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Abstract: Orthogonal Frequency Division Multiplexing (OFDM) is a very attractive technique for high-data-rate
transmission in wireless and wired applications. One major disadvantage of OFDM is that the time domain OFDM signal
which is a sum of several sinusoids leads to high peak to average power ratio (PAPR). Number of techniques has been
proposed in the literature for reducing the PAPR in OFDM systems. In this paper two techniques proposed for reducing the
PAPR are Selected Mapping (SLM) and Partial Transmit Sequence (PTS). The reduction of peak to average transmit power
ratio of multicarrier modulation systems, called selected mapping, which is appropriate for a wide range of applications.
Significant gains can be achieved by selected mapping where as complexity remains quite moderate. The partial transmit
sequences (PTS) scheme achieves an excellent peak-to-average power ratio (PAPR) reduction performance of orthogonal
frequency division multiplexing (OFDM) signals at the cost of exhaustively searching all possible rotation phase
combinations, resulting in high computational complexity. The simulation results show that the performance of SML and
PTS and compare between them.
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I. INTRODUCTION
OFDM (Orthogonal Frequency Division Multiplexing) is a
multicarrier modulation that is implemented in many recent
wireless applications due to its ability to combat impulsive
noise and multipath effects and make better use of the
system available bandwidth. It has been adopted for the
European Digital Audio Broadcasting (DAB) [1] and Digital
Video Terrestrial Broadcasting (DVB) standards, it has been
proposed for UMTS (Universal Mobile Telecommunication
Systems) [2] and it has just been standardized for new
wireless LAN generations (HIPERLAN: High Performance
Radio LAN. OFDM offer high spectral efficiency, immune
to the multipath delay, low inter-symbol interference (ISI),
immunity to frequency selective fading and high power
efficiency. Due to these merits OFDM is chosen as high data
rate communication systems such as Digital Video
Broadcasting (DVB) and based mobile worldwide
interoperability for microwave access (mobile Wi-MAX)[3].
The basic principle of OFDM is to split a high-rate data
stream into a number of lower rate streams that are
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transmitted simultaneously over a number of subcarriers.
These subcarriers are overlapped with each other. Because
the symbol duration increases for lower rate parallel
subcarriers, the relative amount of dispersion in time caused
by multipath delay spread is decreased. Inter-symbol
interference (ISI) is eliminated almost completely by
introducing a guard time in every OFDM symbol[4].
The entire data stream of OFDM is divided into different
blocks of N symbols each. Each block is multiplied with U
different phase factors to generate U modified blocks before
giving to IFFT block. Each modified block is given to
different IFFT block to generate OFDM symbols. PAPR is
calculated for each modified block and select the block
which is having minimum PAPR ratio. This technique can
reduce PAPR considerably. But this technique will increase
circuit complexity since it contains several IFFT
calculations. In SLM method, firstly M statistically
independent sequences which represent the same
information are generated and then the resulting M
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statistically independent data blocks Sm= [Sm,0 ,Sm,1 ..Sm,NT
1] , M= 1,2,.....M are then forwarded into IFFT operation
simultaneously. Finally, at the receiving end, OFDM
symbols Xm = [x1 , x2 ........xN ]T in discrete time domain are
acquired and then the PAPR of M vectors are calculated
separately. Eventually, the sequences xd with the smallest
PAPR will be elected for final serial transmission [5]. In
PTS technique, an input data block of N symbols is
partitioned into disjoint sub blocks. The subcarriers in each
sub block are multiplied by a phase factor .The phase factors
are selected such that the PAPR of the sub blocks is
minimized. Optimization techniques used to select the phase
factors in order to achieve the above objective. Each of the
sub blocks having the minimum PAPR and hence the
combined signal of the different sub blocks is having the
minimized PAPR[6].
In this paper we have investigate the performance of
Selection Mapping Technique (SLM) and Partial
Transmission Sequence (PTS) for PAPR reduction and
compare between them.
II. OFDM SYSTEMS
OFDM is a multiplexing technique that subdivides the
bandwidth into multiple frequency sub-carriers. In an
OFDM system, the input data stream is divided into several
parallel sub-streams of reduced data rate (thus increased
symbol duration) and each sub-stream is modulated and
transmitted on a separate orthogonal sub-carrier. The
increased symbol duration improves the robustness of
OFDM to delay spread. The sub-carrier frequencies are
chosen so that the sub-carriers are orthogonal to each other,
meaning that cross-talk between the sub-channels is
eliminated and inter-carrier guard bands are not required [7].
This greatly simplifies the design of both the transmitter and
the receiver. However OFDM requires very accurate
frequency synchronization between the receiver and the
transmitter; with frequency deviation the sub-carriers will no
longer be orthogonal, causing Inter-Carrier Interference
(ICI) [8].
The primary advantage of OFDM over single-carrier
schemes is its ability to cope with severe channel conditions
(for example, attenuation of high frequencies in a long
copper wire, narrowband interference and frequencyselective fading due to multi-path) without complex
equalization filters. Channel equalization is simplified
because OFDM may be viewed as using many slowly
modulated narrowband signals rather than one rapidly
modulated wideband signal. By converting a single high
frequency carrier to several sub-carriers, OFDM enhances
the ability to cope with frequency selective fading effects
and narrow bandwidth interference. The orthogonal property
also greatly simplifies the design of both transmitter and
receiver. A receiver can detect every sub-carrier data, which
commonly is done via Fast Fourier Transform (FFT).
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Therefore a separate filter for each sub channel is not
required. However, in practice, the sub-carriers are
modulated in different amplitude and phase [9].

Figure 1: Block diagram of a OFDM system
An OFDM transmitter can be implemented by using inverse
fast Fourier transform (IFFT) and the output of IFFT block
is a time domain signal. The output of IFFT(OFDM signals)
have an inherent difficulty that it may exhibit a very high
peaks since it is generated by the addition of several
independently modulated signal. The power of these large
peaks will be very high compared to the average power of
the signal. Hence peak to average power ratio is very high
which is considered as the major disadvantage of the OFDM
technique. These large peaks cause saturation in power
amplifiers which is placed at the front end of the transmitter
and leads to nonlinear distortions [6].
The OFDM system suffers from different drawbacks. Since
the OFDM signal is a combination of several modulated sub
carriers, the signal may have large peak power, which makes
the Peak-to-Average Power Ratio (PAPR) also large. High
PAPR results in reduction of efficiency of the Power
Amplifier. The OFDM transmission exploits the strict
orthogonality of each sub carrier, which makes OFDM
sensitive to frequency offsets and phase noise. The basic
modulation algorithms and other adaptive modulation
techniques also increase the complexity of computations. In
the modern OFDM transceiver, the RF electronic devices
have several different impairments known as "dirty RF". The
impairments that have major impacts on the system
performance are: Nonlinear high power amplifier, Phase
noise, PAPR Problem and In-phase and Quadrature (I/Q)
imbalances [10-11].
III. PAPR OF OFDM SIGNAL
In OFDM systems, a fixed number of successive input data
samples are modulated first (e.g. PSK or QAM), and then
jointly correlated together using IFFT at the transmitter side.
IFFT is used to produce orthogonal data subcarriers.
Mathematically, IFFT combines all the input signals
(superposition process) to produce each element (signal) of
the output OFDM symbol [3]. The time domain complex
baseband OFDM signal can be represented as
Xn=

1
𝑁
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Where xn is the n-th signal component in OFDM output
symbol, Xk is the k-th data modulated symbol in OFDM
frequency domain, and N is the number of subcarriers.
The PAPR (in dB) of the transmitted OFDM signal can be
defined as [2]:
max 
[|𝑥(𝑡)|2 ]

PAPR=

𝐸[|𝑥|2 ]

,

0≤t≤T

Assuming that M-OFDM symbols carry the same
information and that they are statistically independent of
each other. In this case, the probability of PAPR greater than
Z is equals to the product of each independent probability.
This process can be written as
P{PAPRlow>Z}=(P{PAPR>Z})M=((1-exp(-Z))N)M

(2)

(6)

In selection mapping method, firstly M statistically
Where E[·] is the expected value operator. The theoretical independent sequences which represent the same
maximum of the PAPR for N number of subcarriers is as information are generated, and next, the resulting M
follows:
statistically independent data blocks Sm=[Sm,o,Sm,1,…..Sm,NT
1] for m=1,2,...,M are then forwarded into IFFT operation
PAPRmax=10log(N)dB
(3)
simultaneously. Xm=[x1,x2,….xN]T in discrete time-domain
are acquired and then the PAPR of these M vectors are
PAPR is a random variable, because it is a function of the calculated separately. Eventually, the sequences xd with the
input data and the input data are random variable. Therefore smallest PAPR is selected for final serial transmission. FigPAPR can be calculated by using level crossing rate theorem 2 shows the basic block diagram of selection mapping
that calculates the average number of times that the envelope technique for suppressing the high PAPR.
of a signal crosses a given level. Knowing the amplitude
distribution of the OFDM output signals, it is easy to
compute the probability that the instantaneous amplitude
will be above a given threshold and the same goes for
power[12],[13]. This is performed by calculating the
complementary cumulative distribution function (CCDF) for
different PAPR values as follows:
CCDF=Pr(PAPR>PAPR0)

(4)

IV. PAPR REDUCTION TECHNIQUES
Researchers have been proposed several PAPR reduction
techniques. These techniques are divided into two groups.
There are signal scrambling techniques and signal distortion
techniques. Block coding techniques selected mapping
(SLM) [16], partial transmit sequence (PTS) [15] etc are
signal scrambling techniques. Signal distortion techniques
are peak windowing, envelope scaling, peak reduction
carrier , clipping and filtering.

Figure 2. The Block Diagram of Selected Mapping
Technique
VI. PARTIAL TRANSMITS SEQUENCE (PTS)
Partial Transmit Sequence (PTS) algorithm is a technique
for improving the statistics of a multicarrier signal. The
basic idea of partial transmit sequences algorithm is to
divide the original OFDM sequence into several subsequences and for each sub-sequences multiplied by
different weights until an optimum value is chosen.

V. Selection Mapping Technique (SLM):
The SLM technique was first described by Bauml et al. [17].
In the SLM, the input data sequences are multiplied by each
of the phase sequences to generate alternative input symbol
sequences. Each of these alternative input data sequences is
made the IFFT operation, and then the one with the lowest
PAPR is selected for transmission [18].
The CCDF of the original signal sequence PAPR above
threshold PAPR0 is written as Pr(PAPR>PAPR0) . Thus for
K statistical independent signal waveforms, CCDF can be
written as
[Pr(PAPR>PAPR0)]R . So the probability of
PAPR exceed the same threshold. The probability of PAPR
larger than a threshold Z can be written as
P(PAPR<Z)=F(Z)N=(1-exp(Z))N
(5)
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Figure 3: The Block diagram of PTS Technique
The Block diagram of conventional PTS is shown in Fig.3.
The basic principles of practical partial transmit sequence
(PTS) is as follows. First of all, we use vector data X to
define the symbols. Second, divided this vector into M
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groups, denoted by { Xm, m=1, 2… M}. Then the M group phase value, which impacts the complexity and the subsummed up as follows [12-15]:
block partition schemes.
𝑋(𝑏) = 𝑀
𝑏
𝑋
(7)
𝑚 =1 𝑚 𝑚
Where, {bm , m=1, 2… M} is the weighted coefficient, so
that, bm=𝑒 𝑗𝜑𝑚 , 𝜑𝑚 =[0,2π] which are considered auxiliary
information. Then we adopt IDFT (Inverse Discrete Fourier
Transform) to 𝑋(𝑏), so we obtain 𝑋(𝑏)=IDFT{𝑋(𝑏)}.
Referred to the IDFT instruction, we use of M separate IDFT
given as follows:
𝑋(𝑏)=

𝑀
𝑚 =1 𝑏𝑚 .IDFT{XM}=

𝑀
𝑚 =1 𝑏𝑚 𝑋𝑚

(8)

Choose appropriate weighted-coefficients {bm=1,2… ,M}
corresponding to minimum PAPR of sequence X (b)
described as follows :

Figure 5. PAPR reduction of PTS Scheme with BPSK and
QPSK modulation

𝑎𝑟𝑔𝑚𝑖𝑛
2
(𝑚𝑎𝑥1≤𝑛≤𝑁 | 𝑀
𝑚 =1 𝑏𝑚 . 𝑋𝑚 |) (9)
{𝑏1 , 𝑏2 , … . , 𝑏𝑚
Where, argument (.) represents the sentence condition which
makes the function to achieve the minimum value. Thus we
use M-1 IDFT to search the optimized weight coefficients {
bm} and to achieve the purpose of reducing the PAPR value
in OFDM system [19].
{b1,b2,,bm}=

VII. SIMULATION AND RESULTS
The complementary cumulative distribution function
(CCDF) of the PAPR is the most commonly used
performance measures for PAPR reduction techniques. In
SML, instead of applying reference data symbols for
synchronization and channel estimation only, carefully
selected codeword’s can be transmitted on the pilot Figure 6: Performance compared for SLM and PTS methods.
subcarriers caring additional information about the selected
vector mask for PAPR minimization. Thus, no additional
CONCLUSIONS
side information is needed to be sent to the receiver in order
to recover OFDM data blocks.
OFDM has been seen as the core technique of the future
communication systems because it has many advantages. On
the other hand, the OFDM system suffers from different
drawbacks. High PAPR results in reduction of efficiency of
the Power Amplifier. In this paper proposed PAPR reduction
techniques are Selection Mapping Technique (SLM) and
Partial Transmission Sequence (PTS). Although SLM and
PTS are important probabilistic schemes for PAPR
reduction, SLM can produce independent multiple frequency
domain OFDM signals, whereas the alternative OFDM
signals generated by PTS are independent. PTS divides the
frequency vector into some sub-blocks before applying the
phase transformation. Therefore some of the complexity of
Figure 4: PAPR of the OFDM signal with and without SLM technique
several full IFFT operations can be avoided in PTS, so it is
more advantageous than SLM if amount of computational
Now discussed the simulation result for PTS technique, there complexity is limited. It is clear that PTS method is special
are varying parameters which impact the PAPR reduction case of SLM method. For PTS method, the number of
performance these are: The number of sub-blocks, which rotation factors may be limited in certain range. The two
influences the complexity strongly, the number of possible typical signal scrambling techniques, SLM and PTS are
Copyright to IJARCCE
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investigated to reduce PAPR, all of which have the potential
to provide substantial reduction in PAPR. PTS method
performs better than SLM method in reducing PAPR.

[19] Gaber Ahmed Mahmoud Maha , H. H. M. , Nelly** M.Hussien
Ghouz,” Novel PAPR Reduction Technique Based On Conventional Partial
Transmit Sequence (PTS)” International Journal of Engineering &
Technology IJET-IJENS Vol:12 No:06

REFERENCES

BIOGRAPHIES

[1] B. Le Floch, R. H. Lassalle, and D. Castelain, “Digital sound
broadcasting to mobile receivers,” IEEE Trans. Consumer Electronics, vol.
35, no. 3, pp. 493–503, Aug. 1989.
[2] J. Van de Beek et al., “On synchronization in an OFDM based UMTS
proposal,” in Proc. COST 254 (Emergent Techniques for Communication
Terminals, Toulouse, France, July 1997.
[3] Suverna Sengar, Partha Pratim Bhattacharya,” PERFORMANCE
IMPROVEMENT IN OFDMSYSTEM BY PAPR REDUCTION,” Signal
& Image Processing : An International Journal (SIPIJ) Vol.3, No.2, April
2012 Department of Electronics and Communication Engineering, Faculty
of Engineering and Technology, Mody Institute of Technology & Science
(Deemed University),Lakshmangarh, Dist – Sikar, Rajasthan, Pin – 332311,
INDIA
[4] Jenn-Kaie Lain, Shi-Yi Wu and Po-Hui Yang,” PAPR reduction of
OFDM signals using PTS: a real-valued genetic approach”,
[5] Seung Hee Han, Student Member, IEEE, and Jae Hong Lee, Senior
Member, IEEE” Modified Selected Mapping Technique for PAPR
Reduction of Coded OFDM Signal,” IEEE TRANSACTIONS ON
BROADCASTING, VOL. 50, NO. 3, SEPTEMBER 2004
[6] Namitha.A.S, Amrita Vishwa Vidya Peetham, Sudheesh.P” Improved
Precoding Method for PAPR Reduction in OFDM with Bounded
Distortion”, International Journal of Computer Applications (0975 – 8887)
Volume 2 – No.7, June 2010
[7]. Keith E. Nolan, “Reconfigurable OFDM systems”, Department of
Electronic and Electrical Engineering, University of Dublin, Trinity college,
Dublin, 2005.
[8]. Zheng Chang, “OFDM Interference Analysis with 'Dirty RF”, Helsinki
University of Technology, ESPOO, May 2009.
[9]. P. J. Mathecken, “Performance Analysis of OFDM with Wiener Phase
Noise and Frequency Selective Fading Channel”, Department of Signal
Processing and Acoustics, Aalto university, Espoo, December 29, 2010.
[10]. Mohammad Azizul Hasan, “Performance Evaluation of
WiMAX/IEEE 802.16 OFDM Physical Layer”, Helsinki University of
Technology, June 2007. [11]. J.J. van de Beek, P. Odling, S.K. Wilson, P.O.
Borjesson, “Orthogonal Frequency-Division Multiplexing (OFDM)”,
Division of Signal Processing, Lulea University of Technology, Lulea,
Sweden.
[12] Pawan Sharma, Seema Verma,” Performance Analysis of Peak-toAverage Power Ratio Reduction Techniques for Wireless Communication
Using OFDM Signals”, IJCSI International Journal of Computer Science
Issues, Vol. 7, Issue 6, November 2010 , ISSN (Online): 1694-0814
www.IJCSI.org
[13] Guillem Rojo, Milica Stojanovic,” Peak-to-Average Power Ratio
(PAR) Reduction for Acoustic OFDM Systems”
[14] Wang Yi Gu linfeng “An Investigation of Peak-to- Average Power
Reduction in MIMO-OFDM Systems”, Blekinge Institute of Technology,
October 2009.
[15] Md. Abdullah Al Baki, Mohammad Zavid Parvez “Peak To Average
Power Ratio (PAPR) Reduction In OFDM Based Radio Systems” Blekinge
Institute of Technology, May 2010.
[16] Bauml, R.W, Fischer, R.F.H and Huber, J.B, “Reducing the peak-toaverage power ratio of multicarrier modulation by selected mapping,” IEEE
Electronic Letters, vol. 32, October 1996.
[17] M. Park, J. Heeyong, J. Cho, N. Cho, D. Hong and C. Kang, “PAPR
Reduction in OFDM Transmission Using Hadamard Transform,” IEEE
International Conference on Communications, Vol. 1, June 2000, pp. 430433.
[18] Zhongpeng Wang,” Reduction PAPR of OFDM Signals by Combining
SLM with DCT Transform”, Int. J. Communications, Network and System
Sciences, 2010, 3, 888-892 doi:10.4236/ijcns.2010.311120 Published
Online November 2010 (http://www.SciRP.org/journal/ijcns)
Copyright to IJARCCE

Md. Kislu Noman received the B.Sc. and
M.Sc. degrees in Computer Science and
Engineering from Islamic University,
Bangladesh. He is now working as
Lecturer at Dept. of CSE, Pabna Science
& Technology University, Pabna,
Bangladesh. His research interest areas
are wireless communication, Wimax, OFDM , Digital signal
processing, Digital Image processing and pattern
recognition.
Md. Mojahidul Islam received the B.Sc.
and M.Sc. degrees in Computer Science
and Engineering from Islamic University,
Bangladesh. He is now working as
Assistant Professor at Dept. of Computer
Science and Engineering, Islamic
University, Bangladesh. He previously
worked as scientific officer in Bangladesh Atomic Energy
Commission. His research interest areas are pattern
recognition, wireless communication, medical image
processing, e-learning, e-governance.
Md. Shafiul Azam received the B.Sc.
and M.Sc. degrees in Computer Science
and
Engineering
from Rajshahi
University, Bangladesh. He is now
working as Assistant Professor &
Chairman at Dept. of CSE, Pabna
University Science & Technology,
Pabna, Bangladesh His research areas
are: Image Processing, signal processing, wireless
communications etc.

www.ijarcce.com

Nur Hossain Khan received the B.Sc.
and M.Sc. degrees in Computer Science
and
Engineering
from
Islamic
University, Bangladesh. His research
interest
areas
are
wireless
communication,
Digital
signal
processing, Digital Image processing and
pattern recognition etc.

4463

