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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 x 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:

1

N-1
x(1) =x%l skewri'n) (1)
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(1)/ )

D]

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 TURBO CODING

The probability that, the PAPR of the OFDM signal
exceeds a certain threshold A is given by

—A
PrPAPRs =1 —(1— N
In SLM it is assumed that, U statistically independent
alternative sequences, which represent the same information,
are generated by some suitable means. The sequence with the
lowest PAPR is selected for transmission.
The probability that, the lowest PAPR Ayexceeds a certain
threshold A is given by
v
PriA; > A} = (Pr{P AP R > A)) 4)
To generate these sequences linear feedback shift register
(LFSR) is used [10]. A LFSR is used to transform the data

before it is mapped to the orthogonal channels. Different
sequences are generated by inserting different bits labels at the

beginning of the data. This results in U = oM different
sequences, where m is the length of the inserted bits.

Turbo codes [11] are parallel concatenated convolution
codes in which the information bits are first encoded by a re-
cursive systematic convolutional (RSC) code and then, after
passing the information bits through an interleaver, are en-
coded by a second RSC code. Turbo decoder is used to re-
cover the transmitted signal at the receiver side. The Turbo
decoder consists of two soft input soft output (SISO) mod-ules
[12], an interleaver and de-interleaver. Figure 1 shows a turbo
system, turbo encoder and decoder.

In this paper, instead of using LFSR, we use turbo en-
coder to generate different sequences and the sequence with
the lowest PAPR is selected for transmission. The differ-ent
sequences are generated by inserting different bits labels at the
beginning of the data. Figure 2 shows the transmit-ter side of
an OFDM system, where the turbo coding and SLM are used

for PAPR reduction. For each bits labels b,
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i=1,2,.. U, where b;a sequence of m bits, the turbo

en-coder will generate a sequence x;, /= 1,2, ..., U. The

sequence that has the lowest PAPR will be selected for
trans-mission. At the receiver side, the receiver dose not
need any side information and the bits labels are
discarded after decoding.

4. SIMULATION RESULTS

The PAPR reduction and BER performances of the pro-
posed scheme are examined by computer simulation. In the
simulation we consider an OFDM signal with N/ = 128
subcarriers, Quadrature phase shift keying (QPSK) map-
ping, and turbo code with two RSC encoders each has a
constraint length K= 4 with generator polynomial 15/17,

where g1/go represents the forward/backward generator
polynomials in octal base. Puncturing is used to increase
the overall code rate to R = 2 . To obtain accurate PAPR
calculations the signal is over sampled, J = 8. Additive
white gaussian noise (AWGN) channel is assumed. At the
receiver side logarithmic maximum a posteriori probability
(log-MAP) algorithm is used to implement the SISO mod-
ules.

Figure 3 shows the complementary cumulative
distribution function (CCDF) of the PAPR of the OFDM
signal, where turbo coding and SLM are used for PAPR
reduction. The CCDF of the PAPR without SLM is also
shown (U=1). Clearly, the probability of high PAPR is
reduced significantly as the number of sequences
increases. When ( = 1, the probability of the PAPR
exceeding 7 dB is 70% and with turbo coding and SLM,
with /= 32, the probability of the PAPR exceeding 7 dB

can be reduced to 0.25%. The simulation results agree
with the results obtained by the approximation in equation
(4) with small differences. These small differences due to
the fact that, equation (4) was de-rived with the
assumption that, the samples are mutually un-correlated
which is not true any more when over sampling is
applied.

The BER performance of the proposed scheme is also
shown in Figure 4 for number of iterations 1, 2 and 5.
With 5 iterations the probability of bit error is reduced to

6x10 " at SNR 4 dB.
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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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