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ABSTRACT: In the last decade, wireless communications
have become increasingly popular as powerful and costeffective platforms for mobile communications. According
to the demand of wireless communications field there
should be high data rate in addition to both power
efficiency and lower bit error rate. This demand of high
data rate can be fulfilled by the single carrier modulation
with compromising the tradeoff between the power
efficiency and bit error rate. Again in the presence of
frequency selective fading environment, it is very difficult
to achieve high data rate for this single carrier modulation
with a lower bit error rate performance. With considering
an advance step towards the multi carrier modulation
scheme it is possible to get high data rate in this multipath
fading channel without degrading the bit error rate
performance. To achieve better performance using multi
carrier modulation we should make the subcarriers to be
orthogonal to each other i.e. known as the Orthogonal
Frequency Division Multiplexing (OFDM) most popular
technique. However, high peak to average power ratio
(PAPR) is a major drawback of this modulation
technique. Because high peak reduces the power efficiency
of the RF power amplifier at transmitter. This can be
avoided with increasing the dynamic range of power
amplifier which leads to high cost and high consumption
of power at the base station. This paper presents a
Selected Mapping (SLM) technique for reducing the peak
to average power ratio (PAPR) of OFDM .The proposed
scheme overcomes the disadvantages of existing reduction
techniques. Because of the scramble an input data block of
the OFDM symbols and transmit one of them with the
minimum PAPR, this scheme has the probability of
incurring high PAPR can be reduced. Moreover, the
proposed scheme does not suffer from the out-of-band
power, spectral efficiency and the complexity of
subcarriers.
Index Terms: OFDM, PAPR, SLM, IDFT

I.INTRODUCTION
The demand of high data rate services has been
increasing very rapidly. In wireless medium. Wireless
communications has many advantages, such as speed,
simplicity, mobility and flexibility, but in the same time
it suffers from, inter-symbol interference (ISI) and
multipath propagation (frequency selective fading). One
physical layer technique that has gained a lot of
popularities due to its robustness in dealing with these

impairments is multi-carrier modulation technique. In
multi-carrier modulation, the most commonly used
technique is Orthogonal Frequency Division
Multiplexing (OFDM); it has recently become very
popular in wireless communication. On the other hand,
OFDM suffers large envelope fluctuation which is
quantified as Peak to Average Power Ratio (PAPR).
Since power amplifier is used at the transmitter, for
reduction of this PAPR lot of algorithms have been
developed. All of the techniques have some sort of
advantages and disadvantages [1]. A high PAPR
makes the signal peaks move into the non-linear
region of the RF power amplifier which causes signal
distortion. A large PAPR increases the complexity of
the analog-to-digital and digital-to-analog converters
and reduces the efficiency of the RF power
amplifier. Recently, researchers have discovered
many techniques on PAPR reduction, for instances,
clipping, coding, and selected mapping (SLM) [2]
II. ORTHOGONAL FREQUENCY DIVISION
MULTIPLEXING (OFDM)
Orthogonal frequency division multiplexing (OFDM)
[3],[4] transmission scheme is a type of multichannel
system which avoids the usages of the oscillators and
band limited filters for each sub channel. The OFDM
technology was first conceptualized in the 1960s and
1970s. The main idea behind the OFDM is that since
low-rate modulations are less sensitive to multipath, the
better way is to send a number of low rate streams in
parallel than sending one high rate waveform. It divides
the frequency spectrum into sub-bands small enough so
that the channel effects are constant (flat) over a given
sub-band. Then a classical IQ (In phase quadrature
phase) modulation (BPSK, QPSK, M-QAM, etc) is sent
over the sub-band. If it designed correctly, all the fast
changing effects of the channel disappear as they are
now occurring during the transmission of a single
symbol and are thus treated as flat fading at the
receiver. A large number of closely spaced orthogonal
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subcarriers are used to carry data. The data is divided
into several parallel data streams or channels, one for
each subcarrier. Each subcarrier is modulated with a
conventional modulation scheme such as quadrature
Amplitude Modulation (QAM) or Phase Shift Keying
(PSK) at a low symbol rate. The total data rate is to be
maintained similar to that of the conventional single
carrier modulation scheme with the same bandwidth.
Orthogonal Frequency Division Multiplexing (OFDM)
is a promising technique for achieving high data rate
and combating multipath fading in Wireless
Communications. Orthogonal Frequency Division
Multiplexing is a special form of multicarrier
modulation which is particularly suited for transmission
over a dispersive channel. Here the different carriers are
orthogonal to each other, that is, they are totally
independent of one another. This is achieved by placing
the carrier exactly at the nulls in the modulation spectra
of each other as shown in Fig.1 and it can be seen that
at the center frequency of each subcarrier there is no
cross talk. The orthogonality of the carriers means that
each carrier has an integer number of cycles over a
symbol period. Due to this integer number of cycles,
the spectrum of each carrier has a null at the center
frequency of each of the other carriers in the system
that results in no interference between the carriers,
allowing them to be spaced as close as possible. The
problem of overhead carrier spacing required in
Frequency Division Multiplexing (FDM) can be
recovered. So this multicarrier transmission scheme
allows the overlapping of the spectra of subcarriers for
bandwidth efficiency [5].

partitioned into several subgroups and each group of
subcarriers is multiplied by a phase factor to reduce the
PAPR.
IV. PEAK TO AVERAGE POWER RATIO
The transmit signals in an OFDM system can have
high peak values in the time domain since many
subcarrier components are added via an IFFT operation.
Therefore, OFDM systems are known to have a high
PAPR (Peak-to-Average Power Ratio), compared with
single-carrier systems. In fact, the high PAPR is one of
the most detrimental aspects in the OFDM system, as it
decreases the SQNR (Signal-to-Quantization Noise
Ratio) of ADC (Analog-to-Digital Converter) and DAC
(Digital-to-Analog Converter) while degrading the
efficiency of the power amplifier in the transmitter. The
PAPR problem is more important in the uplink since
the efficiency of power amplifier is critical due to the
limited battery power in a mobile terminal. Low PAPR
makes the transmit power amplifier works efficiently,
Any non-linearity in the signal will cause distortion
such as inter-carrier interference (ICI) and inter symbol
interference (ISI) [8].The peak to average power ratio
(PAPR) of a continuous time signal is given by [8]
PAPR 

III. RELATED WORK
Many techniques have been proposed to reduce the
PAPR, Clipping scheme [6] is covered in signal
distortion technique i.e. parts of signal is clipped that
are outside the allowed region to reduce the PAPR.
Coding schemes [7] are also used but these have
drawbacks of using special decoders in receiver side..
Among the techniques, SLM technique is one of the
effective methods, where the OFDM subcarriers are
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system is an analog signal and the time domain samples
of the output from the inverse fast Fourier transform
(IFFT) is [8]
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Fig -1: OFDM Spectrum
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If the number of subcarriers (N) is large x[n]are zero
mean Gaussian random variables. And for x[n] complex
Gaussian the OFDM signal is Rayleigh distributed with
variance  n2 , and the phase of the signal is uniform.
The peak value of the signal that has Rayleigh
distribution will exceed any values with nonzero
probability. Thus the probability of the PAPR of the
discrete signal exceeds a threshold

P 0

 02
 n2
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by [8].

P( PAPR  P0 )  1  (1  e P0 ) 

N

(4)

Let us show how PAPR increases by increasing the
number of subcarriers N. Assume N Gaussian
independent and identically distribute (i.i.d) random
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0  n  N  1 with zero mean and unit
power. The average signal power En  ( x[n]2 ) is
variables Xn,

PAPR

and

selected

for

transmission

Xˆ  arg min 0u U [ PAPRX (u ) ]

[10],
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Thus, the maximum PAPR is N for N subcarriers.
V. SELECTED MAPPING (SLM)
This is most promising reduction technique used for
the PAPR reduction in OFDM. This technique indicates
that one sequence has to be selected out of a number of
sequences. According to the concept of discrete time
OFDM transmission we should make a data block
considering N number of symbols from the
constellation plot. Where N is the number of subcarriers
to be used. Then using that data block U number of
independent candidate vectors are to be generated with
the multiplication of independent phase vectors. The
first SLM scheme was introduced by Bauml, Fischer
and Huber in 1996 [9].The basic idea of this technique
is based on the phase rotation. The lowest PAPR signal
will be selected for transmission from a number of
different data blocks (independent phase sequences)
that have the same information at the transmitter. Fig. 2
shows a block diagram of SLM scheme [10].Let us
assume
that
the
original
input
data
T
sequences
X X 0, X 1 ,    X N 1  phase
 P u  P0( u ) , P1( u ) ,.....PN( u)1 



(u =0,1, u-1) After

T

receiving the acknowledgement it will be sent for the
validation.
U is the number of phase sequences
Both the input data and phase sequences have the same
length N (U = 0, 1…, U-1). .original input data
multiplied with independent phase sequences inverse
fast Fourier transform (IFFT) will be applied on each
sequence to convert the signal from frequency domain
to the time domain. The result from multiplication will
generate the data block of an OFDM system that has
different time domain signals, with length of U, and
different
PAPR
values,
T
 X u  X 0( u ) , X 1( u ) ,..... X N( u)1  .The last step is




comparing the PAPR among the independent data
blocks and the candidate with the lowest PAPR will be
selected for transmission. The following equation

Fig -2: Block diagram of SLM technique
Threshold Selected Mapping
The complex baseband of an OFDM signal that has
N subcarriers with Nyquist sample rate can be
expressed as [11],
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Where xi are the modulation symbols. The central
limit theorem shows that, if the number of subcarriers N
is large x(t ) , are zero mean Gaussian random
variables. And for x(t ) complex Gaussian the OFDM
signal is Rayleigh distributed with a variance of 0.5,
and the phase of the signal is uniform. The peak value
of the signals that have Rayleigh distribution will
exceed any values with nonzero probability. Let us
assume that the average power of x(t ) is equal to 1,
and is the independently and identically distributed
(i.i.d) Rayleigh random variables. The probability
density function of Z n is given by [11],

P( PAPR  z) FZ max ( z) N  (1  e Z ) N

(9)
The complementary cumulative distribution function
(CCDF) is used when PAPR value exceeds the
threshold. To find the probability that PAPR of an
OFDM signal exceeds the threshold Z, assume the
following complementary cumulative distribution
function (CCDF) [11],

P( PAPR  z )  1  (1  e  z ) N

(10)
In SLM technique each data block will create U
times phase sequences, if each mapping considered
statistically independent, then CCDF of the Peak to

expresses the optimal candidate X̂ that has the lowest
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Average Power Ratio (PAPR) in Selected Mapping
(SLM) will be,

P( PAPR  z )  (1  (1  e  z ) N )U

(11)
Where U is the number of phase sequences, N is the
number of subcarriers, and z is threshold.
As it can be seen from equations (10) and (11), they
derived when the number of subcarriers N is large and
the samples are independent with Nyquist sampling
rate. But, both equations don’t mention the
oversampled and band limited. It is because the fact that
the sampled signal does not need to have the maximum
point of the original signal. On other hand, it is
important to oversamples OFDM signals by
oversampling factor L to obtain better value of PAPR.
Tellado indicates that an oversampling of four is
adequate to reach the real PAPR values [12]. And it is
quite difficult to derive the solution of the peak power
distribution; therefore, Nee and Prasad show an
approximation to explain the probability of PAPR by
approximated N subcarriers and oversampling
distribution by α· N subcarriers without oversampling,
and they mention that when α =2.8 is the best value to
reach better PAPR when subcarriers N >64. The
approximation is shown below,

sequences U and subcarriers N. PAPR reduction
performances corresponding to10-3 probability of
clipping for different values of phase sequences U and
subcarriers N [13] has better PAPR reduction
performances corresponding to 10-4 .

Fig-3: PAPR Reduction for SLM where N =
64 and U = 1, 2, 4,8,16

P( PAPR  Z )  F ( z ) N  1  (1  e z ) . N  (11)

When PAPR value exceeds the threshold z, the
probability of PAPR for oversampling case can be
written as

P( PAPR  Z )  1  (1  e z ) . N 

(12)

P( PAPR  Z )  1  (1  e z ) . N 

(13)

U

VI.RESULTS AND DISCUSSIONS

Fig- 4: PAPR Reduction for SLM where N =

This section discusses PAPR reduction and it
indicates that large PAPR reduction is possible with
selected mapping scheme [13]. Figures 3, 4, 5, 6, and 7
respectively show the performance of peak to average
power ratio (PAPR) reduction of Selected Mapping
(SLM) schemes by using equation 11 for different
values of phase sequences U and subcarriers N. It is
clear from the figures that by increasing the number of
phase sequences U better PAPR reduction can be
obtained. For instance, figure 3 is a plot of PAPR
reduction curves for OFDM symbol where N=62. From
the figure it can be seen that when there is no SLM
which is at U=1 threshold needed to get good PAPR
reduction performance is 11.5, while for U = 16, only
6.5 is needed to get good PAPR reduction performance
10-3 , by assuming that probability of clipping is for
both cases. Table 1 gives an overview of several PAPR
reduction
performances
corresponding
to10-4
probability of clipping for different values of phase

128 and U = 1, 2, 4,8,16

Fig- 5: PAPR Reduction for SLM where N =
256 and U = 1, 2, 4,8,16.
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VII. CONCLUSION

Fig- 6: PAPR Reduction for SLM where N =
512 and U = 1, 2, 4,8,16

OFDM system has been discussed in this paper,
however high peak to average power ratio (PAPR) is a
major disadvantage of this modulation technique. There
were numerous reduction techniques presented to solve
high peak to average power ratio (PAPR) such as,
Signal distortion techniques, Coding Schemes, and
Symbol-scrambling techniques these has draw backs in
avoiding Side Information (SI) index along with the
selected OFDM signal.. Selected Mapping (SLM)
technique was the main focus of the paper. SLM is the
most promising reduction technique. It was also
mentioned that power saving could be achieved through
selected mapping. This paper also showed the
simulation results of OFDM symbol with and without
SLM. Results have shown that the proposed Selected
mapping (SLM) has better power saving can be
achieved when compared with existing techniques. It is
concluded that selected mapping (SLM) technique
reduces the PAPR by increasing the number of phase
sequences U and subcarriers N
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