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Abstract—Orthogonal Frequency Division Multiplexing (OFDM) has been currently under intense
research for broadband wireless transmission due to its robustness against multi-path fading. In multi-
carrier modulation, the most commonly used technique is OFDM, it has recently become very popular in
wireless communication. The main drawback of OFDM is Peak to average power ratio (PAPR). This
paper present selective mapping (SLM) technique and partial transmit sequence (PTS) technique to
reduce PAPR. These proposed techniques show better performance to reduce PAPR.
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l. INTRODUCTION

Orthogonal frequency-division multiplexing (OFDM) [1] has drawn significant interests over past decade for its
robustness against the multipath fading channels. It is an effective high speed data transmission scheme without
using very expensive equalizers and it has been proposed as the air interface for broadband wireless applications
such as wireless local area networks (WLANSs). One of the major drawbacks of OFDM systems is that the
OFDM signal exhibits a high peak-to-average power ratio (PAPR) [2]. Such a high PAPR necessitates the linear
amplifier to have large dynamic range which is difficult to accommodate. OFDM systems, a few methods for
PAPR reduction have also been proposed, such as amplitude clipping and filtering coding technique, SLM
technique and PTS technique. The clipping technique employs clipping or nonlinear saturation around the peaks
to reduce the PAPR. It is simple to implement, but it may cause in-band and out-of-band interferences while
destroying the orthogonality among the sub-carriers. The coding technique is to select such code words that
minimize or reduce the PAPR. It causes no distortion and creates no out-of-band radiation, but it suffers from
bandwidth efficiency as the code rate is reduced. It also suffers from complexity to find the best codes and to
store large lookup tables for encoding and decoding especially for a large number of sub-carriers. In this paper
we apply SLM and PTS to reduce PAPR.

Il. PAPRor OFDM

The major problem that faces while implementing this system is the high PAPR of this system. A large PAPR
increases the complexity of the A/D and D/A converter and reduces the efficiency of the radio frequency (RF)
[3] power amplifier. PAPR is defined as the ratio of maximum value of power and the average value of power of
a given signal.

Peak to Average Power Ratio (PAPR) = (maximum power of a signal)/(Average power of a signal)
PAPR can be defined in db

PAPR (in db) = 10 log 10 * (maximum power of a signal) / (Average power of a signal)

The complex baseband OFDM signal for N subcarriers represented as

1 _ .
X() = 7= NZ3X,e/2™AT o< t < NT
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I1. SLM TECHNIQUE

In this technique whole set of candidate signal represent the same signal and then the most favourable signal is
chosen and then transmitted. The side information must be transmitted with the chosen signal. It generates the
set of favourable blocks at the transmitter end which represent the original information and then chooses the
most favourable block for transmission. Here the input block given by X=[X(0),X(1),.....X(N-1)] is multiplied
with U different phase sequences Pu=[P," ,P," ....Px."]" to produce a modified data block given by

X' = [X'[1], X" [2] X'[N-1]]"
The IFFT of U independent sequences are taken to produce the time domain sequences

X" = [X"[0], X"[1] X“[N-1]]" among which the one with the lowest PAPR[4] is selected for transmission.The
amount of PAPR reduction for SLM[5] depends on the number of phase sequences U and the proper design of
the phase sequences. The SLM technique is developed from the idea of symbol scrambling. Figure A shows the
SLM-OFDM system. SLM is existing distortion less peak-to-average power ratio reduction schemes that has
been proposed for orthogonal frequency division multiplexing. This is an effective and distortion less technique
used for the PAPR reduction in OFDM. The input QAM modulated input data sequence X is given as is
multiplied with the phase vector d,=exp(j2n®) . Where the phase sequence can be written as:
(I) = [ q)(), (I)l, q)z q)V-l] ®€[0,Q]

Here the phase vector is applied to reduce the PAPR. This phase vector is multiplied by the subcarrier of OFDM
for reduction the peak. Only the phase which phase vector have less peak is multiplied subcarriers. Transmitter
and receiver know the phase vector. The phase vector circularly rotates. The rotation which has minimum peak
is selected and send rotation number as side information. The benefit of this SLM[6] scheme is that there is very
less side information is used for reducing PAPR in OFDM systems.

Figure 1 shows the block diagram of SLM technique.
After multiplying the phase vector with subcarrier and taking IFFT[7] operation

1 N-1
X, = — X, *d,, e
n m; k U,k

jZTL'nk/

where x, is the OFDM symbol.
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Fig.1: Block diagram of SLM
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IV. PTSTECHNIQUE
The PTS [8] partitions an input block of N symbols into V disjoint sub blocks as
X:[XO "_Xl XV'I]T

I Necessay Side
Information To
Trammsit

Fig.2: Block diagram of PTS

Figure 2 shows the block diagram of PTS technique. Each partitioned sub block is multiplied by complex phase
JO(v)
vectorb, =¢ where v=1,2,V.

In this scheme the input data block S is partitioned into V disjoint sub-blocks as  S,=[S,,, S, L, SV,N.1]T
,1<=v<=V Thereby, each symbol S, is contained exactly in one part S,; the remaining symbols of S, are set to
zero. Then, each partitioned sub-block is multiplied by a corresponding complex phase factor b,=¢/*" | with
®(v)€[0,2w) and v=1,2,V, subsequently taking its IFFT to yield,
S,=IFFT {3 b,glFFT{S,}=>Dbs,
The phase vectors are selected so that the PAPR of the combined signal is minimized.
V. COMPARISON BETWEEN SLM AND PTS

In the PTS scheme, all the entries in S, are multiplied by the same rotation b,. It is clear that the PTS method is
a special case of the SLM[9] method. For PTS method, the number of rotation factor b, may be limited in a
certain range. W' accessorial information sequences are required in PTS-OFDM[10], where W denotes the
number of the phase factors. And the redundant bits of side information are as follows:

Ryp=(V-1) log, W

In SLM[11], U accessorial information sequences are required in OFDM with U vectors P, and the redundant
bits of side information are as follows:

Rgp=1ogy(U-1)
VI. CONCLUSION

High PAPR of transmitted signal is one of the major drawbacks of OFDM systems. In this paper we proposed
an alternative PAPR reduction technique based on combination of a selective mapping method with partial
transmit sequence method.
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