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Abstract: For the wireless communication, orthogonal frequency division multiplexing is an attractive technique, due to its several attributes.
However, the potentially large peak-to-average power ratio (PAPR) of the transmitting signals has limited its application. This high PAPR
causes interference when the OFDM signals are passed through an amplifier which does not have enough linear range. In this paper, methods for
PAPR reduction are investigated. There are different methods to reduce the high PAPR like coding, clipping, phase rotation etc. In the paper,
four methods: Clipping & Filtering, Selected Mapping, Clipping based Active Constellation Extension and Adaptive Active Constellation are
studied. In Clipping & filtering method, as the clipping level is increasing, while in SLM method on increasing the number of OFDM signal
frames U, PAPR decreases. In the CB ACE method, PAPR decreases as iteration increases but it results in degradation of BER. While in
Adaptive ACE method, PAPR decreases and it causes less error in bits, but complexity increases.
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I. INTRODUCTION

The IEEE 802.11a WLAN standard uses the orthogonal
frequency division multiplexing (OFDM) to support data
rates from 6 to 54 Mbps and operates in the 5-GHz band.
OFDM is a special form of multi carrier modulation
technique which is used to generate waveforms that are
mutually orthogonal. With OFDM, it is possible to have
overlapping sub channels in the frequency domain, thus
increasing the transmission rate. In order to avoid a large
number of modulators and filters at the transmitter and
complementary filters and demodulators at the receiver, it is
desirable to be able to use modern digital signal processing
techniques, such as fast Fourier transform (FFT) [1].

In the MIMO-OFDM, the output is the superposition of
multiple subcarriers. Some instantaneous power outputs
might increase very much and become higher than the mean
power of the system when the phases of these carriers are
same. This defines as the large Peak-to-Average Power
Ratio (PAPR) [2].

High PAPR is one of the serious problems in MIMO-
OFDM system. To transmit signals with high PAPR, it
requires power amplifiers with very high power scope. But
these kinds of amplifiers are very expensive and have low
efficiency-cost. For the linear amplifiers to transmit such
power is out of the scope. This results in non linear
distortions, which changes the superposition of the signal
spectrum and degrade the performance [3].

To reduce the high PAPR, one solution is to use such
amplifiers which have large trade-off range [4]. But these
amplifiers are generally expensive and have low efficiency-
cost. On the other side there are certain algorithms which
have good performance of high PAPR reduction. In this
paper, some of the methods, namely Clipping & Filtering,
SLM, Clipping based ACE and Adaptive ACE are studied
and compared on the basis of their PAPR performances and
error performances.
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Il. SYSTEM DESCRIPTION

In an OFDM system, the input bit stream is multiplexed
into N symbol streams, each with symbol period Ts, and
each symbol stream is used to modulate parallel,
synchronous sub-carriers. The OFDM symbol can be

expressed as:
N—1

"""" O=n=N-1 (1)
where {Xm lare the baseband symbols on each sub-
carrier. At the receiver, the signal is converted back to a
discrete N point sequence v {1}, corresponding to each sub-
carrier. The demodulated symbol stream is given by:
.‘\'-_1

Yim) = Z yn)e ¥ +W(m) 0=m=N-1 (2)

n=0
where W (m) corresponds to the FFT of the samples of w
(n), which is the Additive White Gaussian Noise (AWGN)
introduced in the channel [5].

I1l. PEAK-TO-AVERAGE POWER RATIO

OFDM is one of the many multicarrier modulation
techniques, which provides high spectral efficiency, low
implementation complexity, less vulnerability to echoes and
non-linear distortion. Due to these advantages of the OFDM
system, it is vastly used in various communication systems.
But the major problem one faces while implementing this
system is the high peak-to-average power ratio of this
system.

Theoretically, large peaks in OFDM system can be
expressed as Peak-to-Average Power Ratio, or referred to as
PAPR, in some literatures, also written as PAR. It is usually
defined as o
L max[|x, ]

=10log,,— -
fgverage oo EBllx, 2]

where, Pyeac represents peak output power,Pgerage Means
average output power. E[.] denotes the expected value. For
an OFDM system with N sub-carriers, the peak power of

PAPR = (3)
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received signals is N times the average power when same
QPSK/QAM symbols are transmitted on each sub-carrier

[6].
A. Probability Distribution Function of PAPR:

According to central limit theorem, for a large number of
sub-carriers in multi-carrier signal, the real and imaginary
part of sample values in time-domain will obey Gaussian
distribution with mean value of 0 and variance of 0.5.
Therefore, the amplitude of multicarrier signals follows
Rayleigh distribution with zero mean and a variance of N
times the variance of one complex sinusoid. Its power value
obeys a y distribution with zero mean and 2 degrees of
freedom. Cumulative Distribution Function (CDF) is
expressed as follows

F (4)

The probability distribution function for PAPR less than

a certain threshold value, is therefore expressed as
P{PAPR = x) = F(x)¥" =1 —ex (5)

It is preferred to take the probability of PAPR exceeding
a threshold as measurement index to represent the
distribution of PAPR. This can be described as
“Complementary  Cumulative  Distribution ~ Function”
(CCDF).

A. P(PAPR >x) =1—-P(PAPR <x)
=1-FlJ¥=1-(1- (6

Fig.1 shows CCDF distribution of PAPR with different
number of sub-carriers (i.e. N=32, N=128, N=1024). The x-
axis represents the PAPR thresholds while the y-axis
represents the probability of CCDF.

PAPR Vs CCDF

CCDF

PAPR [dB]

Figure 1. PAPR’s curve of OFDM signal
IV. METHODS FOR PAPR REDUCTION

There are many different algorithms that have been
proposed to reduce the high PAPR in OFDM system. The
PAPR reduction techniques which have discussed in this
paper are as follows:

A. Clipping and Filtering:
Amplitude clipping is considered as the simplest
technique which may be under taken for PAPR reduction in

an OFDM system. A threshold value of the amplitude is set
in this case to limit the peak envelope of the input signal.
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Signal having values higher than this pre-determined
value are clipped and the rest are allowed to pass through
un-disturbed.

o _ [T x| = A
" l4eP x| > A

Where, = the amplitude value after clipping, = the
initial signal value, A=the threshold set by the user for
clipping the signal. Amplitude clipping causes distortion
which falls in both in-band and out-of-band. A repeated
filtering and clipping operation can be implemented to solve
the problem of out-of-band distortion. The desired
amplitude level is only achieved after several iteration of
this process [7].

For the simulation, OFDM signal with N=128 sub-
carriers modulated by QPSK has been used. The signal is
four times clipped and filtered to get the better performance
as shown in fig 2. The probability of high PAPR is
significantly decreased. Increasing the level of clipping,
leads to the improvement of PAPR reduction performance.
In this method significantly improves the PAPR distribution
of OFDM system but BER performance degrades due to in-
band distortion.

(7)

0

PAPR Vs CCDF by using clipping and filtering
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Figure 2. Comparison of PAPR using clipping and filtering method

B. Selected Mapping:

The main objective of this technique is to generate a set
of data blocks at the transmitter end which represent the
original information and then to choose the most favorable
block among them for transmission. Let us consider an
OFDM system with N orthogonal sub—carriers. A data block

vector X = [X. % ..X,_.]" representing modulation
symbol transmitted over N sub-carriers. X is multiplied
element by element with U vector
P = [BE B .. P17 | where PY =g/ and
p¥e[02x) for u=12..U and P* is defined so
that B, .. = 1, where |.| denotes the modulus operator. This
results in vector X% = (X% X%, ... XE_.17, after IDFT, a
corresponding OFDM signal ¢ given by
N=1

xl = i_ My PE T 0=t T (8)

Wil n=0

where T is the OFDM signal duration and is the sub—
carrier spacing. Among the modified data blocks, the
block with the lowest PAPR is selected for transmission
[8]. The amount of PAPR reduction for SLM depends on the
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number of phase sequences U and the design of the phase
sequences. To the receiver, the information about the
selected phase sequence has to be transmitted as side
information. To recover the original signal, reverse
operation is performed at the receiving end.

X=X )
N-point | 0
IFFT 7 select
the
Serial N-point |, 3’:22? %
Inputdata — to IFFT = v?ith —
parallel the
minimum
~,| N-point E PAPR
IFFT
1If necessary,

{side information to transmit

Figure 3. Block diagram of SLM method

OFDM system with =128 carriers and oversampling
factor =8, modulated by QPSK with phase set of [1 -1 j -j]
has been used for simulation as shown in figure 4.
Comparison of PAPR reduction performance with different
values of has done. The probability of high PAPR is
significantly decreased. As we increasing the value of
leads to the improvement of PAPR reduction performance.
Increasing the number of OFDM signal frames  will raise
the complexity, but with benefit of improvement of PAPR
reduction performance.

PAPR Vs CCDF by using selected mapping

10

| = Original | ]
s U
U=4
alt. - U=8
— U=16

CCDF
=
T

PAPR [dB]

Figure 4. Comparison of PAPR using SLM method

C. Active Constellation Extension:

In the active constellation extension method, in the data
signal block some points in the outer signal constellation are
dynamically extended toward the outside of the original
constellation so that the value of PAPR is reduced. For the
OFDM signal with QPSK modulation, there are four
possible constellation points, which lie in each quadrant in
the complex plane and are equidistant from the real and
imaginary axes. Assuming white Gaussian noise, the
maximum-likelihood decision regions are the four quadrants
bounded by the axes, and thus a received data symbol is
assigned according to the quadrant in which the symbol is
observed [9].

Those points which are, farther from the decision
boundaries than the nominal constellation point which offers
increased margin which guarantee lower error rate. Thus
modification in constellation can be allowed with better

© 2010, IJARCS All Rights Reserved

performance. This can be illustrated in figure 5, where the
shaded part represents the region of increase margin in first
quadrant. Figure 6 shows the scatter plot of ACE method for
QPSK modulation. Figure 7 shows the scatter plot of QPSK,
without using algorithm. It is clear from figures that, after
applying ACE method, some of the points are shifted
towards outside.

Im
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Figure 5. ACE for QPSK modulation
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Figure 6. Scatter plot of QPSK
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Figure 7. With ACE method

a) Clipping-Based Active Constellation Extension: The
basic principle of the Clipping-Based Active
Constellation  Extension  (CBACE) algorithm
involves the switching between the time domain and
the frequency domain. Filtering and applying the
ACE constraint in the frequency domain, after
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clipping in the time domain, both require iterative
processing to suppress the subsequent re-growth of
the peak power [10].

The CB-ACE algorithm is first used to clip the peak
amplitude of the original OFDM signal. The clipping sample
obtained after clipping the peak signals, denoted by

|24

5

where, = Clipping Sample of the i iteration, =

Oversampled OFDM signal, A = Predetermined Clipping

Level, = arg (-). The predetermined clipping level, denoted
by A, is related to the target clipping ratio, y and is given.

A

I:::w.::. -

th

V== (10
E { }”‘ = . 4
where, y = Target Clipping Ratio, A = Predetermined
Clipping Level, X, = Oversampled OFDM signal

PAPR Vs CCDF by CB-ACE Algorithm with iteration
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Figure 8. CB ACE method with 4 iterations

PAPR s CCDF by using CB-ACE Algotithm
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Figure 9. CB ACE method with different values of Gamma

The in-band distortion results in the system performance
degradation and cannot be reduced, while, the out-of-band
distortion can be minimized by filtering the clipped signals.
The signal obtained after filtering the clipped signal is given
by

i+1 ] w LE "
x T =x 48 (11}
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Where are the feasible points which can be extended in
active region, we can get these points by done following
comparison. If

o - R

real X, J+real(Cy ) = 0& imglX" ) +imglC. ) =

Then, X" =X, +C, Otherwise, & €.~ =10
b) Adaptive Active Constellation Extension: For
reducing the Peak-to-Average Power Ratio (PAPR)
adaptive ACE control both the clipping level and the
convergence factor at each step and thereby minimize
the peak power signal whichever is greater than the
initial target clipping level. The Convergence Factor
(CF) [11], denoted by p can be estimated by
A[{ et ]
PR O O]
where, = Real Part, = Peak Signal above the Pre-
Determined Level, = Anti-Peak Signal at the i" iteration
The clipping level, denoted by A, for the next iteration is
given by

i

A = A0 4oy, (14)
The gradient with respect to the target clipping ratio,
denoted by  , isgiven by
o I:.E.'
i | b -
Vi=— (13)
.'.';,
where, = Next Iteration Level, = Present Iteration

Level, = Step size with, = Gradient with respect to A, =
Number of peak samples larger than A.

PAPR s CCDF by using adaptive CB-ACE Algorithm
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Figure 10. PAPR performance by using Adaptive ACE method

¢) Bit Error Rate Comparison: When no method of PAPR
reduction is used, the BER of 10 with QPSK constellation
is obtained at approximately 7.2 dB. With CB ACE method
the targeted BER is obtained at 7.8 dB. In case of adaptive
ACE a gain of 0.4 dB is obtained. Adaptive ACE method is
more effective for PAPR reduction, as it less degrade the
BER performance than CB ACE. The normalization of all
signal power to unity, causes poor BER, but Adaptive ACE
algorithm, adjust all the signal power such that it causes less
error in bits as compared to CB ACE method.
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SNR vs BER
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Figure 11. SNR v/s BER comparison
V. CONCLUSION

This dissertation discusses four methods Clipping &
Filtering, SLM, CB ACE and Adaptive ACE. All four have
the potential to reduce PAPR at the cost of loss in data rate,
transmit  signal  power increase, BER increase,
computational complexity increase, etc. In clipping &
filtering, time domain high amplitude peaks are removed but
in-band distortion & out-band distortion results. Out-band
distortion can be removed by filtering the clipped signal and
iterative Clipping & Filtering can reduce in-band distortion.
In ACE method, transmitted power of signal has increased.
When this power is normalized to unity, result in
degradation of BER. In Adaptive ACE method, the BER
degradation is less as compared to CB ACE method. In
SLM method, to recover the information side information of
phase sequences are required. If this side information gets
errors then the whole symbol will get corrupted. No specific
PAPR reduction technique is the best solution for all
multicarrier transmission systems. Rather, the PAPR
reduction technique should be carefully chosen according to
various system requirements. In practice, the effect of the
transmit filter, D/A converter, and transmit power amplifier
must be taken into consideration to choose an appropriate
PAPR reduction technique.
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