
International Journal of Electronics Engineering, 1(1), 2009, pp. 127-132

*Corresponding author: vijayvrangan@yahoo.com

��������	
��
���
��
������
�����
����
�	

�������	�
������	��
�������	
����������	�

���	�

�����
����	�
 ���	�����

V. Vijayarangan1* & R. Sukanesh2

1National Engineering College, Kovilpatti – 628 503, Tamilnadu, INDIA
2Thiyagarajar College of Engineering, Madurai – 625 015, Tamilnadu, INDIA

Abstract: Orthogonal frequency Division Multiplexing has several properties which makes it as an attractive alternative
modulation technique for high speed data transmission. However one major disadvantage of OFDM is that the time domain
OFDM signal which is a sum of several sinusoids leads to high Peak to Average Power Ratio (PAPR). Linear behavior of
the system over a large dynamic range is required so that the output High Power Amplifier (HPA) is operated at its maximum
efficiency. But due to large PAPR the linear behavior of the system and hence maximum efficiency of HPA is unachievable.
One method of reducing PAPR is with the help of pulse shaping waveforms. The Raised Cosine (RC) and Root Raised
Cosine (RRC) pulse waveforms are proposed to reduce the PAPR. Simulation results shows that RC and RRC pulses have
the potential of reducing PAPR without affecting the bandwidth efficiency and they does not require any side information.

Keywords: Orthogonal Frequency Division Multiplexing, Peak to Average Power Ratio, Raised Cosine Pulse, Root Raised
Cosine Pulse, Roll-off Factor, Nyquist Bandwidth.

1. INTRODUCTION

An OFDM signal consists of a number of individually
modulated sub-carriers, which can give rise to a large peak
to average power (PAP) ratio, 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 [1,14]. An
alternate measure of the envelope variations of a signal is
crest factor, which is defined as maximum signal value
divided by the rms signal value [15]. A large PAP ratio brings
disadvantages like an increased complexity of the analog to
digital and digital to analog converters and a reduced
efficiency of the RF amplifier. To reduce the PAP ratio,
several techniques have been proposed [2,10], which
basically can be divided into three categories. First, there
are signal distortion techniques which reduce the peak
amplitude simply by nonlinearly distorting the OFDM signal
at or around the peaks. Examples of the signal distortion
techniques are clipping, Peak windowing, Peak reduction
carrier and peak cancellation [7,8,9]. The second category
is coding techniques [5,6,13] that use a special forward error
correcting code set that excludes OFDM symbol with large
PAPR. The third technique [11,12] is based on scrambling
each OFDM symbols with different scrambling sequences
and selecting that sequence that gives the smallest PAP ratio.

2. PEAK TO AVERAGE POWER RATIO

An important limitation of OFDM is that it suffers from a

high peak to average power ratio resulting from coherent
sum of several carriers. This forces the power Amplifier to
have a large input backoff and operate inefficiently in its
linear range to avoid inter-modulation products. High PAPR
also affects D/A converters negatively and may lower the
range of transmission. PAPR is defined as

PAPR = Max |s(t)|2/E{|s(t)|2} (1)

Typically the PAPR can be as high as N the number of sub-
carriers, but the occurrence of such peaks is rare. The
summation of a large number of carriers assumes a Gaussian
distribution. The numerator Max |s(t)|2 is also known as the
peak envelope power (PEP). Which is also defend as

( ). ( )*PEP s t s t= � � (2)

Several methods have been designed to limit the PAPR of a
multicarrier signal. High signal peaks although possible has a
relatively low probability of occurrence [3]. As such clipping
these few peaks wouldn’t significantly impair the performance
of the system in terms of BER. However clipping is a highly
non-linear operation and it has adverse effect towards the
spectral purity of the clipping signal (spectral regrowth
problem). This problem is alleviated by a post filtering
operation to remove the out-of-band harmonics caused by
clipping operation. However by filtering the clipped signal,
there is a possibility of peaks regrowing in the time domain.
But by properly choosing the shape of the pulse waveform,
the PAPR can be reduced with out having increased bandwidth
requirement and side information.
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3. PULSE SHAPING WAVEFORMS

A new and efficient technique for reducing the PAPR of
OFDM systems based on proper selection of time limited
waveform of the different sub-carriers has been proposed.
In this technique each sub-carrier pulse of OFDM system
has a different shape, and all the pulse shapes are derived
from the same pulse shape. This technique is referred to as
pulse shaping [4]. It has been shown that using this technique
it is possible to design a set of waveforms of OFDM system
that reduce the PAPR of the transmitted signal and improve
its power spectrum simultaneously. It works with arbitrary
number of sub-carriers and any type of baseband modulation
used. The implementation complexity of the proposed
technique is by far much low compared to other techniques.
This technique is also very flexible. This method has the
potential of reducing PAPR without affecting the bandwidth
efficiency of the system and doesn’t require any side
information. In this paper the two time limited pulses Viz:
Raised Cosine and Root Raised Cosine waveforms are
considered.

4. SQUARE PULSE

We start by looking at the use of square pulse of Amplitude
‘A’ and lasting for 1 Sec. It is an intutive shape and is
represented as in Fig. (1). The frequency response of this
square pulse is given by:

sin 2 /
( )

2
st T

h t
t

π=
π

where T
s
 the symbol time. (3)

rise time & delay time, its frequency response goes on for
ever and its decays slowly and the second lobe is only 13db
lower than the first one, and it is very sensitive to I.S.I. The
effect of square pulse symbol times and the frequency
response are shown in Fig. 3.

We can use a pulse that is shaped like a sinc function
instead of a square pulse and get the brick-wall spectrum,
with nothing spilling outside the bandwidth. As opposed to
the square pulse we see that using the sinc pulse cuts the
bandwidth requirement to one-half. The bandwidth achieved
by the sinc pulse is called the Nyquist Bandwidth. It is an
ultimate limit for perfect reconstruction of the signal. A sinc
pulse is actually no more possible to build than is a square
pulse. Nyquist offered way to build realizable shapes that
has the same good qualities as the sinc pulses and less of the
disadvantages.

5. RAISED COSINE PULSE

One class of pulses Nyquist proposed are called Raised
Cosine Pulses and they are actually a modification of the
sinc pulses. The sinc pulse has a bandwidth of W where W =
1/2T

s
. The raised cosine has an adjustable bandwidth which

can vary from W to 2W. The roll-off factor α relates the
achieved bandwidth to the ideal bandwidth as α = 1 – W/W

o

where W is the Nyquist band width and W
o 
is the utilized

bandwidth. The typical roll off factor value range from 0.2
to 0.4 for various wireless communication system. The raised
cosine pulse is defined in the time domain as

2

sin 2 / cos 2
( )

2 2
1

st T t
h t

t t

π πα=
π α −  π 

(4)

The first part is sinc pulse and the second part is the cosine
correction applied to the sinc pulse to make it behave better.
The bandwidth is adjustable from W to 2W and it is greater
than Nyquist Bandwidth by a factor (1+ α). For α = 0 it

Symbol Time 

Time 

Figure 1: The Square Pulse in Time-domain

The frequency response of the square pulse as in Fig. 2
is in the shape of sinc function (sin x/x). It has a maximum
amplitude of AT

s
 and it crosses zero amplitude at integer

multiples of R
s
, where R

s 
= 1/T

s
 is the symbol rate.

Figure 2: The Frequency Response of the Square Pulse
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Figure 3: The Effect of Square Pulse Symbol Times and their
Frequency Response

The square pulse has certain disadvantages Viz. the
square pulse is difficult to create in time domain because of

 

Frequency domain 

Time domain 



Reduction of Peak to Average Power Ratio in Orthogonal Frequency Division Multiplexing  using  Pulse Shaping Techniques ���

COM-6:\JOURNAL-2008\8-IJEE\1 NO. 1(2009)\24_VVIJAYARANGAN_RSUKANESH

concatenating two filters each with a root raised cosine
response called split filtering [fig(6)] works better. The Root
Raised Cosine shaping of pulses is also called base band
filtering. The frequency response of the root raised cosine
pulse is given by

1

0

1
for

2

(1 ) 1 1
( ) cos for

2 2 2 2

1
for

2

s

s

s s s

s

f
T

T
H f f f

T T T

f
T

− α≤
  π − α − α + α = − ≤  α    + α>

(6)

Comparing this to the raised cosine response, it is just a
square root relationship. Each of these square root responses
are applied in pairs, and the total response is that of the raised
cosine. Comparing the frequency response of root raised
cosine to that of raised cosine, we don’t see much of a
difference except that there is little bit more excursion in
root raised cosine response. The time domain function is of
course not the square root. The root part applies to frequency
domain.

reduces to sinc pulse and for α = 1 it becomes that of pure
square pulse. In the frequency domain the relationship is
given as:
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(5)

There is cosine function in the frequency domain
representation of the pulse hence it is called Raised cosine.
The frequency response some what looks like a square pulse.
The Impulse response and frequency response of the Raised
cosine pulse are shown in fig (4) & fig (5) respectively. A
range of Bandwidth is possible depending on the chosen
value of roll-off factor α. For α = 0 this reduces to sinc pulse
and for α = 1 becomes that of pure square pulse.

Figure 4: Raised Cosine Impulse Response

Figure 5: The Frequency Response of the Raised Cosine Pulses
of R

s
= 1

Frequency 

6. ROOT RAISED COSINE

To implement the raised cosine response we split the filtering
into two parts to create a matched set. When we split the
raised cosine filtering in two parts, each part is called the
root raised cosine. In frequency domain we take the square
root of the frequency response hence the name root raised
cosine. The whole raised cosine can be applied at once at
the transmitter but in practice it has been found that
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If there were no bandwidth limitations, it would be much
easier on the receiver if we use a large α. But since bandwidth
is almost always a limiting resource, the push is on to make
α as small as possible. The raised cosine and the root raised
cosine filters are both designed as FIR filters with a specific
number of taps. The effect of both raised cosine and root
raised cosine filter is affected by the choice of tap length.
In the development of raised cosine signaling we are tacitly
assuming that an ideal sampler is sampling the signal. We
assume that we receive one single pulse for a 0 or a 1, which
we then shape in to Root Raised Cosine, Raised Cosine pulse.
But in reality the incoming data may have to be sampled for
variety of reasons such as for conversion of sampling rates
for modulation.

7. OFDM SYSTEM IMPLEMENTATION

The block diagram of the OFDM system is as shown in
Fig. 7. The input data is fed in serial manner. This serial
data is converted to parallel form for further processing. The
parallel data is then base band modulated which is nothing

Figure 6: Split Filtering of Raised Cosine Response, a Root
Raised Cosine Filter at the Transmitter and One at the
Receiver Giving a Total Response of a Raised One
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but signal mapping. The modulation scheme used in OFDM
is generally PSK or QAM. The mapped signal is subjected
to IFFT, to get the OFDM signal in time domain. Taking
IFFT of the mapped data produces array of signals in time
domain. The OFDM signal with N number of sub carrier is
then given to parallel to serial converter and then subjected
to pulse shaping. After pulse shaping, the OFDM signal is
further processed for up conversion. At the receiver side the
signal down converted and after serial to parallel conversion
is given to FFT for getting the signal in the frequency domain.
This signal is base band demodulated and then converted to
serial binary output data.

The OFDM system has been simulated using MATLAB.
Both text data & Image data have been transmitted using
pulse shaping waveforms. The performance of the OFDM
system in conjuction with time limited wave forms shows a
considerable reduction in PAPR. It is observed that an
introduction of the pulse shaping at the transmitter side for
the OFDM signal, the PAPR of the simulated OFDM signal
decreases considerably for the time limited waveforms which
was observed both for text and image as input.

Three types of time limited waveforms viz: Rectangular,
raised cosine & root raised cosine other wise known as better
than raised cosine pulse are used in conjuction with OFDM
symbol. Varying amount of reduction in PAPR is achieved
when different pulse shaping is employed.

8. RESULTS AND DISCUSSION

Simulation of the OFDM system is done in MATLAB. A
text data was tried for transmission and reception through
the simulated version of OFDM system. The text containing
alphabetic, numeric character is converted to binary form
using ASCII [fig. (8)]. The binary data is converted from
serial to parallel form and is baseband modulated using
BPSK. Mapped data is then converted to OFDM symbol
using IFFT. Figs 9a,10a,11a shows the frequency response
of the Rectangular, Raised Cosine & Root Raised Cosine
waveforms. Figs 9b,10b,11b shows the transmitted signal
power by using Rectangular, Raised Cosine & Root Raised
Cosine pulses reply. From the frequency response of these
pulse shapes, it is found that the Raised Cosine and Root
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Figure 8: Input Binary Sequence

Figure 9b: Transmitted Signal Power for Rect. Pulse

Figure 9a: Rectangular Pulse
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obtained is 22.6031 and by treating with that of Root Raised
Cosine pulse the PAPR obtained is 19.8843. Hence it is
found that using pulse shaping the PAPR is reduced from
28.1645 for rectangular pulse (α = 0.99) to 19.8843 for the
Root Raised Cosine pulse (α = 0.2).

Figure 10a: Raised Cosine Pulse

Figure 10b: Transmitted Signal Power for RC Pulse

Figure 11a: Root Raised Cosine Pulse

 

Raised Cosine pulses have more negative lobes as compared
to rectangular pulse. When OFDM signal is treated with
rectangular pulse shaping, the PAPR obtained is 28.1645.
While treating with the Raised Cosine pulses the PAPR

Figure 11b: Transmitted Signal Power for RRC Pulse

Figure 12a: Received Signal Power

Figure 12b: Demodulated Binary Sequence
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Table 1
Type of Signal : TEXT

Type of pulse Roll off PAPR of PAPR Reduction
factor a Recd. Signal  in dB in PAPR dB

Rectangular 0.99 28.1645 14.4970 –

Raised Cosine 0.5 22.6031 13.5416 0.9554

Root Raised Cosine 0.2 19.8843 12.9851 1.5118

9. CONCLUSION

An efficient technique for reducing PAPR in OFDM system
based on pulse shaping has been proposed. It has been shown
that using pulse shapping technique it is possible to design
a set of waveforms (raised cosine, root raised cosine) for
the OFDM system that reduce the PAPR of transmitted
signal. The implementation complexity of the proposed
technique is by far much low compared to other techniques.
This technique has the potential of reducing the PAPR
without affecting bandwidth efficiency of the system and
doesn’t require any side information and there exist no much
of In-Band and Out-of-band distortion as one would expect
from conventional signal distortion techniques.
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