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ABSTRACT

Orthogonal frequency division multiplexing (OFDM) tech-
nique is a promising technique to offer high data rate and 
reliable communications over fading channels. The main 
implementation disadvantage of OFDM is the possibility 
of high peak to average power ratio (PAPR). This paper 
presents a novel technique to reduce the PAPR using turbo 
coding and selective mapping (SLM). We show that the 
prob-ability of the PAPR of OFDM signal with 128
subcarriers exceeding 7 dB can be reduced from 70% to 

0.25% with bit error rate (BER) of 6 × 10
−5

 at signal to 
noise ratio (SNR) 4 dB.

1. INTRODUCTION

OFDM, orthogonal frequency division multiplexing, is a
multicarrier communication technique, where a single data 
stream is transmitted over a number of lower rate subcarriers. 
OFDM has become tangible reality, it has been employed for 
wire-line communications and also has been employed in 
wireless local area network (WLAN) e.g. IEEE 802.11. Other 
applications of OFDM are digital audio broad-casting (DAB) 
and digital video broadcasting (DVB).

Unfortunately, OFDM has the drawback of a 
potentially high peak to average power ratio (PAPR). 
Since a multicarrier signal consists of a number of
independent modulated subcarriers that can cause a large 
PAPR when the subcarriers are added up coherently.

To reduce the PAPR different techniques were 
proposed. These techniques can be categorized into the 
following, clip-ping and filtering [1], coding [2], phasing 
[3], scrambling [4], interleaving [5], and companding [6].

In this paper we propose and examine a technique for 
reducing the probability of a high PAPR, based on part on a 
method proposed in [7] and [8]. This technique is a variation 
of selective mapping (SLM) [7], in which a set of 
independent sequences are generated by some means from 
the original signal, and then the sequence with the lowest 
PAPR is transmitted. To generate these sequences we use 
turbo en-

coder. Using turbo coding will offer two advantages, 
significant PAPR reduction and astonishing bit error rate 
(BER) performance.

The rest of the paper is organized as follows: The 
problem of high PAPR of OFDM signal is briefly defined 
in section 2. Section 3. introduces the proposed technique. 
Some simulation results are shown in section 4. Finally, 
the conclusions are drawn in section 5.

2. PROBLEM DEFINITION

We suppose an OFDM transmission scheme, where a 
block of N complex symbols is first over-sampled using 
over sampling factor J and then transformed into time 
domain using the inverse fast Fourier transform (IFFT). 
This results in the following signal:

x(t) = √
1

   
N

 
−1

 sk e(j2π J
kt

N ) (1)
N

  k=0

where sk is the data to be transmitted and 1 < t < N J . The  

PAPR is defined as the ratio between the maximum
power occurring in OFDM symbol to the average power of
the same OFDM symbol:

P AP R = max|x(t)|
2

(2)

E[|x(t)|
2
]

where E[.] denotes expectation.

When the OFDM signal with high PAPR passes through a 
non-linear device, (power amplifier working in the satura-tion 
region), the signal will suffer significant non-linear dis-tortion 
[9]. This non-linear distortion will result in in-band distortion 
and out-of-band radiation. The in-band distortion causes 
system performance degradation and the out-of-band radiation 
causes adjacent channel interference (ACI) that af-fects 
systems working in the neighbor bands. To lessen the signal 
distortion, it requires a linear power amplifier with large 
dynamic range. However, this linear power amplifier has poor 
efficiency and is so expensive.
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3. SELECTIVE MAPPING USING TURB

The probability that, the PAPR of the 
exceeds a certain threshold λ is given by

P r{P AP R > λ} = 1 − (1 − e
−λ

)
N

In SLM it is assumed that, U statistical
alternative sequences, which represent the sam
are generated by some suitable means. The seq
lowest PAPR is selected for transmission.

The probability that, the lowest PAPR λl ex
threshold λ is given by

P r{λl  > λ} = (P r{P AP R > λ})
U

To generate these sequences linear feedbac
(LFSR) is used [10]. A LFSR is used to tran
before it is mapped to the orthogonal chan
sequences are generated by inserting different b

beginning of the data. This results in U =
sequences, where m is the length of the inserted
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passing the information bits through an inter
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cover the transmitted signal at the receiver s
decoder consists of two soft input soft output (
[12], an interleaver and de-interleaver. Figure 
system, turbo encoder and decoder.
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4. SIMULATION RE

The PAPR reduction and BER per
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where g1/g2 represents the forwa
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1
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Fig. 3. PAPR performance.

5. CONCLUSIONS

We have shown that, Turbo coding and SLM can be 
combined to reduce the PAPR of OFDM signal with quite 
moderate additional complexity. The advantage of the 
proposed scheme is that, the Turbo encoder is used for two 
purposes, error correction and PAPR reduction. This
reduces the hard-ware complexity of the system.
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