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INTRODUCTION

 
 Orthogonal frequency division multiplexing 
(OFDM) is a key broadband wireless technology 
which supports high data rate transmission. The rapid 
growth of recent multimedia applications, have 
aroused increased need for spectral efficiency, high 
speed transmission and mobility. OFDM has proven 
to be the best solution to achieve this goal.  It has 
been robust to intersymbol interference (ISI) that 
occurs as a result of dispersive nature of the channel 
(Cimini, L.J., 1985). Due to this, OFDM forms the 
basis for various wired and wireless communication 

Fig. 1: MCM transmission. 
 
 Although OFDM has many advantages, however, 
one of the major disadvantages of OFDM is PAPR 
that introduces non-linear distortion and spectral 
spreading in the signal at HPA since high peaks 
drives the HPA to saturation (Jiang, T. and Y. Wu, 
2008; Lim, D.W., 2009).  
 Various mitigation algorithms have been 
introduced for the reduction of PAPR in OFDM 
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 A B S T R A C T  
 In the recent years, there is an increasing lust for OFDM over various standards and 

wireless links due to its high data rate supporting potential, high spectral efficiency and 
robustness to frequency selective fading. One of the major drawbacks faced by OFDM
based system is its high peak to average power ratio (PAPR) that degrades the 
efficiency of the high power amplifier (HPA) by introducing non
this paper, various PAPR reduction techniques are analyzed and their bit error rate 
(BER) and PAPR reduction capability is compared. Simulation results reveal that 
appreciable reduction in PAPR is achievable by these techniques. To justify the results, 
complementary cumulative distribution functions (CCDF) plots are also compared. The 
PAPR reduction provided by partial transmit sequences (PTS) is superior to all the 
other schemes. However, it involves increased computational complexity.
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systems. It is a multi-carrier modulation (MCM) 
technique. The principle behind MCM is dividing the 
total signal bandwidth among number of subcarriers 
and information is sent on each of the subcarriers as 
shown in Fig.1. OFDM is incorporated in various 
standards such as IEEE 802.11a/g for wireless LANs, 
long term evolution (LTE) standards, worldwide 
interoperability for microwave access (WiMAX), 
digital video broadcasting (DVB),digital audio 
broadcasting (DAB), digit
(DSL),etc. 
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Various mitigation algorithms have been 
introduced for the reduction of PAPR in OFDM 

systems. These are mainly classified into three groups 
namely: (i) Signal Distortion techniques 
clipping (Rahmatallah, Y. and S. Mohan,
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constellation  shaping, tone injection, etc. and (iii) 
Coding techniques. For evaluating PAPR, generally 
used metric is CCDF. The reduction in CCDF 
basically signifies the amount of PAPR reduction 
(Kalaiselvan, S.A., 2015; Raja Thilagam, A. and Dr. 
R. Suresh Babu., 2015). 
 This paper includes comparison between various 
PAPR reduction techniques including clipping, 
discrete cosine transform (DCT) based technique, 
modified SLM and low complexity PTS technique. In 
this section, a brief background of PAPR reduction in 
OFDM was presented.  The rest of the paper is 
organized as follows: Section II includes OFDM 
system description and definition of PAPR. Clipping, 
DCT based (Viswanath, K., R. Gunasundari, 2015), 
SLM, and PTS schemes for PAPR reduction are 
analyzed in Section III. Simulation results and 
computational complexity involved are discussed in 
Section IV and finally Section V draws conclusions 

(Sindhu, T. and C. Nagavani., 2015; Emimanothaya, 
A. and Dr. R. Suresh Babu., 2015).  
 
I. Ofdm System And Papr: 
A. OFDM System Description:  
 Fig.2 shows the basic schematic of transmitter 
and receiver section of an OFDM system. Let a block 
of N symbol

0 1 2 1{ , 0,1,........ 1} [ ..... ]Tk NX X k N X X X X −= = − = be 

the input to the inverse fast Fourier transform (IFFT) 
operation wherekX represents the data on each 

subcarrier, which is an alphabet of quadrature 
amplitude modulation (QAM) constellation.  

     The 
thm time domain OFDM signal is expressed 

as: 
21

0

1
j kmN

N
m k

k

x X e
N

π−

=

= ∑            for   0≤ m ≤ N-1           (1) 

where kX represents the kth data on each subcarrier 

and N denotes the number of subcarriers. 
 

 
 
Fig. 2: Block Diagram of OFDM Communication System. 
 
B. Peak to Average Power Ratio: 
 A major disadvantage in OFDM is its non-
constant envelope comprising high peaks. The 
independently modulated subcarriers may add 
constructively or destructively. When subcarriers are 
added up in same phase, they result in high peaks and 
as a result peak power will be more than the average 
power of the original signal.  
 The PAPR of a discrete time OFDM signal x[n] 
is defined as the ratio of maximum instantaneous 
power to the average power, i.e. 

           (2) 

 where [ ]x n is the envelope of x[n] and E[.] 

denotes the expectation operator. 
 
C. CCDF of PAPR: 
 CCDF denotes the probability of PAPR of an 
OFDM signal going beyond a particular thresholdγ  

[2]–[4]. The CCDF is expressed as: 

Pr { } 1 (1 ) Nob PAPR e γγ −> = − −        (3) 

 where N denotes the number of subcarriers. 
 

II. Papr Reduction Techniques: 
 It is advisable to reduce the peak power rather 
than increasing average power to prevent driving of 
HPA into saturation. Various PAPR reduction 
algorithms have been suggested in the literature. 
Some of these reduction algorithms are briefly 
discussed below: 
 
A. Clipping: 
 Clipping is one of the simplest techniques of 
PAPR reduction. A clipper is employed to clip high 
peaks of the OFDM signal exceeding a preset 
threshold called clipping level (CL) and otherwise the 
signal is passed as it is [5],[6]. Let x(n) be the OFDM 
signal sample, then the clipper function is defined as: 

( )               if ( )
( ( )) ,

            if ( )j

x n x n CL
g x n

CL e x n CLφ

 ≤ =  
>  

          (4) 

 where CL refers to clipping level and  ( )x nφ = ∠  

is the phase of x(n). Clipping leads to in-band 
distortions and out-of-band distortions. However, 
oversampling reduces in-band distortion and filtering 
eliminates spectral spreading [4]. Also clipping ratio 
(CR) is related to CL by the expression: 

[ ]1020log
( )

CL
CR

E x n

 
=   

 

           (5) 
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 The clipping scheme is simulated using 
MATLAB for 64 subcarriers and 4-QAM modulation. 
CCDF is computed and plotted in Fig. 3 with no 
clipping, CR=1dB, and CR=5dB. It is observed from 

this figure that on decreasing CR values, CL and 
CCDF both decreases. Fig. 4 depicts the BER 
performance of actual signal and for PAPR reduced 
signal using clipping for different values of CR. 
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Fig. 3: CCDF without clipping and with clipping for CR=1dB and 5 dB. 
 

0 2 4 6 8 10 12 14 16 18 20
10

-4

10
-3

10
-2

10
-1

10
0

SNR (dB)

B
E

R

 

 

no clipping
CR=1dB
CR=5dB

 
 
Fig. 4: BER withoutclipping and with clipping for CR=1 and 5 dB. 
 

 
 
Fig. 5: Transmitter section of DCT based technique. 
 
B.  DCT based technique: 
 In this scheme, the phase of successive N data 

symbols { } 1

0
( )

N

k
X k

−

=
 are modified by multiplying odd 

and even symbols by +1 and -1, respectively. After 
this, a newly constructed frame of N data symbols is 
obtained. The DCT operation is performed on this and 
then it is applied to IFFT block (Baig, I. and V. Jeoti, 
2010; Pradhan, P.K., 2014). The transmitter section of 
this technique is represented in Fig.5. The phase 
modified symbols can be expressed as: 

( )
( )                                  for =1

( ) ( )        for =1,2..........
k k
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X k k

X k
X u X u k N

∧

= =

 
 = − 
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                   (6) 

 where ( )X k
∧

 refers to the phase modified 

symbols.  Thus the time domain OFDM signal 
obtained by this scheme is given by: 

( ) { [ ( )]}x n IFFT DCT X k
∧

=                                      (7) 

 The idea behind using DCT is to lower the 
autocorrelation among the input sequences that 
reduces the PAPR. The DCT of one-dimensional 
having length N is defined as: 
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 Similarly, IDCT is defined as: 
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 where ( )a k is given by: 

1 ;  for 0 
( )

2 ;  for 0

N k
a k

N k

 == 
≠

                            (10) 

 In this scheme, there is no need of sending side 
information to the receiver. 
 
C. Hadamard Selective mapping technique (H-
SLM): 
 In SLM, the basic approach is to create a set of m 
OFDM symbols saymx each of length N such that 

each represents the same information. Sufficiently 
different OFDM symbol vectors are generated by 
element wise multiplication of M different phase 
sequences

mp with the original data sequence 

1 2[  ....... ]NX X X X= to produce alternate symbol 

sequences. The length of each phase sequence is N. 
IFFT operations are carried out on these alternate 
sequences and then transmit the one with lowest 
PAPR. Thus the new transmitted OFDM signal is 
expressed as:   



380                                                            Sadhana Singh and Arvind Kumar, 2015 
Australian Journal of Basic and Applied Sciences, 9(36) December 2015, Pages: 377-382 

[ ]
~
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 The phase sequences are given by: 

,1 ,2 ,[  ....... ],       0 1m m m Nj j j
mp e e e m Mϕ ϕ ϕ= ≤ ≤ −          (12) 

 

 

 
 
Fig. 6: Block Diagram of SLM scheme. 
 

 
 
Fig. 7: Block Diagram of PTS scheme. 
 
where , [0,2 )m kϕ π∈  for k=1,2…..,N 

 Therefore the modified OFDM symbol is the 
IFFT of the new combined sequence formed after 
multiplication. It can thus be represented by: 

,1 ,2 ,

1 2[  ......... ]m m m Nj j j
m Nx IFFT X e X e X eϕ ϕ ϕ=            (13) 

 In this scheme, side information i.e. the chosen 
phase sequence corresponding to the lowest PAPR is 
sent to the receiver to recover the actual data 
sequence [9]. For reducing the complexity of this 
scheme, { 1} or { 1, }mp j= ± ± ±  are used as phase 

factors [4]. The schematic of this technique is shown 
in Fig.6. 
 
D. Low Complexity Partial transmit Sequence (LC-
PTS): 
 The basic concept behind PTS, as the name 
suggests, is to divide the input data block X of length 
N into M disjoint sub-blocks mX  i.e., 

1

0

M

m
m

X X
−

=

= ∑                                            (14) 

 These sub-blocks are passed through IFFT block 
to transform into partial time domain sequences as 
represented by: 

{ }m mx IFFT X=                                      (15) 

 Now the IFFT output is weighted by a phase 

factor mj
mb e φ= , where [0,2 ),0 1m m Mφ π∈ ≤ ≤ − . 

Now the goal is to optimally select the values of 's
mb , 

which minimize the PAPR of the combined OFDM 
signal. The OFDM signal now becomes: 

1

0

M

m m
m

x b x
−∧

=

= ∑                                                       (16) 

 Let W be the phase factors and M be the sub-
blocks, set      1b  =1. Thus M -1 sub-blocks are 

required to be optimized. As a result 
1MW − combinations of phase factors are to be checked 

to obtain the minimum PAPR [11]. These optimal 
phase factors acts as side information and are sent to 
the receiver for recovering the actual data sequence. 
The schematic of PTS scheme is given in Fig.7.  
 
IV. Simulation Work And Results: 
 To analyze The OFDM system is simulated using 
MATLAB software version 8.3.0.532 on i3 processor 
supported by Windows operating system. The OFDM 
system uses N=64 subcarriers and QAM Modulation 
in the study. The Channel employed is modeled as 
additive white Gaussian noise (AWGN). All the 
PAPR reduction schemes, discussed above, are 
simulated and their performance analysis is 
compared.  
 For clipping algorithm, value of CR is set to 5dB 
and CL is computed for obtaining threshold value. It 
is seen that appreciable PAPR reduction is achieved 
at CR=5dB with slight increase in the BER. 
 A reduced complexity H-SLM is implemented 
here using Hadamard matrix to generate orthogonal 
sub-blocks. The BER performance and PAPR of this 
scheme is also computed. 
 In the DCT based technique, the reduction in 
PAPR is almost comparable to SLM without the 
requirement of side information at the receiver. 
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 Four phase factors including (1, -1, j, -j) are used 
in LC-PTS algorithm. The side information is needed 
at the receiver to choose the signal with less PAPR. 
Simulation results show that the PTS performs best of 
all the above techniques as it can be seen in the CCDF 
plot. 
 The comparison based on CCDF plot of all these 
techniques is shown in Fig. 8. At CCDF of 10-1, SLM 
and DCT based methods reduce the PAPR about 2dB. 
In clipping technique for CR of 5dB, PAPR is 

reduced up to 3dB and PTS scheme gives appreciable 
reduction of 4dB. 
 Fig. 9 depicts the BER performances vs. SNR of 
the original OFDM, clipping, DCT based, SLM, and 
PTS schemes. The BER performances of all the 
schemes, except clipping, are comparable to original 
OFDM. Further, improvement in the BER 
performance for clipping may be obtained if filtering 
is used along with the clipping scheme.  

 

 
 
Fig. 8: CCDF Comparison of original OFDM, Clipping, DCT, SLM and PTS method. 
 

 
 
Fig. 9: Comparison of PAPR Reduction techniques based on BER Performance. 
 
Table I:  Computation Complexity Comparison For N=64 Subcarriers, M=4 PTS Sub-blocks. 

Operations CLIPPING DCT Based HadamardSLM LC-PTS 
IFFT/FFT 1 1 N 4 

Complex Multiplications N N N×N 4N 
Complex Additions N-1 N-1 N× (N-1) 4(N-1) 

DCT No 1 No No 
Clip Operation Yes No No No 

Check Operation - - N N 

 
V. Conclusion: 
 In this paper, various PAPR reduction schemes 
are analyzed. It is observed that the computational 
complexity of Clipping is better as compared to all 
other schemes considered for this analysis. The PAPR 
reduction in Clipping when CR is 1dB is appreciable 
but its BER performance is poor. Other techniques, 
namely, DCT based, H-SLM and LC-PTS show 
significant reduction of PAPR and BER performances 
of all these techniques are comparable to original 
OFDM. From the simulation results it is evident that 
the PAPR reduction using PTS is better than all but it 
is obtained with increased computational complexity. 
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