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Abstract The peak-to-average-power ratio (PAPR) is one of the major problems of Orthogonal Frequency Division
Multiplexing (OFDM) systems. Various PAPR reduction techniques have been given in the past. Among these techniques,
the clipping technique has been widely adopted as a practical scheme because of its low computational complexity and
simplicity in implementation, while the pre-coding technique is known to provide good PAPR reduction with improved bit
error rate (BER) performance. In this paper, a combination of clipping and pre-coding is proposed to reduce PAPR with
almost same BER performance as given by individual pre-coding technique. The proposed technique gives good result
because the clipping noise of combined scheme would be less than that of single clipping. Also the clipping used in this
paper is not hard as used in conventional clipping. A new clipping algorithm is proposed which is based on averaging of
high amplitude samples. In addition, an another pulse shape called modified Bartlett Hanning (MBH) is proposed to

generate pre-coding matrix and its performance is compared with square root raised cosine (SQRC) pulse shape.dB.
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1. Introduction

The Orthogonal Frequency Division Multiplexing
(OFDM) has drawn major attention over last decade for its
usefulness in broad band wireless communication. Due to its
numerous benefits like high data transmission rate, high
bandwidth efficiency, robustness against multi-path fading
and less complex equalizer, OFDM has been adopted as a
major data transmission technique by many wireless
communication standards, such as IEEE 802.11a[1], IEEE
802.16a[2] and terrestrial digital video broadcasting (DVB-
T)[3] systems in Europe.

However, the major demerit of OFDM system is the high
peak-to-average power ratio (PAPR) of transmitter’s output
signal. When a high PAPR OFDM signal is passed through a
nonlinear power amplifier, it reduces the efficiency of power
consumption and causes in-band distortion and undesired
spectral spreading[4]. Due to this, the bit error rate (BER)
performance of the system also degrades. Thus, the PAPR
reduction is one of the most important research interests for
the OFDM systems. In the absence of PAPR-reduction
techniques, the signal is clipped, making the receiver prone
to errors

Several PAPR reduction techniques are reviewed in[5].
These techniques include clipping and filtering[6]-[7],
coding methods[8]-[11], probabilistic methods like Partial
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Transmission Sequence (PTS) and Selective Mapping
(SLM)[12]-[14], non linear companding[15]-[16],
constellation shaping[17]-[18], pulse shaping[19] and pre-
coding[20]-{22].

Clipping is the simplest method for the reduction of PAPR
by simultaneously increasing the average value and
minimizing the peak value. On the other hand, the pre-
coding has been considered as a best among all these
techniques because it improves PAPR without increasing
much complexity and without destroying the orthogonality
between subcarriers. The pre-coding also improves the BER
in comparison to normal OFDM system because of diversity
gain obtained due to the spreading of data symbol on more
than one subcarrier.

With the studies on clipping and pre-coding techniques,
an idea emerged to combine the philosophy of pre-coding
and peak clipping (in place of clipping of entire symbol).
This combination shows good results, because of pre-coding
makes the envelope almost constant and then peak clipping
reduces the peak value. In this article, the comparison of
results obtained by proposed algorithm is made with results
reported in[20] and[21], which clearly show the superiority
of proposed method. With the proposed algorithm the
hardware complexity is also similar as in the case of only
pre-coding technique. In[20] and[21], the performance of
raised cosine (RC) and square root raised cosine (SQRC)
window functions have been evaluated. In the present study,
the performance of SQRC is compared with the Modified
Bartlett-Hanning (MBH) window function[23]. The BER
comparison is done over Rayleigh frequency selective fading
channel[24].
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Figure 1. Base-band OFDM System model with N subcarriers

The paper is organized as follows. The system model is
given in section-2. The PAPR analysis is given in section-3.
The peak clipping algorithm is described in section-4. The
performance analysis is done in section-5. Finally,
conclusions are given in section-6.

2. System Model

In this study, a discrete time baseband OFDM system with
N orthogonal sub-carriers has been considered as shown in
Fig.1. It consists of transmitter, channel and receiver blocks
which are described below.

2.1. Transmitter

In this system, a block of log, M input bits are mapped in
to symbol constellation point D,,, by an M-ary data encoder,
and then N such symbols are transferred by the serial-to-
parallel converter. Data encoder can use any types of
modulation techniques (e.g. BPSK, QPSK, QAM etc.).
These complex parallel data symbols dq,d,,ds, ...,dy are
then fed to the IFFT block for a normal OFDM system. On
the other hand for pre-coded OFDM system as shown in
Fig.1, these data symbols are first given to pre-coder block
and then the IFFT of pre-coded L symbols are taken. The
pre-coded OFDM signal with L-subcarrier can be written as
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x(n) = ZX(k)e L

k=0

,n=0,1,2,.,L-1. (1)

where, G is length of cyclic prefix, X (k) is the output of pre-
coder block and it is defined as —
N-1
X(k)y=% p,,D,, k=012,.L-1 2)
n=0
where, D, is the complex data symbol of data rate 1/T, and

Pr.n is the element of pre-coder matrix P of size L X N,
which is defined as
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After IFFT, the pre-coded OFDM signal is given to
clipping block, where the signal is clipped according to the
algorithm defined in section-4.

2.2. Receiver

The tap-delay line model with Z-path is considered for
frequency selective fading channel. The received signal
r(n) from a multipath fading channel may be represented as-

where, h(m) is the channel impulse response of mth path
and w(n) is a zero-mean, unit variance complex Gaussian
noise. After discarding first G sample of the received signal
and taking L-point FFT, the output of FFT block R(k) is
given as —

R(k)y=X(k)H(k)+W (k), for k=0,1..L-1. (5)
The term H(k) is the channel response to the subcarrier
frequency k/L. To compensate the fading affect of channel,
one-tap equalizer is used and each element of vector R (k)is
multiplied by a equalized gain factor G(k), the output of
equalizer may be written as-

X (k)= X(k) H(k) G(k)+ W(k) G(k), (6)

Where, G (k) is defined as —

G(k) = f>“) (7
|| +(N, I E,)

The output of equalizer is now multiplied with matrix P*.
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where, P* is the Hermitian transpose of P . After

multiplication we get a vector of length N

D. =P x X(k), for n=0,1.N-1. (8)
This vector D, is then given to decoder to recover
transmitted symbol (M-PSK / M-QAM).

3. PAPR Analysis

The PAPR of the transmitted signal x(n) can be defined as
follows

oo, ]

E[‘x(n)‘z]

where, |x(n)|? is the instantaneous power and E[|x(n)|? is
average power of the pre-coded OFDM signal x(n). The
element of pre-coding matrix can be determined from the
basic function p(t) as given by[20] —

PAPR [x(n)]= ©)

t
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After solving (10) —
(1D

where, P(k/ NTy) is the Fourier transform of function p(t).
From (1) it is clear that the signal x(n) will depend on the
elements of pre-coding matrix P, and this can be easily
shown that the PAPR of signal x(n) can be controlled by
proper selection of p(t)[20].

Two window functions namely SQRC[20] and Modified
Bartlett-Hanning (MBH)[23] have been compared in this
study of reduction of PAPR. The expression, in the context
of PAPR reduction, of SQRC function as given in[20] is —
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The expression for MBH window function after due
changes for PAPR improvement is given as
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There are two parameters (B and o; pulse shape parameter
and roll-off factor respectively) which decide the shape of

pulse and its performance in an OFDM system. The range
of B is from 0.5 to 1.88 as given in[23] and o can take any
value between 0 and 1. Fig. 2 shows the comparison
between the complementary cumulative distribution
function (CCDF) of the PAPR of OFDM signal with N=64
subcarriers for SQRC and MBH window function. It is
clearly visible from the graph that the pre-coder based on
MBH window function with B = 1.5 performs better than
the SQRC based pre-coder.
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Figure2. Comparison of CCDF of the PAPR of the pre-coded OFDM
signal with N=64 subcarriers for SQRC and MBH window function

4. Peak Clipping Algorithm

The proposed peak clipping is different than normal peak
clipping method because in normal peak clipping only one
peak of OFDM symbol is clipped whereas in proposed
method, the “Q” high amplitude samples of OFDM symbol
are taken. These samples are reduced in amplitude by
averaging. The proposed algorithm is given as

New Clipping Algorithm

First arrange the OFDM signal x(n),(n = 0,1,2, ..., N — 1)
in ascending order of their amplitude.
l: y(n) « sort(|x(n)| // Arrange x(n) in
ascending order of its amplitude //
// Initialize main
loop counter //

3: while i <= NOI do // NOI 1is a

number of iteration, outer main loop starts//

2 i1

4: j «L /" Initialize inner loop counter //
5: while j>L—-Q+1 do /I Q is number of
high amplitude sample taken
/I for averaging //
6: ly(D| « —|y0)|+|2y0_1)| // average of j™ and (j-
1)™ samples //

70 j=j-1
8: end while // Inner loop ends //
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9: i«i+1

10: end while // Outer main loop ends //

11:  z(n) « desort(|y(n)| // re-arrange all
the samples of y(n) at their original location.

After applying peak clipping algorithm, the amplitude of
clipped signal z(n) is raised so that the average power is
same as before clipping.

5. Performance Evaluation

In this section, the performance of proposed algorithm is
evaluated and compared with exponential companding while
taking normal and pre-coded OFDM system. The CCDF of
PAPR, BER, and power spectral density (PSD) has been
taken as performance evaluation parameter. The BER
performance is evaluated in frequency selective fading
channel and PSD plots are given with four times oversample
data. For this simulation, a 64 sub-carrier OFDM system
with QPSK modulation is taken. The tap-delay line model
with Z-path is considered for frequency selective fading
channel[24]. The pre-coder is based on MBH window
function with roll-off factor a = 11% and pulse shape
parameter = 1.5.

Fig. 3 shows the CCDF plots of normal OFDM system
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Figure 3. CCDF of the PAPR of OFDM signal
with proposed algorithm
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Figure 5. BER for 64- subcarrier QPSK-OFDM
over frequency selective Rayleigh fading channel
with Z=10

with and without peak clipping algorithm. It is clearly visible
from the graphs that as the number of iteration (NOI)
increases, the PAPR is reduced more. This reduction is not
linear because after some iterations (for example, NOI = 40
in our case), the PAPR is not reducing much, this can be
considered the saturation level of iteration. For further
reduction in PAPR, Q has to be changed.

The proposed algorithm is also compared with exponential
companding (EC) method. The comparison is shown in Fig.
4. It is clearly visible from the graphs that proposed method
gives better result than EC method (d=2). The BER
performance of proposed algorithm and EC method is shown
in fig. 5. In conclusion, the proposed algorithm gives better
the PAPR than EC with almost same BER. The PSD plots
support this statement as shown in Fig 6.

Fig. 7 shows the CCDF plots of pre-coded OFDM system
with and without peak clipping algorithm. The CCDF of
PAPR without peak clipping with o = 22% is similar to
CCDF of PAPR with peak clipping with o = 11% only.
Therefore, a 50% overhead is reduced. The BER
performance of pre-coded OFDM system with our proposed
algorithm is shown in fig. 8. The conclusion is that with our
algorithm the PAPR is reducing more than conventional pre-
coding with a small BER degradation.
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Figure 4. Comparison of CCDF of the PAPR
of OFDM system with exponential companding
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Figure 6. Comparison of Power Spectral density
of 64- subcarrier OFDM system with exponential
companding and proposed algorithm
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Figure 7. CCDF of the PAPR of the pre-coded OFDM  Figure 8. BER for 64- subcarrier pre-coded OFDM

signal N=64 subcarriers with proposed algorithm

6. Conclusions

In this paper, a novel algorithm of peak clipping is
proposed in a pre-coded OFDM system to reduce the PAPR.
The proposed technique is better than conventional because
it does not require any increase in roll off factor to reduce
PAPR. Increasing the roll off factor degrades the BER as
given in[21]. The peak clipping after pre-coding reduces
PAPR and reduced the overhead. The BER performance is
not affected in the proposed method.

ACKNOWLEDGEMENTS

Authors thankfully acknowledge the guidance provided for
shaping the article.

REFERENCES

IEEE Std 802.11a-1999, Wireless LAN medium access
control (MAC) and physical layer (PHY) specifications,
1999.

IEEE Std 802.16a-2003, Air interface for fixed
broadband wireless access systems — Amendment 2:
medium access control modifications and additional
physical layer specifications for 2-11 GHz, 2003.

ETSI EN 300 744 v1.4.1 (2001-01), Digital video
broadcasting (DVB-T); framing structure, channel
coding and modulation for digital terrestrial television,
2001.

S. Hara and R. Prasad, 2003, Multicarrier Techniques
for 4G Mobile Communications Artech house Publisher,
London.

(1]

(2]

(3]

(4]

Tao Jiang, and Yiyan Wu, 2008, An Overview: Peak-to-

Average Power Ratio Reduction Techniques for
OFDM Signals, [EEE Trans on Broadcasting,
54(2), .257- 268.

X. Li and L. Cimini, 1998, Effects of clipping and

(5]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[13]

[16]

[17]

system over frequency with selective Rayleigh fading
channel with Z=10 with proposed algorithm

filtering on the performance of OFDM, /EEE Commun.
Lett., 2(4), 131-133.

H. Ochiai and H. Imai, 2000, Performance of the
deliberate clipping with adaptive symbol selection for
strictly band-limited OFDM systems, [EEE J. Select.
Areas Commun., 18(11), 2270-2277.

A. E. Jones, T. A.Wilkinson, and S. K. Barton, 1994,
Block coding scheme for reduction of peak-to-average
envelope power ratio of multicarrier transmission
systems, IEE Electronics Letters, 30(8),2098-2099.

K. Paterson, 2000, Generalized Reed-Muller codes and
power control in OFDM modulation, IEEE Trans.
Inform. Theory, 46(1), 104—120.

O. Daoud, O. Alani, 2009, Reducing the PAPR by
utilisation of the LDPC code, IET Commun., 3(4),
520-529.

H.Yoo, F. Guilloud AND R. Pyndiah, 2011, PAPR
reduction for LDPC coded OFDM systems using
binary masks and optimal LLR estimation, Signal
Processing 91,2606-2614

R. J. Baxley and G. T. Zhou, 2007, Comparing selected
mapping and partial transmit sequence for PAR
reduction, IEEE Trans. Broadcasting, 53(4), 797-803.

Le Goff, S.Y.Boon Kien Khoo Tsimenidis, C.C.Sharif,

B.S., 2008, A novel selected mapping technique for
PAPR reduction in OFDM systems, /[EEE Trans. on
Comm.,56(11),1775-1779.

S. Y. Le Goff, S.S. Al-Samahi, B.K. Khoo, C.C.
Tsimenidis, and B.S. Sharif, 2009, Selected Mapping
without Side Information for PAPR Reduction in
OFDM, [EEE Trans. on Wireless Comm., 8(7), 3320-
3325.

T. Jiang, Y. Yang, and Y. Song, 2005, Exponential
companding transform for PAPR reduction in OFDM
systems, IEEE Trans. Broadcasting, 51(2), 244-248.

Yuan Jiang, 2010, New Companding Transform for
PAPR Reduction in OFDM, [EEE Comm. Letters,
14(4), 282-284.

A. Mobasher and A. K. Khandani, 2006, Integer-based
constellation- shaping method for PAPR reduction in



54 Rajiv Saxena ef al. A New Peak Clipping Algorithm for PAPR Reduction in OFDM

OFDM systems, /[EEE Trans. Comm., 54(1) 119-127.

[18] S.H.Han, J.M.Cioffi, and J.H. Lee, 2008, On the Use of
Hexagonal Constellation for Peak-to-Average Power
Ratio Reduction of an OFDM Signal, /EEE Trans. on
Wireless Comm., 7(3),781-786

[19] S. B. Slimane, 1998, Peak-to-average power ratio
reduction of OFDM signals using pulse shaping, in
Proc. VTC, 2067-2071.

[20] S. B. Slimane, 2007, Reducing the peak-to-average
power ratio of OFDM signals through precoding, /EEE
Trans. Vehi. Tech., 56(2), 686—695.

[21] Miin-Jong Hao, and Chiu-Hsiung Lai, 2010, Precoding

for PAPR Reduction of OFDM Signals With Minimum
Error Probability, IEEE Trans on Broadcasting, 56(1),
120- 128.

[22] M. Ma, X. Huang, B. Jiao and Y. Jay Guo, 2011,
Optimal Orthogonal Precoding for Power Leakage
Suppression in DFT-Based Systems, IEEE Trans. on
Comm.,59(3), 844-853

[23] Jai Krishna Gautam, Arun Kumar, and Rajiv Saxena,
1996, On the modified Bartlett-Hanning window
(family), IEEE Trans. Signal Processing. 44(8), 2098-
2102.

[24] J. G. Proakis, 200, Digital Communications, Fourth
Edition. New York: McGraw-Hill.



	1. Introduction
	2. System Model
	3. PAPR Analysis
	4. Peak Clipping Algorithm

