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Impact of Clipping and Filtering on Peak to Average Power Ratio of
OFDM System
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Abstract— Orthogonal Frequency Division Multiplexing
(OFDM) is an emerging field of research in the field of 4G
broadband wireless communications due to its robustness
against multipath  fading and relatively  simple
implementation. Peak to Average Power Ratio (PAPR) is
the limiting factor for an OFDM system as it consists of
large number of independent subcarriers as a result of which
the amplitude of such a signal can have high peak values
which degrades the system performance. Such a signal when
amplified by a Power Amplifier without processing results
spectral regrowth and intermodulation among subcarrier.
Hence this non linearity destroys the orthogonally of the
OFDM signal and introduces out-of-band radiation and in
band distortions  causing  significant  performance
degradation. The clipping and filtering method is analysed
which is an efficient and simple method to reduce the
PAPR. We have shown the effects of clipping and filtering
on the performance of OFDM, including the power spectral
density, the crest factor, and the bit-error rate.
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I. INTRODUCTION

OFDM is a multi-carrier modulation (MCM) technique with
densely spaced sub-carriers in which data-transmission is
done by dividing a high-bit rate data stream is several
parallel low bit-rate data streams and using these low bit-
rate data streams to modulate several carriers. So
multicarrier transmission combat with selective fading and
has delay-spread tolerance and spectrum efficiency that
encourage  their use in  untethered broadband
communications. OFDM  eliminates inter  symbol
interference through use of a cyclic prefix and by using
adequate channel coding and interleaving one can recover
symbols lost due to the frequency selectivity of the channel.
It is computationally efficient by using FFT techniques to
implement the modulation and demodulation functions and
provides good protection against co-channel interference
and impulsive parasitic noise. So recent communication
systems such as IEEE 802.11 wireless LAN, Integrated
Services Digital Broadcasting for Terrestrial (ISDB-T) uses
OFDM in order to satisfy the demand for high data rate
transmission.

One of the major drawbacks of multicarrier signals with a
large number of subchannels is its waveform with a very
high peak-to-average power ratio (PAPR).OFDM signals
therefore cause problems such as a extra power penalty at
the transmitter, which is prohibitive for use in portable
wireless systems where the terminals are powered by
battery. The high PAPR limits its capacity due to the
distortion caused by the nonlinear characteristics of both the
Analog-to-digital converter (ADC) and high-power
amplifier (HPA).

Clipping of the OFDM signal is a simple and efficient way
of controlling the PAPR. The large peaks occur with a low
probability so clipping could be an effective technique for
the reduction of the PAPR. Clipping is a non-linear
operation, and may cause significant in-band distortion
which degrades the bit-error-rate (BER) performance, and
out-of-band noise, which reduces the spectral efficiency.
The out-of-band radiation and spectral splatter is reduced by
filtering but may also cause some peak regrowth. we
investigate, through extensive computer simulations, the
effects of clipping and filtering on the performance of an
OFDM system. In this paper, we present a theoretical
analysis of clipping noise caused by the clipping technique
used to reduce the PAPR of OFDM signals.

Clipping ratio (CR) is often used as a measure of clipping
defined as the ratio of the maximum signal amplitude that is
allowed to pass unclipped to the root-mean-square power of
the unclipped signal. The study is focused to reduce PAPR
by simplified clipping and filtering method applied for
AWGN channel.

1. MATHEMATICAL MODEL

Mathematical definition of the OFDM modulation system:
An OFDM carrier signal is the sum of a number of
orthogonal sub-carriers with each sub-carrier being
independently modulated commonly using some type of
quadrature amplitude modulation (QAM) or phase-shift
keying (PSK).
If N sub-carriers are used, and each sub-carrier is modulated
using M alternative symbols, the OFDM symbol alphabet
consists of M symbols.
Each carrier can be presented as a complex waveform like:

So(t)=Aq(t)e! @e+ect) D
A(t) is amplitude of signal Sc(t)
D(t) is phase of signal S(t)
The complex signal can be described by
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n is the number of OFDM block.
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The signal is compared with general Inverse Fourier
Transform (IFT):
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Both are equivalent if

Af: A_UJ - i - l

2m NT 7t

Where 7 is the symbol duration period

The OFDM signal can be defined by Fourier Transform.

The Fast Fourier Transform (FFT) can obtained frequency
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domain OFDM symbols and Inverse Fast Fourier Transform
(IFFT) can obtain time domain symbols. They can be
written as:

Fast Fourier Transform

X(K)=ZN=8 x(n)e Wk (6)
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Fig. 1: OFDM Sysferﬁ
I1l. PAPRPROBLEM

The -input symbol stream of the IFFT should possess a
uniform power spectrum, but the output of the IFFT may
result in a non-uniform or spiky power spectrum. Most of
transmission energy would be allocated for a few instead of
the majority subcarriers. This problem can be quantified as
the PAPR measure of the transmitted waveform.
PAPR is defined as the ratio of peak signal power and
average signal power, mathematically

_max|s(t)|?
PR sty ®
Where t € [0,T]
The above power characteristics can also be described in
terms of their magnitudes (not power) by defining the crest
factor (CF) as Pass band condition: CF=VPAPR.
PAPR is best described by its statistical parameter;
complementary cumulative distribution function (CCDF).A
CCDF curve shows how much time the signal spends at or
above a given power level. The power level is expressed in
dB relative to the average power. A CCDF curve is basically
a plot of relative power levels versus probability. [5,6]
Mathematically CCDF can be explained with a set of data
having the probability density function (PDF). To obtain the
Cumulative Distribution Function (CDF), the integral of the
PDF is computed, then inverting the CDF results in the
CCDF. It concludes that the CCDF is the complement of the
CDF or CCDF =1 - CDF.
CCDF (PAPR(X)) = prob(PAPR(X)>PAPR(0))

IV. CLIPPING AND FILTERING

The simplest approach to limit the amplitude peaks in a
multicarrier wave-form is to deliberately clip the signal
before amplification. Filtering after clipping can reduce out
of band radiation to maximum extent. So Clipping and
filtering technique is effective in removing components of
the expanded spectrum. Although filtering can decrease the
spectrum growth, filtering after clipping can reduce the out-

of-band radiation, but may also cause some peak re-growth,
which the peak signal exceeds in the clip level. The
technique of iterative clipping and filtering reduces the
PAPR without spectrum expansion. However, the iterative
signal takes long time and it will increase the computational
complexity of an OFDM transmitter.
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Fig. 2 Transmitter with clipping and filtering

V. PROPOSED METHOD

With this method ,in order to suppress the frequency
components of the peak reduction signal both in band and
out-of-band a peak reduction component is introduced just
before the IFFT processing section where a time domain
signal is generated using IFFT and peaks in the time domain
signal are extracted using a signal peak detector. Certain
threshold limits the amplitude of time domain samples.The
algorithm is based on clipping the amplitude of OFDM
signal that exceeds threshold value. The amplitude of signals
exceeding clipping threshold value is clipped and the signals
having amplitudes less than amplification threshold value is
amplified to threshold level. PAPR is calculated for clipped
signal and compared with that of the original PAPR of
OFDM signal.

The amplitude of the time domain signals samples are
limited by a threshold. Let S, clipped time sample with the
phase ITft unchanged. Tth
Sc = ISy] |f Shl< A

S = A L if 1S) > A

w(n) = arg[x(n)] represents phase of x(n). The phase of
signal is preserved whenever signal exceeds clipping
threshold Amax.

The clipping severity is quantified by clipping ratio ¢ which
is defined as the ratio of the threshold to the average signal
power Pi (that of before clipping),

{ = AZpa [P

Note that clipping always reduces the average power of the
signal. It results in PAPR reduction, clipping also introduces
signal distortions resulting in emissions in adjacent channels
and in increased bit error rate. This undesirable effect can be
suppressed by low pass filtering of clipped signal, which
results in a new growth of the PAPR.

Without filtering, clipping causes out-of-band radiation.
Digital filtering is present to control out-of-band radiation.
Time domain signal is obtained by IFFT. Then clipping is
applied and frequency domain signal is obtained by FFT.
Then filtering is used.

VI. RESULT AND ANALYSIS

PAPR is very sensitive to the choice of modulation in a
particular OFDM system. PAPR increases if we deal with
the modulations in which amplitude of basic functions
changes as in QAM. But same amplitude basis functions
correspond to low PAPR. But this clipping expands the
signal and thus ISI occurs. Here the trade-off is made then
by passing the clipped signal through the filter. Now the
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PAPR is a bit increased but on the brighter side interference
is minimized.
PAPR=7.1642, No of iterations =0
PAPR=6.526, No of iterations=5
FAPR Wz, CCDF 7 with and without 1CF
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Fig. 4: SNR vs. SER

VII. CONCLUSION

Thus, the developed model can be used as a research tool (or
educational tool) to perform deepens study and investigation
to improve OFDM systems performance.
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