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Abstract -OFDM is successfully used in many wireless
digital communication system over multipath
channels. One of the principle disadvantages of OFDM
is the occurrence of high PAPR. OFDM signals are
very sensitive to nonlinear effects due to the high
PAPR, which leads to the power inefficiency in the RF
section of the transmitter. This paper is focused on
analyzing PAPR reduction by undertaking various
methods to reduce the PAPR in the system like normal
OFDM, clipping & filtering scheme, convolution
scheme, weighted OFDM and modified weighted
OFDM system.
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. INTRODUCTION

With the arrival of new high data rate wireless
applications, demand of the spectrum is rapidly
increasing. Communications governmental and
regulatory agencies impose regulations on spectrum
usage, such as control of allocations and priorities,
as well as its features. At this time, most of the prime
spectrum has been assigned and it is difficult to find
spectrum for the new wireless applications. It can be
made available for either expands existing
infrastructures or invent new services. Orthogonal
Frequency Division Multiplexing (OFDM) is
promising candidate for flexible spectrum pooling in
communication systems.

For a long time, usage of OFDM in practical systems
was limited. Main reasons for this limitation were
the complexity of real time Fourier Transform and
the linearity required in RF power amplifiers.
However since 1990s, OFDM is used for wideband
data communications over mobile radio FM
channels, High-bit-rate Digital Subscriber Lines
(HDSL, 1.6Mbps), Asymmetric Digital Subscriber
Lines (ADSL, up to 6Mbps), Very-high-speed
Digital Subscriber Lines (VDSL, 100Mbps), Digital
Audio Broadcasting (DAB), and High Definition
Television (HDTV) terrestrial broadcasting.

OFDM has many advantages over single carrier
systems. The implementation complexity of OFDM
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is significantly lower than that of a single carrier
system with equalizer. When the transmission
bandwidth exceeds coherence bandwidth of the
channel, resultant distortion may cause intersymbol
interference (ISI). Single carrier systems solve this
problem by using a linear or nonlinear equalization.
The problem with this approach is the complexity of
effective equalization algorithms. OFDM systems
divide available channel bandwidth into a number of
subchannels. By selecting the subchannel bandwidth
smaller than the coherence bandwidth of the
frequency selective channel, the channel appears
to be nearly flat and no equalization is needed.
Also by inserting a guard time at the beginning of
OFDM symbol during which the symbol is
cyclically extended, intersymbol interference (I1SI)
and intercarrier interference (ICI) can be completely
eliminated, if the duration of guard period is
properly chosen. This property of OFDM makes the
single frequency networks possible. In single
frequency networks, transmitters simultaneously
broadcast at the same frequency, which causes
intersymbol interference. Additionally, in relatively
slow time varying channels, it is possible to
significantly enhance the capacity by adapting the
data rate per subcarrier according to the signal-to-
noise ratio (SNR) of that particular subcarrier.
Another advantage of OFDM over single carrier
systems is its robustness against narrowband
interference because such interference affects only a
small percentage of the subcarriers.

Beyond all these advantages, OFDM has some
drawbacks compared to single carrier systems. Two
of the problems with OFDM are the carrier phase
noise and frequency offset. Carrier phase noise is
caused by imperfections in the transmitter and
receiver oscillators. Frequency offsets are created by
differences between oscillators in transmitter and
receiver, Doppler shifts, or phase noise introduced
by nonlinear channels. There are two destructive
effects caused by a carrier frequency offset in an
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OFDM system. One is the reduction of signal
amplitude since sinc functions are shifted and no
longer sampled at the peak, and the other is the
introduction of ICI from the other carriers. The latter
is caused by the loss of Orthogonality between the
subchannels. Sensitivity to phase noise and
frequency offsets increases with the number of
subcarriers and with the constellation size used for
subcarrier modulation. For single carrier systems,
phase noise and frequency offsets only give
degradation in the receiver SNR, rather than
introducing ICI. That is why the sensitivity to
frequency offsets and phase noise are mentioned as
disadvantages of OFDM relative to single carrier
systems.

The most important disadvantage of OFDM systems
is that highly linear RF amplifiers are needed. An
OFDM signal consists of a number of independently
modulated subcarriers, which can give a large Peak-
to-Average Power Ratio (PAPR) when added up
coherently. When N signals are added with the same
phase, they produce a peak power that is N times the
average power. In order to avoid nonlinear
distortion, highly linear amplifiers are required
which cause a severe reduction in power efficiency.
Several methods are explained in the literature in
order to solve this problem.

One of the challenges of the OFDM is high peak-to-
average power ratio (PAPR). A high PAPR brings
disadvantages like an increased complexity of the
A/D and D/A converters and reduced efficiency of
radio frequency (RF) power amplifier [3]. OFDM
signal consists of a number of independent
modulated subcarriers that leads to the problem of
PAPR. If all subcarriers come with same phase, the
peak power is N times the average power of the
signal where N is the total number of symbols in an
OFDM signal. Thus, it is not possible to send this
high peak amplitude signals to the transmitter
without reducing peaks. Because power amplifier
used for the transmission has non-linear nature
which causing inter-modulation and out-of-band
radiation. The high peak of OFDM signal can be
reduced in several ways.

Most widely used methods are clipping and peak
windowing the OFDM signal when a high PAPR is
encountered. However these methods distort the
original OFDM signal resulting in an increase in the
bit error probability. There are other methods that do
not distort the signal. In this research work a peak-
to-average-ratio (PAPR) reduction scheme based on
a weighted orthogonal  frequency-division
multiplexing (OFDM) signal is proposed to reduce
the PAPR without distortion in removing the weight
at the receiver side. In the proposed scheme, a

weight is imposed on each discrete OFDM signal via
a certain kind of a band-limited signal, and an
OFDM signal formed with the weighted discrete
data is then considered before a high power
amplifier (HPA), whereas the original signal can be
recovered completely at the receiver side.
Meanwhile, the time duration needed to transmit the
weighted OFDM signal is the same as the time
duration for the original OFDM signal.

The objective of this paper is to develop a PAPR
reduction system using normal OFDM, clipping &
filtering scheme, convolution scheme, weighted
OFDM and modified weighted OFDM system along
with comparative analysis of bit error rate for above-
mentioned schemes.

Il. PROPOSED METHOD
PAPR Reduction using Clipping and Filtering
Method
OFDM

P Signal
—>» BPSK | —» IFFT —> Clipping |— Filtering | —»

Figure 1: Block diagram for OFDM signal transmission using
clipping and filtering method

Clipping and filtering is one of the simplest methods
of PAPR reduction in OFDM system. This is the
method of clipping the high peaks of the OFDM
signal. This is done with the help of clipper that
limits the signal envelop to the predetermined level
known as clipping level (CL), if the signal goes
beyond the CL; otherwise clipper passes signal
without any change. Figure 1 shows OFDM signal
transmission block diagram using simple clipping
and filtering scheme.

The clipped signal is given by:

—CL, if x(n) < —CL
y(n) =< x[n], if —CL<x(n)<CL (1)
CL, if x(n) >CL

Where x(n) is the OFDM signal, CLis the clipping
level.

Clipping is a nonlinear process that causes the
distortion as source of noise, which falls in both in-
band and out-of-band distortions. In-band distortion
can degrade the BER performance and cannot be
reduced by filtering. However, oversampling by
taking longer IFFT can reduce the in-band distortion
effect as portion of the noise is reshaped outside of
the signal band that can be removed later by
filtering. While the out of band distortion causes
spectral spreading and can be eliminated by filtering
the clipped OFDM signal which can preserve the
spectral efficiency and, hence, improving the BER
performance but it can results in some peak power
regrowth.
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Clipping and filtering is used with a clipping ratio
(CR) of 0.9dB. The CR is associated with the
clipping level by the following expression:
CL
CR = 201log, (—E{x(n)}) @)
Where, E{x(n)} represents the average of OFDM
signal x(n).

PAPR Reduction using Convolution Method

Tx
N IFFT ﬂb Convolution ﬂr Add CP

Rx
4&.—7 Recovery 4YN— FFT 4yi Remove

Ccp

Figure 2: Block diagram for convolution method

The simplified block diagram for an OFDM system
with the convolution scheme is shown in Figure 2.
As described in Figure 2, the modulated data stream
is carried on the multicarriers by the IFFT, and the
convolution block reduces the PAPR of signal. In
the following block, the cyclic prefix is added after
convolution.
For a discrete data {a, }Y=4, multicarrier-modulated
signal x (t) on [0, NT] is represented as:

xy(6) = = TRZ) aelm it ®
Where N is the number of subcarriers, T is the
original symbol period, Af = 1/NT, and f;, = kA4f,
k = 0,...,N—1. Then the PAPR of x, over the
time interval [0, NT] is expressed as:

PAPR (x) = oS PvOF 4

) = E w0 “)

Where E (-) denotes the expectation operator.
Taking the circular convolution between the
multicarrier-modulated signal x, and a suitable
signal & having compact support, the PAPR of the
convoluted signal can be reduced. The circular
convoluted signal is expressed as:

1 1 ("
(O =5+ 0@ =5 | xy(e - D@

2m ) _,
()
PAPR Reduction using Weighted OFDM System
The simplified block diagram for PAPR reduction
with the weighted OFDM scheme is shown in Figure
3. Here, the weighted OFDM signal is provided,
where the weight is derived from a suitable band-
limited signal having no zero on the real line.
As described in Figure 3 the modulated data stream
is carried on the multicarriers by the weight block of

the proposed scheme. In the following block, the
cyclic prefix is added.

Tx
@ | Apply | ap2mfy) Yn
—» Weight [FFT |——» AddCP
p(2mfi)
Rx
e Remove Yy YN | Remove
-« le—| FFT |«
Weight CP

Figure 3: Block diagram for weighted OFDM method

The convoluted signal in equation (5) can be written
as a simple weighted OFDM signal y as:

N-1

1 .
t =—Za 2nfi)e’?™kt 0 <t < NT
yN() mk=0 k(p( fk)

(6)

PAPR Reduction using Modified Weighted
OFDM System
The demerit of the weighted OFDM signal in
equation (6) is the degradation of BER performance
since the weight ¢ is nonuniform. To overcome this
obstacle, a modified weight is considered with a
positive constant a as follows [1]:

#a(x) = @(x) + a/logN (7
Where « is a shift parameter, and log N is obtained
by experiment. Then, ¢ = ¢,. In the weighted
OFDM signal in equation (6), the weight ¢ is
replaced with ¢, for a suitable positive constant «
to get the weighted OFDM signal, i.e., zy(t) as a
transmitted signal instead of x, in equation (3)
which is expressed as:

N-1
1 .
() = «/_NZ a9 (2nfi)e/?™kt 0 <t < NT
k=0

©)
In equation (8), weight ¢, (27 f;) is imposed on the
discrete data a;, k=0,..N —1, and an OFDM
signal is formed with the weighted discrete data
{a 9, 2rfi)}¥=3 to get weighted OFDM signal
zy. Also the weighted OFDM signal zy is
transmitted for the same time duration [0, NT] as the
original OFDM signal.

It can be noticed that weight ¢ is positive
on the real line; therefore, the modified weight ¢, is
positive on the real line. Since ¢, (2rf;) # 0 for
any k =0, ...N — 1, the discrete data {a,}¥-3 can
be completely recovered. Then the PAPR of the
modified weighted OFDM signal zy, is expressed as:
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max_|zy(t)|?

— oseenr NN
PAPR(zy) = *50 5 ©)

I1l. SIMULATION AND RESULTS
The performance of proposed algorithms has been
studied by means of MATLAB simulation.
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Figure 4: BER vs. SNR calculation graph for normal OFDM, clipping & filtering
scheme, weighted OFDM and modified weighted OFDM
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Figure 5: CCDF v/s PAPR calculation graph for normal OFDM, clipping & filtering
scheme, weighted OFDM and modified weighted OFDM
The above simulation result shows the comparative
graph between CCDF and PAPR with FFT-64 for
normal OFDM, clipping & filtering scheme,
weighted OFDM and modified weighted OFDM.
The X axis indicates the PAPR value and Y axis
represents CCDF. It can be observed by above graph
that the weighted OFDM outperforms other
methods.
IV. CONCLUSION

In this paper, the different properties of an OFDM
system are analyzed. The bit—error—rate is also
plotted against the signal-to—noise ratio to
understand the performance for different methods
namely; normal OFDM, clipping & filtering
scheme, convolution scheme, weighted OFDM and
modified weighted OFDM system.

The simulation results indicate that, application
of the algorithm results in significant reduction in

the PAPR values. It was observed that the PAPR of
weighted OFDM method is smaller than that of other
methods, and the BER performance is improved
using modified weighted OFDM method.
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