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ABSTRACT

Different narrowband pulses such as Sine, Tukey window and Kaiser window pulses have been implemented in
the transceiver section of OFDM system for reducing PAPR.This narrowband pulse shaping technique is based
on proper selection of the time-limited waveforms of different subcarriers. For analyzing the performance,
mathematical model is derived for each of the above mentioned narrowband pulse shaping technique. After
comparing the performance based on the above model, it can be seen that Tukey window pulse reduces the
PAPR more efficiently than any other narrowband pulse shaping technique. To prove the efficacy of the
employed pulse shaping technique cross correlation function is also analyzed as the proper selection of the time
limited waveforms will increase the cross correlation function and decrease the PAPR of OFDM signals. The
implementation complexity and the cost of the transmitter are significantly low in compared with the
conventional OFDM system. The effectiveness of the proposed scheme is evaluated with matlab simulations.
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INTRODUCTION

degradation, high adjacent channel interference,
inter-modulation distortion and undesired out-ofband radiation, during transmission of OFDM
signal is high PAPR.Therefore, it is desirable to
reduce the PAPR of OFDM signal. A number of
approaches have been proposed to deal with the
PAPR problem. These techniques include Coding,
Clipping and Filtering, Tone reservation, Tone
injection, Interleaving, Selected Mapping and
Partial Transmit Sequence (Hanet al.2006;
Jayalathet al. 2000;Nguyen et al. 2008;Krongoldet
al. 2004;Liet al. 1998 and Yang et al.
2008).Overall it is noticed that these techniques
have large computational overhead, some reduce
the bandwidth efficiency and data rate of the
system, some need side information. However,
Gandhiet al.(2013) described about the main lobe
width of different pulses but did not include a
concrete suggestion of PAPR reduction in OFDM
system. Other possible alternative solution was to
employ different narrowband pulse shaping
technique in OFDM signal which was based on
proper selection of the time-limited waveforms of
different subcarriers. Such an approach has been
considered for the first time in (Slimane 1998)
when only one narrowband pulse (Sine) was
considered. However comprehensive analysis of
various narrowband pulse shaping technique has
not been done yet.

Orthogonal Frequency Division Multiplexing
(OFDM) is the most widely used technique for
achieving high data rate in 4G wireless
communication technique. It is a parallel
transmission scheme, where a high-rate serial data
stream is split up into a set of low-rate sub-streams,
each of which is modulated on a separate single
carrier. Carriers are orthogonal to each other.
Orthogonality is achieved by ensuring that the
carriers are placed exactly at the nulls in the
modulation spectra of each other.The major
advantages of OFDM system are robustness to inter
symbol interference, offers high spectral efficiency,
multiple delay speed tolerance, immunity to
frequency selective fading channel and power
efficiency.Some examples of existing systems
where OFDM is used are digital audio and video
broadcasting and Asymmetric Digital Subscriber
Line (ADSL) modems. Moreover, the new
generation of Wireless Local Area Networks
systems (WLANs) is based on similar WLAN
standards known as IEEE 802.11a (US) and
Hiperlan/2 (Europe). These systems support a
physical layer transmission rate up to 54 Mbps and
use OFDM for the physical layer implementation.
Additionally, OFDM is being considered for future
broadband applications such as Wireless
Asynchronous Transfer Mode (ATM) and fourth
generation transmission techniques (Nee et al.
1999).One of the major causes for signal

The main objective of this paper is to employ
different narrowband pulse shaping technique such
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as Sine, Kaiser window and Tukey window pulse
shaping technique to find out the best narrowband
pulse shaping technique for reducing PAPR in
OFDM signal. For analyzing the performance,
mathematical model is derived for each of the
above mentioned narrowband pulse shaping
technique. After comparing the performance based
on the above model, it can be seen that Tukey
window pulse reduces the PAPR more efficiently
than any other narrowband pulse shaping
technique. Since cross correlation function depends
on the different time limited waveforms of different
subcarriers, thus a proper selection of the time
limited waveforms will increase the cross
correlation function and decrease the PAPR of
OFDM signal. That’s why cross correlation
function is also examined to prove the efficacy of
the employed narrowband pulse shaping technique.

subcarriers. In the following expression, the cross
correlation is entirely dependent upon the different
time pulse waveforms of different subcarriers.

R(t1 , t 2 )  Es  pn (t1 ) p * m (t 2 )e j 2 ( nt1 mt2 ) / T
N 1 N 1
n  0 m 0

........................… (4)

Applying the orthogonality property, the cross
correlation is reduced further.

R(t1 , t 2 )  E s  p n (t1 ) p * n (t 2 )e j 2n (t1 t 2 ) / T
N 1
n 0

........................… (5)

The cross correlation between different pulses
result in zero value which reduces the double
summation to a single sum dependent on one
variable ‘n’. The objective is to focus on achieving
the highest correlation between the subcarriers. If
the cross correlation tends to one, then a very low
PAPR can be achieved. Using this intuition for
PAPR reduction, two theorems known as PAPR
reduction using same pulse shape and PAPR
reduction using different pulse shape are discussed
in the below sections to help for determining an
appropriate approach in reaching the goal.

PAPR IN OFDM SYSTEMS

An OFDM system has a very high PAPR if a
number of independently modulated sub-carriers
added up coherently. They produce a peak power
when N signals are added with the same phase that
is N times the average power of the signal. That’s
why OFDM signal has a very large PAPR. This
high PAPR is very sensitive to non-linearity of the
high power amplifier. In OFDM, a block of N
symbols {Xk , k=0,1,………,N-1}, is formed with
each symbol modulating one of a set of
subcarriers,{ fk , k=0,1,………,N-1 }. The N
subcarriers are chosen to be orthogonal, that is,
fk=k∆f, where ∆f=1/NT and T is the original time
period. The resulting signal is given as

NARROWBAND
TECHNIQUES

SHAPING

a) Sine Pulse
The pulse that was proposed by Slimane (Slimane
1998) is a narrowband time limited Sine waveform
which is defined by the following equation:

N 1
j 2f t
k ,0  t  NT .…(1)
x(t )   X e
k
k 0

 An sin 2 n ( / T ),0  t  T
p (t )  
.....….. (6)
elsewhere
0,

PAPR is defined as

.................………..(2)

where, An 

2 2 n (2n)!
(4n )!

, for int n

By varying the parameter of ‘n’ in expression,
different Sine waveforms are produced. The first
shape is gained by setting the parameter n = 0, 1
and 4 as depicted in Figure1.

where E[.] denotes the expectation operator.

RELATIONSHIP BETWEEN PAPR AND
CROSS CORRELATION

The denominator of the PAPR definition actually
defines the cross correlation between different
samples of the transmitted signal x(t) of the same
OFDM block defined for 0 to T. Therefore a more
informative expression can is elaborated,

max | x(t ) | 2
PAPR 
R (t1 , t 2 )

PULSE

……..............…. (3)

The technique that is focused on in this paper
involves the increasing of the denominator
expression which is the definition of the cross
correlation between the different OFDM

Figure 1.Time domain for varying n (Sine pulse).
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steeper transitions and the gradual increase in the
peak of the pulse. From the frequency domain
response of Sine pulse it can be seen that with the
progression into the Sine shaped pulses, the
frequency response begins to gain a broader main
lobe whilst the side lobes decay faster with
frequency. The main characteristics that are observed
for the sine pulse are main lobe exhibits curved
response with slow pass-band to stop-band transition
and as the parameter n increases, main lobe width
and attenuation decay increases.

b) Kaiser Window Pulse
In signal processing, the Kaiser window, also known
as the Kaiser-Bessel window, is a one parameter
family of window functionsused as transmit and
receive
windowing
technique
in
digital
communication system. It is created through the
windowing of a rectangular pulse by the Kaiser
window. It is characterized by β which is an arbitrary
real number that determines the shape of the window.
In the frequency domain, it determines the trade-off
between main-lobe width and side lobe level, which
is a central decision in window design. This
technique can be defined as below:

Figure 2.Frequency Response (Sine pulse)

For each successive increase of ‘n’, different Sine
pulses are produced. The pulse shape when n = 1 will
be used as a point of reference to reflect upon
improvements of PAPR reduction for different
consecutive ‘n’ values. The following figure shows
the impulse response of Sine pulse.
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Figure 3. Impulse response when N=128 and n=0

Here, I0 is the zero-th order modified Bessel function
of the first kind and A is the attenuation of the side
lobe. Three β values have been chosen to represent
time domain pulses shown in Figure 5.

Figure 4. Impulse response when N=128 and
n=4

From Figure 1 it was observed that the gradual
increase of ‘n’ causes the narrowing of the pulse with
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Figure 5. Time domain for varying β (Kaiser
window pulse).
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band to stop-band transition and by increasing β
value, increases main lobe width, decreases side lobe
peak width and slow attenuation decay rate with
frequency.
From the above characteristics it can be seen that the
side lobe attenuation is generally remains at constant
level exhibiting slow decay with increasing
frequency.
c) Tukey Window Pulse

Another narrowband pulse shaping technique
employed for PAPR reduction in OFDM system in
this research work is created through the windowing
of a rectangular pulse by the Tukey window. It can be
regarded as a cosine lobe of width rN/2 and is
convolved with a rectangular window of width
(1 − r/2) N. It is also called the Tukey-Hanning or
Blackman-Tukey window. It can be defined as
below:

Figure 6. Frequency domain for varying β
(Kaiser window pulse).
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where t  1 to

N

Here, t is aN–point linearly spaced vector generated
using line. r is the ratio of taper to constant sections
and is between 0 and 1. If r<=0 then it becomes
rectangular pulse and if r>=1then it becomes Hann
window pulse.

Figure 7. Impulse response when N=128
andbeta=1.

Figure 8. Impulse response when N=128 and
beta=55.
By investigating the frequency domain characteristics
of Kaiser window pulse, the changes in the frequency
response characteristics can be observed with respect
to the parameter β which is shown in the Figure
6.The characteristics acquired by Kaiser window
pulse are curved main lobe response with slow pass-

Figure 9.Time domain for the varying r (Tukey
window pulse).
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it narrows the time domain pulse as shape parameter r
is increased. By investigating the frequency domain,
the changes in the frequency response characteristics
can be observed with respect to the parameter ‘r’.
The frequency response of Tukey window pulse
shaping technique is shown in the Figure 10 where
the number of subcarrier, N is 128.

RESULTS AND DISCUSSION

Sine Pulse
It is a narrowband pulse shaping technique which is
used in OFDM system to reduce PAPR. The
definition of maximum PAPR is entirely based on the
summing of the pulse values throughout the pulse
interval. This figure shows how the PAPR can be
reduced efficiently using Sine pulse shaping
technique for different subcarriers (N) of 256 and
512. From Figure13, it can be seen that when the
number of subcarrier is 256 and the value of
sampling rate (n) is 0, the maximum PAPR is
approximately 21dB. After increasing the value of n
to 1 the PAPR is gradually decreased and it becomes
around 0dB. So, the behavior of the PAPR is seen to
decrease with increasing ‘n’ which reflects on the
increasing correlation betweensubcarriers as well.
The same result is observed when the number of
subcarrier is 512.

Figure 10. Frequency domain for the varying r
(Tukey window pulse).
The default value for r is 0.5. The time domain and
the impulse response of the Tukey window pulse are
shown in Figure 9, Figure 11 and Figure 12 where the
number of subcarrier is 128.

Figure 11. Impulse response when N=128 and
r=0.25.

Figure 13. The maximum PAPR of OFDM
signals using Sine pulse when the number of
subcarrier is 256 and 512.

However, the value of PAPR while using subcarrier
of 512 always remains little bit higher compared to
the PAPR value with subcarrier 256 for same
sampling rate. Therefore, one important factor to note
from the above figure is that when the number of
subcarrier N is increased in the system, the PAPR
increases dramatically which reflects the theory of
high PAPR in OFDM signals i.e., the sums of all
subcarrier signals produced by the separation of
transmission, lead to constructive superposition
creating regions of large power peaks and thus
contributing to high PAPR.

Figure 12. Impulse response when N=128 and
r=0.75.
There are similar characteristics between the Tukey
window pulse and Kaiser window pulse. For example
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Figure 16. Normalized Cross correlation between
different OFDM samples of the same block using Sine
pulse.

Figure 14. The maximum PAPR of OFDM
signals using Sine pulse when the number of
subcarrier is 64 and 1024(Slimane 1998).

When we increase the value of n to 18 the maximum
PAPR is about 11dB and -12dB. So, we can conclude
that our employed technique can reduce PAPR of
OFDM systems more efficiently. To prove the
efficacy of our proposed method we analyze the
Cross correlation between different OFDM samples
of the same block using Sine pulse which is shown in
Figure 16.It shows the steady improvement in the
Cross correlation between pulse samples for a
gradual increase of ‘n’. Here we use different values
of n (n=0, 4, 16).The relationship can be established
from the figure that the characteristics of increasing
main lobe width and decreasing side-lobe peaks are
favorable for improvements in Cross correlation.
Kaiser Window Pulse
The maximum PAPR using our employed
narrowband Kaiser window pulse shaping technique
in OFDM system as a function of the parameter beta
(an arbitrary real number that determines the shape of
the window) is shown in Figure 17.

Figure 15. The maximum PAPR of OFDM signals
using Sine pulse when the number of subcarrier is
64 and 1024.

From the behavior of the above pulse it can be
observed that when the parameter beta is 0 the
maximum PAPR is 15.1dB and 18.1 dB for the
number of subcarrier 256 and 512 respectively. When
we increase the value of beta the PAPR is moderately
decreased and it becomes 14.4dB while the beta is 1
and the number of subcarrier is 256. PAPR reduces in
the similar way for the number of subcarrier 512
although the value of PAPR while using subcarrier of
512 always remains little bit higher compared to the
PAPR value with subcarrier 256 for same arbitrary
real number, beta. It can be monitored that the PAPR

However still our employed method reduces PAPR
more significantly compared to the existing system.In
order to show the efficiency of our employed method
we compare the performance of the employed
method with the existing pulse shaping technique of
Slimane Ben Slimane(Slimane 1998)in Figure 14 and
Figure 15. From these two figures it can be seen that
when the number of subcarrier is 64 and the value of
n is 0, the maximum PAPR is approximately 18dB
and 6dB.
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of OFDM system will increase when the number of
subcarrier increases. Cross correlation is a function
which depends on the time waveforms of the
different carriers. So, to prove the efficacy of the
proposed pulse shaping technique the normalized
Cross correlation between the OFDM block samples
using Kaiser window pulse for different values of
beta and a total of N (256) subcarriers is shown in
Figure 18. It illustrates the normalized Cross
correlation between the OFDM block samples for
different values of beta (1, 25, 55) and a total of N
(256) subcarriers. We notice that the correlation
increases with beta which is consistent with the
results of Figure 17 as mentioned earlier, higher
correlation between the different samples of the
OFDM block reduces the PAPR of the signal.

Tukey Window Pulse

For Tukey window pulse (another employed
narrowband pulse), the PAPR of OFDM signals as a
function of the parameter r (the ratio of tapered
section to constant section with 0 ≤r≤1) is shown in
Figure 19. Form the below figure it is observed that
the Peak to Average Power Ratio of the OFDM
signal is reduced with the increase of r. When the
number of subcarrier is 256 and the value of r is 0
and 1, the PAPR is 15dB and 9dB respectively.

Figure 19. The maximum PAPR of OFDM
signals using Tukey window pulse when the
number of subcarrier is 256 and 512.

Figure 17. The maximum PAPR of OFDM
signals using Kaiser window pulse when the
number of subcarrier is 256 and 512.

Figure 20. Normalized Cross correlation
between different OFDM samples of the same
block using Tukey window pulse.

Figure 18. Normalized Cross correlation
between different OFDM samples of the same
block using Kaiser window pulse.

But in case of Kaiser window pulse we can notice
from Figure 17 that when the value of n is 0 the
PAPR is 15.1dB and when it is 1 the PAPR is 14.4dB
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for the number of subcarrier 256. So it can be
concluded that the Tukey window pulse reduce
PAPR of OFDM system more efficiently than the
Kaiser window pulse. On the other hand by
comparing the Figure 13 (PAPR for Sine pulse),
Figure 17 (PAPR for Kaiser window pulse) and
Figure 19 (PAPR for Tukey window pulse), we can
find that Tukey window pulse reduces the PAPR of
OFDM system more efficiently among all the
narrowband pulse shaping techniques. Finally by
comparing all the narrowband pulses (Sine, Kaiser
and Tukey), it can be seen that the Tukey window
pulse will reduce the PAPR more significantly than
any other narrowband pulses and the existing system.
The Cross correlation achieved by the Sine, Kaiser
window and Tukey window pulses have very similar
performance for the range of the parameters n, beta
and r respectively. The normalized Cross correlation
of the Tukey window pulse for different values of r
between the OFDM block samples is shown in Figure
20. By increasing r, the Cross correlation between
different time pulse samples of the same OFDM
block is also increased. The difference of the side
lobe attenuation decay rates does not appear to affect
the Cross correlation over the range of the shape
parameters. Here the values of the parameter are
0.25, 0.5 and 0.75 and with the increase of r the Cross
correlation increases. The normalized Cross
correlation remains constant when |t1-t2|/T is from
0.28 to 0.72 and starts increasing after that. But for
Kaiser window pulse it increases a little bit when |t1t2|/T is 0.5. So, The Tukey window pulse shaping
technique reduces PAPR more efficiently than Kaiser
window pulse shaping technique.

reduces the PAPR of the OFDM signal without
affecting the bandwidth efficiency of the system and
does not require any side information. Basically these
types of simulation will be helpful for the future of
OFDM and the field of communication.
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