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Abstract
Wireless communications is regarded as the mgsoiitant development with wide range of applications
Advances and development in this field aim for fast reliable communication. Orthogonal frequenaisgbn
multiplexing signal provides high spectral effiodgnand ease of implementation. But it suffers frioigh peak to
average power ratio. This paper presents the effedipping ratio on bit error rate performance &clipping and

filtering technique, which is widely used to redinigh peak to average power ratio.
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Introduction

Ortho frequency division multiplexing (OFDM)
is an extension of frequency division multiplexing
(FDM) [1]. FDM divides the available bandwidth into
many narrow sub bands and uses a large number of
parallel narrow band subcarriers. The use of oxhay
subcarriers allows the subcarriers spectra to apefue
to orthogonality it is possible to recover the indual
subcarriers signals despite the overlapping spestch
thus there is no need of guard intervals as reduine
FDM [2]. Orthogonal subcarriers usage also helps to
decrease the implementation complexity of both
transmitter and receiver.
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Fig.1. Comparison of FDM and OFDM

The available bandwidth is utilized very
efficiently in OFDM systems without causing the ICI
(inter-carrier interference). By combining multipiew-
data-rate sub-carriers, OFDM systems can provide a
composite high-data-rate with a long symbol duratio
OFDM system has advantages of high spectral
efficiency, Simple implementation by Fast Fourier
transform (FFT), Low receiver complexity, robustliap
for high data rate transmission over multipath rigdi
channel, high flexibility in terms of link adaptaii, low
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complexity multiple access schemes such as ortla@gon
frequency multiple access (OFDMA).But it suffererfr
relatively higher peak to average power ratio. High
PAPR is serious problem arising for an OFDM system
[3-7]. If the signal comprises the sum of N sindsoi
each of maximum amplitude A, then it is possiblat tht
some point all sinusoids will be added with the
maximum amplitudes and the amplitude of resulting
signal at this point will be NA. These large pedisturb
out of band energy and therefore increase in-banisen
and can cause the saturation in power amplifieegjihg

to increasing Bit error rate (BER) when the sigmas to

go through the amplifier non-linearity. Therefoit,is
desirable to reduce the PAPR. PAPR can be defined
mathematically as:

2
max|s()|
PAPR =M1l

E{|(0) [}
Where s (1) is the modulated OFDM signal and Ed} i
the expected value or average value. For largecgatti
N assuming that s (t) is the sum of N sinusoidss it
possible to apply the central limit theorem to % [
accordance with central limit theorem the real and
imaginary part of s (t) have the Gaussian distriyutin
accordance with central limit theorem the real and
imaginary part ofs(t) have the Gaussian distribution.
That means the amplitude of the OFDM signal has a
Rayleigh distribution with zero mean and a variante
Nv, wherev is the variance of one subcarrier. Then the
cumulative distribution function (CDF) for the PARIRr
OFDM symbol is given by:
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The expression (2) confirms that large peaks oqaite
rarely. However, even rare large peaks can disigrtal
significantly. Clipping and filtering is widely udeto
suppress high PAPR [10-11]. In this paper bit erede
(BER) performance of clipping and filtering techunéq
has been investigated.

Clipping and Filtering

In PAPR reduction schemes clipping, being
considered the simplest, limits the maximum of $rait
signal to a pre-specified level. Clipping ha disatages
of BER performance degradation which occurs because
of the in-band signal distortion caused by Clippamgl
Out-of-band radiation is caused by clipping impgsin
out-of-band interference signals to adjacent chianne
The out-of-band signals caused by clipping can be
reduced by filtering it may affect high-frequency
components of in-band signal (aliasing) when the
clipping is performed with the nyquist samplingeran
the discrete-time domain. But if clipping is perfard for
the sufficiently-oversampled OFDM signals
(e.g..L=4) in the discrete-time domain before a low-
pass filter (LPF) and the signal passes througlaradb
pass filter (BPF), the BER performance will be less
degraded [12]Peak re-growth is the problem faced by
the system when filtering the clipped signal isdise
reduce out-of-band radiation. The signal afterefitig
operation may exceed the clipping level specifiedtiie
clipping operation [36]. PAPR reduction schemengsi
clipping and filtering is shown in Figure 2 wherédd the
oversampling factor and N is the number of subegsri
In this scheme, the L-times oversampled discrete-ti

signal X'[m] is generated from the IFFTX K] with

N [[L —1) zero-padding in the frequency domain) and
is then modulated with carrier frequenc& to yield a
pass band sign®”[N] . Let Xx°[m] denote the clipped

version ofX’[N , which is expressed as:
-A xP m]s-A
XP[m =4x ] |x[ni|<A @

A xPm]= A
Or
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x°[m]| if|x" mj<A
x;[mi = xIm] otherwise
|x"[m]|
@)

where A is the pre-specified clipping level. Noteatt
Equation (4) can be applied to both baseband comple
valued signals and passband real-valued signalge wh
Equation (3) can be applied only to the passhagbss.
Let us define the clipping ratio (CR) as the clmpievel
normalized by the RMS value s of OFDM signal, such
that
A

CR=— )
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Fig. 2 Block diagram of a PAPR reduction scheme using
clipping and filtering

Simulation Results

Crest factor being the square root of PAPR
facilitates in determining the PAPR distributionherl
BER performance is shown in Fig 3.
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Fig 3 BER Performance of OFDM signal

From the analysis of the PAPR results presented

above it can be concluded that the PAPR of the OFDM
signal decreases significantly after clipping. Woid out
of band radiations caused by clipping, filteringdisne,
which increases the PAPR. The BER performance

becomesvorse as the clipping ratio decreases.

Conclusion

Due to its high spectral efficiency, OFDM is

becoming popular choice these days. But OFDM ssiffer
from high PAPR. High PAPR can be reduced using
clipping and filtering. Simulation results show tha the
clipping ratio increases, BER performance of OFDM
signal degrades.
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