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Abstract 
Technology has always been the factor of human 
advancement. And, no other technology has ever created so 
much impact on every walk of life than the digital 
technology. The demand for future higher data rate 
communications always provides the Impetus for this 
research. OFDM offers several advantages over other 
transmission technologies such as high spectral efficiency, 
robustness to fading channel, immunity to impulse 
interference, And capability of handling very strong multi-
path fading and frequency selective fading without having 
to provide powerful channel equalization. It is obvious that 
a parallel system is capable of carrying more information 
than a cascade system, simply because it uses a variety of 
frequency bands. However, the significant advantage of 
OFDM is that it is robust in frequency-selective channels, 
which result from either multipath fading or other 
communication interferences. This paper will give an 
overview to OFDM technique and identify the PAPR 
problem characteristically. This research proposed an 
improved scheme with much lower complexity. 
Keywords: OFDM, PAPR, SLM, PTS. 

I. Introduction 
Orthogonal Frequency Division Multiplexing 
(OFDM) has become a popular technique for 
transmission of signals over wireless channels and it 
has been adopted in various wireless standards such 
as digital audio broadcasting (DAB), digital video 
broadcasting (DVB-T), the IEEE 802.11a [1], local 
area network (LAN) standard and the IEEE 802.16a 
[2] metropolitan area network (MAN) standard. In 
OFDM system, high rate incoming signal is serial to 
parallel converted to N low rate data streams and 
each is sent over one of the N orthogonal subcarriers. 
Besides various advantages an important 
disadvantage of OFDM systems is their high peak-to-
average power ratio (PAPR). High PAPR degrades 
OFDM signals by forcing the analog amplifier to 
work in the nonlinear region, distorting this way the 
signal and making the amplifier to consume more 
power. There are several ways to reduce the PAPR of 
OFDM signals which can be divided in two groups: 

the techniques that non-linearly distort the signal and 
the ones that reduce the PAPR without distorting the 
signal. Several researches have been proposed 
schemes for reducing PAPR, such as amplitude 
clipping method [3], active constellation extension 
(ACE) [3], coding method , phase optimization , 
nonlinear companding transforms [4], interleaving 
[5], Selective Mapping (SLM) [6] and Partial 
Transmission Sequence (PTS)  etc. 

 
 

II. PEAK to AVERAGE RATIO 
One major drawback of OFDM is the large Peak to 
Average Power Ratio (PAPR) of the transmitted 
signal. A large PAPR increases the complexity of the 
analog – to – digital and digital – to – analog 
converter and reduces the efficiency of the radio – 
frequency (RF) power amplifier [7]. Regulatory and 
application constraints can be implemented to reduce 
the peak transmitted power which in turn reduces the 
range of multi carrier transmission. This leads to the 
prevention of spectral growth and the transmitter 
power amplifier is no longer confined to linear region 
in which it should operate. This has a harmful effect 
on the battery lifetime. Thus in communication 
system, it is observed that all the potential benefits of 
multi carrier transmission can be out - weighed by a 
high PAPR value [7]. 

 
The major disadvantages of a high PAPR are-  

1. Increased complexity in the analog to digital 
and digital to analog converter.  

2. Reduction is efficiency of RF amplifiers. [1] 
 
High PAPR corresponds to a wide power range 
which requires more complicated analog-to-digital 
(A/D) and digital-to-analog (D/A) converters in order 
to accommodate the large range of the signal power 
values. Therefore, high PAPR increases both the 
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complexity and cost of implementation. In practical 
systems, commonly available circuits with a finite 
range and precision are used, thus introducing non-
linear distortion to the reconstructed analog signal 
[8]. 
 
To avoid this distortion, for high PAPR, the RF 
power amplifiers needs to be operated under large 
back-offs due to the limited linear region. Thus high 
PAPR reduces the efficiency of RF power amplifiers. 
With these two effects degrading the system 
performance, we should try to keep away from high 
PAPR in the system design. Tons of research has 
been done on the PAPR reduction for OFDM system. 
The conventional definition of the PAPR for the 
OFDM symbol in the time domain x may be 
expressed as 

���������	 =
max�|����|	�

��|����|�	
 

where E(.) denotes expected value of random 
variable. [9] 
 
PAPR reduction techniques vary according to the 
needs of the system and are dependent on various 
factors. PAPR reduction capacity, increase in power 
in transmit signal, loss in data rate, complexity of 
computation and increase in the bit-error rate at the 
receiver end are various factors which are taken into 
account before adopting a PAPR reduction technique 
of the system. 

III. Criteria for Selection of PAPR 
Reduction  

There are many factors that should be considered 
before a specific, PAPR reduction technique is 
chosen. These factors include PAPR reduction 
capability, power increase in the transmit signal, BER 
increase at the receiver, loss in data rate, computation 
complexity increase and so on. Let us briefly discuss 
each of them [11]. 

a. PAPR Reduction Capability 
Clearly this is the most important factor in choosing a 
PAPR reduction technique. Careful attention must be 
paid to the fact that some techniques result in other 
harmful effects. For example the amplitude clipping 
technique clearly removes the time domain signal 

peaks but results in in-band distortion and out-of-
band radiation. 
 

b. Power Increase In The Transmit Signal 
Some techniques require a power increase in the 
transmitted signal after using PAPR reduction 
techniques. For example Tone reservation (TR) 
requires more signal power because some of its 
power must be used for the peak reduction carriers 
(PRC). Tone injection (TI) uses a set of equivalent 
constellation point for an original constellation point 
to reduce PAPR. Since all the equivalent 
constellation points require more power than the 
original constellation points, the transmit signal will 
have more power after applying Tone injection (TI). 
When the transmit signal power should be equal to or 
less than that before using a PAPR reduction 
technique, the transmit signal should be normalized 
Bach to the original signal power level resulting in 
BER performance degradation for these techniques 
[11]. 

c. BER Increase At The Receiver 
This is also an important factor and closely related to 
the power increase in the transmit signal. Some 
technique may have an increase in BER at the 
receiver if the transmit signal power is fixed or 
equivalently may require large transmit power to 
maintain the BER after applying the PAPR reduction 
techniques. For example the BER after applying 
Active constellation Extension (ACE) will be 
degraded if the transmits signal power is fixed. In 
some techniques such as SLM, PTS and Interleaving, 
the entire data block may be lost if the side 
information is received in error. This also may 
increase BER at the receiver. 
 

d. Loss In Data Rate  
Some techniques require the data rate to be reduced. 
In block coding technique one out of four 
information symbols is to be dedicated to controlling 
PAPR. In SLM and PTS and Interleaving, the data 
rate is reduced due to the side information used to 
inform the receiver of what has been done in the 
transmitter. In these techniques the side information 
may be received in error, unless some form of 
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protection such as channel coding is employed. When 
channel coding is used the loss in data rate due to 
side information is increased further. 
 

e. Computational Complexity 
Computational complexity is yet another important 
consideration in choosing a PAPR reduction 
technique. Techniques such as PTS find a solution for 
the PAPR reduced signal by using much iteration. 
The PAPR reduction capability of interleaving 
technique is better for large number of Interleavers. 
Generally more complex techniques have better 
PAPR reduction capabilities. 
 

f. Other Considerations 
Many of the PAPR reduction techniques don’t 
consider the effect of the components in the 
transmitter such as the transmitter filter, digital to 
analog converters (D/A) and transmit power 
amplifier. In practice PAPR reduction techniques can 
be used only after careful performance and cost 
analysis for realistic environment. 

 
 
IV. Various Techniques to Reduce 

PAPR  
Several techniques have been proposed to reduce the 
PAPR. These techniques a mainly categorized in to 
signal scrambling techniques and signal distortion 
techniques. Signal scrambling techniques are all 
variations on how to scramble the codes to decrease 
the PAPR. Coding techniques can be used for signal 
scrambling. Golay complementary sequences, 
Shapiro-Rudin sequences, M sequences, Barker 
codes can be used efficiently to reduce the PAPR. 
However with the increase in the number of carriers 
the overhead associated with exhaustive search of the 
best code would increase exponentially. More 
practical solutions of the signal scrambling 
techniques are block-coding, Selective Level 
Mapping (SLM) and Partial Transmit Sequences 
(PTS). Signal scrambling techniques with side 
information reduces the effective throughput since 
they introduce redundancy [10]. 
 

The signal distortion techniques introduce both In-
band and Out-of-band interference and complexity to 
the system. The signal distortion techniques reduce 
high peaks directly by distorting the signal prior to 
amplification. Clipping the OFDM signal before 
amplification is a simple method to limit PAPR. 
However clipping may cause large out-of-band 
(OOB) and in-band interference, which results in the 
system performance degradation. More practical 
solutions are peak windowing, peak cancellation, 
Peak power suppression, weighted multicarrier 
transmission, companding etc [10,11]. 

 
 
 

a. Selected Mapping (SLM) 
Selective Mapping (SLM) approaches have been 
proposed by Bauml in 1965. This method is used for 
minimization of peak to average transmit power of 
multicarrier transmission system with selected 
mapping. A complete set of candidate signal is 
generated signifying the same information in selected 
mapping, and then concerning the most favorable 
signal is selected as consider to PAPR and 
transmitted. In the SLM, the input data structure is 
multiplied by random series and resultant series with 
the lowest PAPR is chosen for transmission. To allow 
the receiver to recover the original data to the 
multiplying sequence can be sent as ‘side 
information’. One of the preliminary probabilistic 
methods is SLM method for reducing the PAPR 
problem. The good side of selected mapping method 
is that it doesn’t eliminate the peaks, and can handle 
any number of subcarriers. The drawback of this 
method is the overhead of side information that 
requires to be transmitted to the receiver of the 
system in order to recover information [12]. 
 

 
Figure 1: SLM Block Diagram[9] 
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This is described in figure 1. X is the OFDM data 
block, B(i)’s are the phase vectors. X(i)’s are the 
modified data 
blocks in the frequency domain. x(i) are the 
equivalent time domain blocks. 

 
where u = 1, 2, . . . , U. and N is both the 
number of subcarriers and length of X [9]. 

Among the modified data blocks X(u), the 
one with the lowest PAPR is selected for 
transmission [9]. 
 

b. Partial Transmit Sequence (PTS) 
Partial Transmit Sequence (PTS) technique has been 
proposed by Muller and Hubber in 1997. This 
proposed method is based on the phase shifting of 
sub-blocks of data and multiplication of data 
structure by random vectors. This method is flexible 
and effective for OFDM system. The main purpose 
behind this method is that the input data frame is 
divided into non-overlapping sub blocks and each sub 
block is phase shifted by a constant factor to reduce 
PAPR. PTS is probabilistic method for reducing the 
PAPR problem. It can be said that PTS method is a 
modified method of SLM. PTS method works better 
than SLM method. The main advantage of this 
scheme is that there is no need to send any side 
information to the receiver of the system, when 
differential modulation is applied in all sub blocks 
[3]. 

 

Figure 2PTS-PAPR Reduction Scheme [13] 

In the PTS scheme as shown in figure 2, the input 
symbol sequence is partitioned into a number of 
disjoint symbol subsequences. IFFT is then applied to 
each symbol subsequence and the resulting signal 
subsequences are summed after being multiplied by a 
set of distinct rotating vectors. Next the PAPR is 
computed for each resulting sequence and then the 
signal sequence with the minimum PAPR is 
transmitted. As the number of subcarriers and the 
order of modulation are increased, reducing the 
computational complexity becomes more important 
than decreasing redundancy [13]. 
 

V. Proposed Algorithm and 
Results 

Proposed technique is developed for PAPR reduction. 
The proposed technique is compared with SLM 
technique. 
The proposed algorithm can be described in 
following steps: 
1. The sequence of data bits is modulated using 
QPSK to produce sequence symbols I0, I1………. 

2. These symbol sequences are divided into blocks of 
length 256(/N). Here, N(256)  is the number of sub-
carriers.  
3. Take IFFT and multiply each sub-block by 
choosing the random phase sequence from [1 -1 j –j]. 
4.  Output of Each block is multiplied (point wise 
multiplication) by U different phase sequence vector 
from [1 -1 j –j].  
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5. Transform the output of each block into time 
domain by taking IFFT. 
6. Select the one, which has the minimum PAPR. 
Simulation has been done in MATLAB. Figure3 and 
Figure 4 show the graphs for the complement 
cumulative distribution function (CCDF) of PAPR in 
original SLM and Proposed technique for the 
different cases of M=2,4,8 sub-blocks respectively. 

 

Figure 3CCDF Of PAPR In Proposed Technique 
Versus Standard SLM With M=2 Sub Blocks (N=256, 
L=4, QPSK Modulation). 

 

Figure 4: CCDF Of PAPR In Proposed Technique 
Versus Standard SLM With M=8 Sub Blocks (N=256, 
L=4, QPSK Modulation) 

VI. Conclusion And Future Scope 

The proposed scheme is used for PAPR reduction in 
OFDM system and compared the proposed scheme 

with SLM scheme. The simulation results show that 
the proposed scheme offer better PAPR reduction. 
The simulation result show that as the number of Sub 
blocks increases, the performance increases. We have 
compared the proposed, with SLM scheme. The 
Proposed technique offer better PAPR reduction 
performance compared with the existing techniques. 
It has been investigated that the performance of 
proposed technique also improves with the increase 
in number of sub-blocks. As the numbers of sub-
blocks increases the proposed-scheme give better 
PAPR reduction. Although the proposed scheme 
offers better PAPR reduction, further research work 
can be carried out to reduce the papr introducing the 
filtering or clipping in the scheme. Here, QPSK 
modulated signal have been considered for PAPR 
evaluation of OFDM signals. The PAPR reduction 
algorithms can be extended for higher order 
modulations and for higher number of sub-carriers to 
be utilized in other wireless standards. 
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