E [.] is the expectation operator. 

 

III. SELECTIVE MAPPING (SLM) 

 In SLM technique the input data symbols are 

multiplied by each of the phase sequences and 

generate alternative new input symbol sequences. 

Each of these phase multiplied input data sequences 

is made the IFFT operation as shown in Fig.2 [6]. 

Computational complexity, PAPR reduction 

capability and avoiding Side Information are the 

major issues associated with SLM. Among them the 

lowest PAPR value sequence is selected for 

transmission. Let us consider X is the data block 

with X (k) as the mapped sub symbol (i.e. the 

symbol from the constellation), where k = {0, 1, 2, 

...........N − 1}. Let the uth phase vector is denoted 

as B (u), where u = {1, 2, ..........U}[13]. The U
th
 

candidate vector that is generated by the 

multiplication of data blocks with the phase 

sequence is denoted as X (u). So we can write the 

equation to get the kth element 

of uth candidate vector as 

                   X(u)(k) = X(k) B(u)(k)                       (2) 

Salini I V et al. [7] expressed a hybrid technique of 

Conventional SLM to reduce PAPR. In this method 

the iteration of IFFT blocks are reduced through the 

partitioning of subcarriers. It also reduced the 

computational complexity of the system. This 

method removes the transmission of phase sequence 

as side information if the phase sequence amplitude 

is greater than 1. This method gives better reduction 

in PAPR with good efficiency.  
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Fig.2.Selective mapping technique 

 

III. ACTIVE CONSTELLATION EXTENSION 

(ACE) 

This technique acquire extend of outer constellation 

points to decrease PAPR in OFDM system. It 

simultaneously decreases the BER with reduction of 

peak amplitude of the data symbol. Active 

constellation extension is a PAPR reduction 

technique similar to tone injection scheme [8]. Also 

the block size and constellation size are most 

importantly considered. Further, there is no 

requirement of side information without any loss in 

data rate in OFDM system [9]. An active channel 

extension with QPSK modulation encoding scheme 

is shown in Fig.3. 

             

  Fig. 3 Active channel extension with QPSK 

encoding 

 

IV. PROPOSED HYBRID TECHNIQUE 

A combined technique describe better performance 

than individual techniques because it provides the 

advantages of both the techniques used in 

combination. Therefore in this paper hybrid 

techniques based on selective mapping (SLM) and 

active constellation extension (ACE) is selected. In 

this section, we present the proposed hybrid PAPR 

reduction scheme which has been obtained by the 

alliance of SLM technique with constellation 

extension technique. The block diagram of the 

proposed method is shown is Fig. 4. 

 

                                                                  

Xo                                                    XSLM                                         Xh X 

 

 

Fig. 4 Hybrid SLM-Constellation Extension 

Scheme 

 

The presentation and performance of the proposed 

model for PAPR reduction is hereby analysed by 

the software of MATLAB simulator as shown in 

Fig. 5.  
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Within the simulator, the samples from the 

generated signal are mapped from binary 

representation to the M- QPSK constellation points 
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 where M = 4. Our goal is to achieve PAPR 

reduction using U = 4 vectors Bu. The proposed 

technique that allows for the SI index v to be 

reliably embedded in the transmitted vector Xv so 

that no additional bits need to be sent to the 

receiver. In the proposed hybrid technique, the 

average energy per transmitted symbol is increased 

when the data block X is multiplied by the vectors 

Bu because the fact that |xu,n | = |bu,n| · |xn |, with 

|bu,n| = 1 or C, implies that E[|xu,n |
2
] > E[|xn |

2
], 

where E[·] designates the expectation operator. In 

our hybrid technique, the data block X is multiplied 

element by element with each Bu so as to produce U 

vectors Xu = (xu,n )N , with xu,n = bu,n · xn , as well as 

U corresponding vectors Xu[10]. Finally, the vector 

Xu with the lowest PAPR is transmitted. Here, the 

particular vector Xu is denoted as Xv and is ranked 

with the vectors Xv  = (xv,n) and Bv = (xv,n )N . The 

index v represents the SI index to be transmitted. 

Then, the constellation extension is further 

processed in this technique. Further increase the 

power of U
th  

QPSK symbol. Then at the receiver 

end, we will find out the maximum power of 

received QPSK symbol to decode the symbol which 

has high power to get the side information at the 

receiver. After getting SI the received signal is 

divided by the phase vector to retrieve the original 

signal Y at the output. 

 

V. RESULTS 

 

Fig. 6 CCDF of OFDM System with N= 64 

According to this CCDF plot of PAPR reduction of 

an OFDM signal shown in Fig.6, the PAPR reduce 

to 10.6dB and when SLM technique is implemented 

then after applying constellation extension 

technique to the SLM PAPR output, the PAPR 

comes to 7.4dB which is 3.2dB less than the 

original PAPR on CCDF scale.  

In the proposed hybrid technique SLM- ACE there 

is a reduction in computational complexity with the 

deduction in complex operations as additions and 

multiplications. This hybrid technique is the good 

improvement over the existing technique in OFDM 

system. 

 

VI CONCLUSION 

As various types of Selected Mapping techniques 

have been verified for the PAPR reduction 

performance. Each technique proposed earlier gives 

good results but still every method is having some 

disadvantages. Depending upon the applications or 

depending upon performance of the system we can 

use appropriate method. Here, in this paper the 

parallel combinational scheme or hybrid SLM- 

ACE scheme have been implemented with sample 

size of 64 subcarriers to reduce PAPR in OFDM 

system under additive white Gaussian noise 

(AWGN) environment. The new method 

incorporates reduction of PAPR by approximately 

3.2dB. 
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