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Abstract

The main drawback of OFDM system is the high Peak to Average Power Ratio (PAPR) of the transmitted signals. Partial transmit
seguence scheme is a promising algorithm to reduce the peak-to-average power ratio (PAPR) in orthogonal frequency division
multiplexing (OFDM). The Partial Transmit Sequence (PTS) consist of several inverse fast Fourier transform (IFFT) operations and
complicated cal culations to obtain optimum phase sequence which results in increasing the computational complexity of PTS. A phase
sequence applied to the PTS Scheme reduces its complexity but at the expense of dight degradation in PAPR reduction. In this paper,
for further reduction of PAPR the peak clipping of the OFDM signal is introduced along with the PTS with new phase sequence
scheme. Since clipping is one of the simplest techniques of PAPR reduction, it does not increase the complexity of the system much
and a better PAPR reduction is obtained with the combined effect of clipping and PTS with New Phase Sequence. But the clipping
technique introduce some distortion in the signal, however peak clipping of signal below a particular threshold can maintain the BER
in the tolerable range. The clipping threshold selected will be different for different OFDM systems.

Index Terms. OFDM, Peak to Average Power Ratio (PAPR), Partial Transmit Sequence (PTS), Clipping.
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1. INTRODUCTION

Orthogonal Frequency Division Multiplexing (OFDM) one

of the prominent multicarrier modulation techniqused for
high speed data transmission in communication Byste
Immunity to Interferences and fading makes it a enor
promising method for next generation communication
systems. But the major problem one faces, while
implementing an OFDM system, is the high peak terage
power ratio (PAPR) of the system. OFDM consist anfgé
number of independent sub carriers, as a resulthi¢h the
amplitude of such a signal can have high peak gald®
transmit signals with such high PAPR, power amgigiwith
very high power scope is required. These kindsnopldiers
are very expensive and have low efficiency coshdeePAPR
reduction is necessary for an efficient OFDM sys{éin[2],

[3].

Previous works in this field results in many PARRIuction
schemes to overcome this problem [1],[4].The vai®APR
reduction techniques are Peak Windowing, Scalidgppig
and Filtering, Block Coding, Block Coding with erro
correction, Selective Mapping (SLM), Interleavingone
Reservation, Tone injection, PTS etc. [1].

Peak windowing, scaling and clipping are simplehnds of
PAPR reduction but at the cost of slight interfeenThese
methods introduce distortion in the OFDM signal. rfeduce

the interference, the clipped signal undergoesriiig. Block
coding technique reduces PAPR without any distortad
OFDM signal and Block coding with error correction
technique provide error correction capability indiidn to
PAPR reduction, but these methods are suitablstHort code
words [1],[4]. The SLM scheme performs well withyan
number of sub carriers and the major drawback liils
scheme is that the overheads of the side informatimuld be
transmitted to the receiver but the interleavingaisimple
method of PAPR reduction which does not induce siggal
distortion, however this method does not give assusance
on the result [3],[5],[6]. Tone reservation is adecomplex
method but it can result in data rate reduction reag Tone
injection method achieves PAPR reduction of OFDighals
with no data rate loss [7]. Requirement of sideinfation for
decoding signal at the receiver side and causepleanextra
IFFT operation are the drawbacks of this method41L]

The concentration of this paper is the Partial gnaih
Sequence (PTS) scheme, which is one of the moisiesiff
methods for PAPR reduction and is much better 8iavi and
other techniques [7]. However the computational glexity

of this method is very high and also phase sequappked to

the PTS scheme reduces its complexity but the PAPR
reduction degrades slightly [2],[3]. This paperracluces a
combination of PTS scheme with new phase sequert¢ha
clipping technique. As the clipping technique issiaple
method of PAPR reduction, the introduction of ttdshnique
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to the system of PTS with new phase sequence dokes n
increase the complexity. But the application ofkpebpping
technique introduces some distortion in the sighlmwever
the slight clipping of peak of the signal at a waftar value
gives better PAPR reduction at the cost of smafodiion of
signal.

Simulations are performed with QPSK modulation with
OFDM signal. The tool used for the simulation is tida
R2012a. PAPR is described by its complementary tativea
distribution function (CCDF). OFDM system with QPSK
modulation is implemented to plot the Bit Error &&ts SNR
of the original OFDM signal and the clipped OFDMjrsl.
Also the PAPR of the OFDM system before and after t
application of the PAPR reduction techniques aayaed.

This paper is organized as follows. Section Il uidgs the
OFDM system and signals generation, Section lis@nés the
PAPR, its causes and effects. Section IV presdmdsP{TS,
PTS with new phase sequence and low complexity Witts
clipping schemes. Section V and VI discuss the kitian
results and conclusions respectively.

2. OFDM

OFDM is an efficient method of high data rate traission in
communication systems. OFDM system consists ofelarg
number of independent sub carriers. These closgicesd
orthogonal sub carriers are used to carry data.

Fig -1: Block Diagram of an OFDM system

At the transmitter section the data is divided irseveral
parallel streams of channels, one for each suliecsriThese
sub carriers are modulated by phase-shift keyingK{Por
quadrature amplitude modulation (QAM) mapping teghes.
Transfer of signal over a channel is only possiblés time-
domain. For which IFFT is performed on this modedat
signal, to convert the OFDM signal in frequency @mto
time domain. Then cyclic prefix is inserted. Thelay prefix
is a periodic extension of the last part of an OFBnbol
that is added to the front of the symbol in thesraitter, and
is removed at the receiver before demodulation. different
sub carriers are added up to form the OFDM signal.

The signal is amplified using a power amplifierdeercome
the fading effects and passed through the AWGN roblan

where the signal undergoes distortion from whiteu$s&n
noise and multipath effects. At the receiver sectioe vice
versa of the operations at transmitter side isgperéd.

An OFDM symbol is made of sub-carriers modulated by
constellations mapping. For an OFDM system with u¥%-s
carriers, the high-speed binary serial input stréamenoted
as{a}. After serial to parallel (S/P) conversion and
constellation mapping, a new parallel signal segeen
{do,d1,dy,....d,...d\.1} IS oObtained, dis a discrete complex-
valued signal. When QPSK mapping is used:td, +i} and
when BPSK is used; d+1}. Each element of parallel signal
sequence is supplied to N orthogonal sub-carrievs f
modulation, respectively. Finally, modulated signate added
together to form an OFDM symbol. Use of discreteiriay
transform simplifies the OFDM system structure. The
complex envelope of the transmitted OFDM signals ba
written as:

x(t) = ETAIX (DY 0<e<T (1)

where X(k) is the data symbol of k-th sub carrid,is the
number of sub carrierdf is the frequency difference between
sub carriers and is the OFDM symbol duration [8].

3. PEAK TO AVERAGE POWER RATIO

The PAPR of OFDM signals x(t) is defined as theorat
between the maximum instantaneous power and iteagee
power [4]. The PAPR (in dB) of the transmitted OFBignal
can be defined as:

_ maxos<e<r[lX(®)1?]
PAPR === {xr) 2

Where E[.] is the expected value operator. In an OFDM
system the different sub carriers are added togédhferm the
OFDM symbol. That is the system output is the sppgtion

of multiple sub-carriers. In this case some ingtaebus power
output might increase greatly and become far highan the
mean power of system. This causes high PAPR in RDND
system. High PAPR signals would require a largegeaof
dynamic linearity from the analog circuits whichually
results in expensive devices and high power conompith
lower efficiency. If no measure is taken to redtlee high
PAPR, OFDM system could face serious restrictiom fo
practical applications.

PAPR is a random variable because it is a funafahe input
data, and the input data are random variable. Torer® APR
can be calculated by using level crossing rate réracthat
calculates the average number of times that thelepg of a
signal crosses a given level. Knowing the amplitude
distribution of the OFDM output signals, it is edeycompute
the probability that the instantaneous amplitudi lvé above

a given threshold and the same goes for power. This
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performed by calculating the cqtementary cumulativ
distribution function (CCDF) for different PAPR wes a:
follows

CCDF = Pr (PAPR > PAPR,) (3)

The Cumulative Distribution Function (CDF) is oné the
most regularly usegarameters, which is used to measure
efficiency of any PAPR technique. The CCDF helpsta
measure the probability that the PAPR of a centiaita block
exceeds the given threshold.

4. LOW COMPLEXITY PTSWITH CLIPPING

The PTS, PTS with new phase seqce schemes and t
computational complexity equations are based oempap.

4.1 Partial Transmit Sequence Scheme (PTS)

The basic idea of partial transmit sequence schgiteedivide
the original OFDM sequence into several sub seqseanc
for eachsub sequence multiplied by different weights uati
optimum value is chosen [3],[9]. For implementingS
scheme possible phase factors or weights are geberatet
depending on the mapping used. Every subsequen
multiplied with every weights germied and PAPR |
calculated each time. The phase factors for w
subsequenceright product signals with minimum PAPR
obtained is chosen as the optimum values for weildints the
signals with low PAPR is obtained.

X, b,
b x'(b)

Sub-block N v
partitioning > | IFFT I @
Xy by
IFET | .,.?1_,

A 4 A 4

A 4
+

| Phase optimization |

Fig -2: Block Diagram of PTS &hemt

Let X is the random input signal in frequency domuaiith a
length of N. X is divided into V disjoint sub bloe

XU = [XU,OIXU,l’ .....,Xv'N_l]T (4)

Where? = 1,2, ...V The partitioning of input signal |
to sub blocks is such that the summation of thekeldocks
gives the input signal X, ie.

Lo=1Xy =X (5)

Then these sub blocks are combined in time donTdig.suk
block partition is based on interleaving in whiche
computational complexity is less compared to adja@nd
Pseudaandom, however it has the worst PAPR performi
among them. Then apply the phase rotation fact,’ to the
IFFT of each of the sub dtks.

bv = ejev (6)

Wherev=1,2,..., V. The time domain signal after combinisi
given by:

x’(b) = 21‘;:1 byx, (7)
Wherex'(b) = [x'o(b),x'1 (D), ... x yy_1(B)]T and L is
the over sampling factor. The optimum sigx'(b) with the

lowest PAPR is to be found o

Both b and x can be shown in matrix form as follt

[ bl’ bl' .....,b1

b=|: : : (8)
| by by, by Ly
'xllo, xl'l, raay xleL_l

x = : H : (9)
[ Xv,00 Xy, 15 o Xy NL-1

VX NL

It should be noted that all tlelements of each row of matrix b
are of the same values in this method. In orddrae exac
PAPR calculation, at least 4 times over samplingeisessary
As the over sampling of x, add zeros to the vedience th¢
number of phase sequence to muli to matrix x will remain
the same.

The PTS consist of several inverse fast Fouriensfam
(IFFT) operations and complicated calculations totam
optimum phase sequence which results in increasie
computational complexity of PT

4.2 PTSwith New Phase Sequence

Xy o b1,1.....o1n ]|
IFFT ¥, >
: 1
X b21.....bz,n x (b)
Sub-block N
—> partitioning IFFT '@ >+ —>
Xy bv,1.....ov,N
—b| IFFT II P
4 \ 4

| Phase optimization |

Fig -3: Block Diagram of PTS with new phase sequt
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In this scheme, new phase sequence is generated tfre
possible phase factors. The possible phase factongeights
depend on the mapping used as in PTS. For exampieei
case of number of allowed phase factdvs4(QPSK), then
phase sequence can be chosen from {1,,-1,-} atdtHe
phase sequence consist of N random values. Theephas
sequences can be random, adjacent or interleav@d The
random phase sequence provides better PAPR reductio
compared to the adjacent and interleaved phaseesegs!
[1],[4]. The new phase sequences form the phasaesegq
matrix. Thus the new phase sequence matrix hagrelift
values in each row.

The phase sequence matrix can be as follows

bl,l' bl,Z' TN bl,N
p=]: : : (10)

bV,l' bV,Z‘ e b,N VX N)

WhereN is the number of sub carriers axds the number of
sub blocks. The matrix ‘X’ has ‘V x NL&lements and each
row consists of Nlelements.

xl'o, xl'l, ey xl'NL_l
x=| : : (11)

xV'O, xV'l, s xV'NL_l

(VX NL)

The new phase sequences are multiplied with eatheoub
sequences correspondingly to obtain the time dorsiginal.
The phase factors from the phase sequences whidge the
signals with smallest PAPR is chosen as the optindalues.
Instead of an exhaustive search for phase factems phase
sequence matrix is applied to PTS, hence the codityplef
this method is lower than that PTS but as the aptimveight
selection is restricted from the generated phaspiesee
matrix, there is slight degradation in performaf&je

For comparison with the PTS, the phase sequencexnat
this scheme can be extended as

bl,N

(12)

be.n PXN)

Where P>V and is the number of iterations that khbe set
in accordance with the number of iterations of Pé&.
The value of P can be calculated as follows:
p=pw'1? (13)
where D=1,2,...[3 D is the coefficient that can be specified
based on the PAPR reduction and complexity Brds the

amount that is specified by the user. The valub dépends
on the number of sub blocksif the number of allowed phase

factor is assumed to be constant. There is a tfadep
choosing the value dD, the higherD leads to higher PAPR
reduction but at the expense of higher complexityije lower
D gives smaller PAPR reduction but with less comyexi

4.3 Computational Complexity
The total complexity of the PTS is given by,

=3 4 ovIN
2logN

(14)

CP TS

Where 13771 and | is the number of iterations required for
searching the optimum phase factor. The total cerityl of
the PTS with New Phase Sequence is given by,

3VN

———+ PVN
4VN log N

(15)

Cnewprs =
where P is the number of iterations and V is thelber of sub
blocks. It can be observed that the complexity @qos
consist of two parts; the first part is actuallg tomplexity of

the IFFT itself and the second part is the compjeaf the
searching algorithm [2],[11].

4.4 Low Complexity PTSwith Clipping

In this method, the OFDM symbols are divided imtomber
of sub blocks and the signals corresponding to IBFEach
sub block is clipped. This method provide better PIRA
reduction than the PTS scheme with new phase sequan
the clipping introduces slight distortion in thgrsal.

As the PTS with new phase sequence offers less leaityp

than conventional PTS, it is considered as thedomplexity
PTS throughout this paper.

h L bt gL
—+ [T Clipping

X . b, Lo iz
t——{ IFFT % Clipping —r ¥
Sub block

X Partioning | .

Xy
IFFT # Clipping
—— ’—

x(b)
+ —

by gy

Phase Optimization

Fig -4: Block Diagram of Low complexity PTS with clipping

Here, the OFDM sequence is divided in to severgl gvb
blocks as in PTS and new phase sequence appli&i$o
schemes. In this method separate clipping is danesarh
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block. The peak clipping can be performed only dnet
domain signal. Hence clipping is introduced in tieev phase
sequence applied to PTS scheme after the IFFT tiperia
each block.

The advantages of this scheme are:

* Low complexity: As clipping is a PAPR reduction
technique which is simple in implementation, the
introduction of clipping to a low complexity PTS
scheme does not increase the complexity of the
system.

* Better PAPR reduction: The combined effect of
clipping and PTS with new phase sequence scheme
reduces PAPR considerably.

« Enhancement of power efficiency and therefore less
power consumption and more battery life.

But the clipping technique introduces distortiontle signal
[12],[13]. However peak clipping of signal belowparticular
threshold can maintain the BER in the tolerablegean
Therefore the system can be used only where the MOFD
system can tolerate slight reduction in performaneeless
power consumption and more battery life are the omaj
concern.

5.SIMULATION RESULTS & OBSERVATIONS

The simulation is performed with 64 sub band OFDM
symbols. PAPR reduction of OFDM with QPSK and BPSK
mapping and the computational complexity of PTSegud
with different number of sub blocks in [2] are exaad. Over
sampling factor selected for the various PAPR r&dnc
simulations is, L=4.

As the clipping technique causes distortion of signal, the
clipping technigue has to be implemented suchittdaes not
degrade the performance of the OFDM system belosv th
tolerable range. The threshold value set for peghping
depends on the OFDM system and the input signaé Th
clipping at an amplitude of 0.2 strictly dependstba OFDM
system and input signal used in this work. Theiteathieved
on 10000 OFDM symbols and the following results are
obtained.

Table-1: Computational Complexity of PTS Scheme for
Different Number of Sub Blocks

Number of | Number  of Complexit
Sub Blocks Sub carriers P Y

2 256 1.0702e+03
4 256 3.2860e+04
8 256 1.6777e+07

From Table -lit is clear that as the number of bidrks
increases the complexity increases as in [2].

CCDF of PAPR of the original OFDM system and with PTS

Original OFDM
| —— PTS with QPSK
PTS with BPSK

CCDF (PI{PAPR=PAPRO])
=

PAPR(dE)

Fig-5: PAPR reduction of PTS Scheme with BPSK and
QPSK modulation

Fig. 5shows the PAPR of original OFDM system, the PAPR
of OFDM system which has undergone the Partial Siran
Sequence Scheme with QPSK and BPSK modulation. The
PAPR of original OFDM system lies near to 11dB veaerthe
PAPR of PTS system with QPSK modulation lies ned@ tB
and the PAPR of PTS system with BPSK modulatios fiear

to 7 dB. From Fig. 5t is clear that PTS method provides a
better PAPR reduction performance with QPSK map irag
with BPSK mapping. Based on the simulation resuiitained

in Fig. 5 and TABLE I, the QPSK mapping and numbiesub
blocks, V=4 are used in the rest of the simulations

BER vs SNR

e T e
OFDM
clipped OFDM

SNR (dB)

Fig-6: BER Vs SNR of OFDM system with and without
clipping of peak of OFDM signal.

Fig. 6shows the BER Vs SNR plot of OFDM system with and
without clipping of the OFDM signal peak. From tligure it
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can be observed that the BER is slightly increagedthe
OFDM system when the peak of the OFDM signal ippsi,
ie the clipping at amplitude of 0.2 introduced Btiglistortion
in the OFDM signal. However as this value of clippi
threshold introduces only slight performance degtiad this
value can be used for clipping of in the input sigm the
OFDM system for PAPR reduction.

CCDF of PAPR of New PTS with Clipping

10 == - I T T I

— Original OFDM
T|—FTS

- new PTS for D=1

t...{ — Clipped new PTS for D=1

=,
T

__________________

Probability of (PAPR > PAPRO)

--------

_______

PAPR in DB

Fig-7: PAPR Reduction of PTS scheme, New phase sequence

applied to PTS Scheme and PTS Scheme with both New
Phase Sequence and clipping

Fig.7 shows the PAPR of original OFDM system, the PAPR
of OFDM system which has undergone the Partial Siran
Sequence Scheme, PTS with New Phase sequence sahdme
PTS Scheme with both New Phase Sequence and gjipipin
can be observed that the PAPR reduction of the dff&me
with both New Phase Sequence and clipping scherigesof
better PAPR reduction than the Partial Transmitugage
Scheme and the PTS with New Phase sequence sché¢nge a
expense of slight reduction in system performance.

CONCLUSIONSAND FUTURE WORKS

The major difficulty one faces in the practical iexpentation
of the Orthogonal Frequency Division Multiplexirgyits high
PAPR. To transmit signals with large PAPR, expensitde
range power amplifiers are required. One of thectiffe
methods of PAPR reduction is Partial Transmit Segae
scheme. The complexity of this scheme can be rethgehe
application of a new phase sequence but the PAB&tien
is slightly reduced. A scheme comprising of the Rvith both
the new phase sequence and the clipping has b&eduned
in this paper. As clipping of peak of signal is plm in
implementation, it does not increase the complegitythe
system and a better PAPR reduction can be achievdt:

BER Vs SNR of the OFDM system with and without plimy

of peak signal is examined. By applying the schémePAPR

is reduced further. There exist a trade off for agiog the
threshold for clipping, greater the clipping greatéll be the
distortion but better PAPR reduction , while lowdipping
gives low distortion of the signal and lower the FHRA
reduction achieved. Since clipping causes degraaati the
system performance, this scheme can be used wkese |
power consumption and more battery life are oumary
concern.

The filtering of a clipped signal reduces the distm
introduced due to clipping. Hence by introducing tipping
in the proposed scheme is expected to reduce thealsi
distortion due to clipping and provide better PARRuction.
This can be a scope of future work as it enhancesystem
performance.
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