International Journal Of Advance Research In Science And Engineering http://www.ijarse.com

IJARSE, Vol. No.2, Issue No.8, August 2013 ISSN-23198354(E)

LOW COMPLEXITY PTS FORPAPR REDUCTION
IN OFDM

Ashutosh Kumar Kesharit, Garima Saini?,

YIdeal Inditute of TechnologyGhaziabad, Ifidia)
“National Institute ofTechnicalTeachersTraining andReasearchChandigarh(India)

ABSTRACT

Partial transmit seqgance (PTS) is a promising technique for reducing the high*fmeakerage \power ratio
(PAPR) in orthogonal frequency division multiplexing (OFDM)gsystem€&oaimventionalPTS, multiple’candidate
signals are generated and the optimal signal whth lowestPAPR is selected fdransmission. @ne drawback of
ConventionaPTS is that parts of the candidate signals are strongly correlates,to degrade the PAPR reduction
performance. The other is the high complexity. In this paaewPTS "is‘proposed this paper to deal with these
drawbacks of €PTS. The candidates can be generated through cyclically Left and Right shifting each subblock
sequencen time domain and combining themheoretical analysis and, simulation results shdhat the new

scheme caachieve higher PAPR reduction:
Index Term: OFDM, PAPR, PTS.

I. INTRODUCTION

ORTHOGONAL freguency division multiplexXing@EDM) is an attractive technique for wireless higle data
transmission due' to, the minimizing, effect over frequeselgctive fathg channelsOFDM hasbeen chosen for
European Digital Audio, Broadcasting (DABRigital Video Broadcasting (DVB), WLAN standards (802.11),
WiMax (802.16) and is_beg considered for the long terewolution of 3GPP.However, OFDM has some
drawbacks'in théransmissiomsystem. One of the major problems of the OFDM system istthas higher peak to
averagepower ratio (PAPR}han‘single carrier signal because OFDM signal is the sumanf narrowband signals
in the time domainy The higRAPR can cause it modulation and oubf-band radiation due to power amplifier
nonlinearity. In order to, combatithproblem, the transmission amplifier must operate within its linear region to
prevent spectral distortion and the degradation of the bit error rate (BEdR).liHearity normally implies low
efficiency and large power dissipation, which is prohibitive for use itapte wireless application3 herefore, it is
highly desirable to reduce the PAPR of an OFDM signal.
Many methods have been proposecluding clipping of the OFDM signhalcoding techniques, activewstellation
extension (ACE)companding transforntone reservation (TRjone injection (TI), paidl transmit sequence (PT,S)
selective mappingSLM) and various combinations of the above. Among th8hivl and PTS are two promising
techniques because they are simple to implement, no distortion in the transmitted signal and can significantly
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improve the statistics of the PAPR. However, the conventional SLM and PTS suffer from higher computational
complexty due to severaNi dimension inverse fast Fourier transform (IFFT) operations, wKesethe number of
subcarriers.n order to recover the original OFDM signal successfully, the transmitter has to send the selected signal
index, called side informatign t o t he receiver using extra subcarrie
efficiency. The BER performance of the OFD#ystems can possibly be degraded significantly since anyiarror

the detection of side information can damage the entirebtiati.

The rest of the this paper is organized as follows. In Section II, the PAPR Prablem of OFDM system is formulated
and the principle of ConventionaPTS is explained.The proposed PTS is pfesented in Section lll. In Section IV

Simulation Result areistussed, Finally conclusion are drawn in Section .
Il. OFDM SYSTEM USING CONVENTIONAL PTSTO RERUCE PAPR

In OFDM system, a block ofymboilsis formed with eactsymbol modulating by onetsebof subcarrier. Then, an
OFDM signal is obtained by summing ufi ¢he modulatedindependentgsubearriers, where is the number of
subcarriersThe subcarriers are chosen to be orthogonal such thaidfaeent subcarrier’separation where is the

OFDM signal duration. The mathematical represéntation cDfieM signal carbe written as

R S i 28D .
x(t) = — X)H)e ;0CctaecT 1)

~ N =0

The subcarrier vector is formed according to a certain modulation scheme such as quadrature amplitude modulatior|
(QAM). Thus, is a vector of constellation symbols from a‘constellation
The PAPR of OFDM signal in ong symbol period. is defired as the ratio between the maximum instantaneous power
and its average pewer, which can'be written as
maqd <(t)*
PAPR=—210logil O——sr = | @)

Where, B, isithe averageqgwer of and x(t) it can be computed in the frequency domain because IFFT is a (scaled)

unitary transformation.

Thetransmitted discrete sighalX[n] is usualigneratedby sampling the continuous tinsggnal x(t) .Hencex[n] is
usually oversampledibyragdtorL to have a better estimation of the PAPR value of contintimgssignalx(t). The
oversampling by the factdr can be realizebly inserting(L-1)N zeros in the middle of thidi pointfrequency
domain signaK and passing the nellN -point datasequace through th&N-point IFFT unit. Therefore, the

oversampledFFT output can be expressed as

LN-1 - _ 3)
a xme* ™ N.0en¢cLN-1

1
VLN =0

x(n) =
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Where x _-@

X (0),..--X(N/2- 1,8 (OX(N/2),... X(N-
8 (L-DN H

It is shownL = 4 is sufficient to capture the peakformation ofx(t). The Block O of Ofdm System Using
Conventional PT$ shown in Fig.1.
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FIG.1. BLOCK DIA OFDM SYMSING CONVENTIONAL PTS

x, = IFFT o { XN )

After that, these partial sequences are independently rdigitdte phase facto® = [P1é é é P,] and combined

togetherto create a set of candidates
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- Y 4

X = A Pvx =& IFFT{PvQ XV} 6)
v=1 v=1

Suppose that alphabRtdenotes the set of the valueRf, v= 1, 2, anélK is tile number in sé&® . Usualy, the
choiceof R from {° ]} for K= 2 or {° 1° j} for K =4 is interesting since no actual multiplication is performed to

rotatethe phase. Finally, the candidate with the lowest PAPR is chosen by exhaestich othe candidates for

transmission

Ill. PROPOSED PTS SCHEME TO REDUCE PAPR

3.1 Proposed PTS Scheme
The diagram of Proposed PTS Scheme for Lower the PAPR val
aim of the proposed PTS scheme is to lower the PAPReM
recover the original signal without side informatidine conv

fully independent, which leads to performance inferior to

\
X =oddgq X, (+k) +everg

a (7)
Where k =
V is the subblock
(8)
X, (k- D] ©
............. X, (K)] (10)

HereX, (° k) =circshift(x,,°k) ci rcul arly shifts the XxMbjl bgs shnfthagi

Elements.
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Shift size 6kd is a v eitdlementspekifies thet skiftyaemuforstred timension afh e r e

OFDM s ubXN.l olctk Nan edieazn@endok éd ni shpdsitive, XMearwval sikisf

down (or to the right). If itXxNsamegahiiveedthe (ail ut

The candidatevith the lowest PAPR is chosen for transmissibhe following are the advantages of the shifting
technique irthe proposed PTS scheme. First, no multiplication is requiecbnd, by utizing the property of IFFT
for different shiftnumber , cyclically shifted signal will have distinct phase constellatiosome of frequency
domain signals. Thus, in the receivéite detector can determine which shiftfnumber operatethe sukblock

acording to the phase constellation thfe received signafafter FFT). hé receiverwillynot require the side

information.
X; x ) (+k]
IFFT Right Circular Shift {+k) time
o
g hrat
Ingut b = = .
Sequence " ‘ = X, X X, (k) g X
y 2k % IFFT 2 Left Citoular Shift (k) time 3 B
2 o f@ ﬁ
38 = z
= -
- X':r X, Ty (k)
IFFT Right Cireular Shift{+k} time /

FIG.2. Block Diagram of OFDM System Using Propose®TS

3.2 Analysis of Computatienal CompleXity for the GPTS andthe Proposed PTS

By using the Cooleyfukey FFT algorithm, interleaved panitied CPTS scheme has the lowest computational
complexity but'ithas the lowePAPR performance because thenerated candidates are not fully independent.
this section, the overalhcomputational complexity for thBTS and the proposed PTS schemeaaedyzed.
Computational Complexity for the Transmitterit is knownthat a LNpoint IFFT requires LN/2 log(LN)
numbers ofomplex multiplication (R,) and LN log (LN) numbers otomplex addition (g9 .The CPTSscheme
usesCooleyTukey FFT algorithm which canreduce the (Ny) and (Rq9 of the IFFT operationso LN/2log
(LN/V) and LN log (LN/V) , respectively.In addition, KY™Y (V-1) LN complex additions are required for
combining the M sulblock signals to obtait"™? candidates and searchifior the minimum PAPRut of them.
Thus, the total f, and ngsfor the transmitteof the C-PTS scheme areN/2log, (LN/V) andLN log, (LN/V) +
KD (Vv-1) LN, respectively.
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For the proposed PTS scheme, thg andn,ggare LN/2log (LN/V) and LN lay, (LN/V) , respectivelywhich are
the same a€-PTS scheme. Addition& ™Y 2LN complex additions are required by the propoB&® scheme to
combine theV subblock signals to obtaithe KV candidates and search for the minimum PARRof them.
Thus, the totah,, andn,y for the transmitteof the proposed PTS scheme aid/2log, (LN/V) and LN log
(LN/V)+ KV D 2LN | respectively.

Computational Complexity for the ReceiverThe computationatomplexity of the receiver for the proposed
PTSandC-PTS include two parig1) aLN-point FFT operation an() the detectori The FFT operation for the C
PTS andhe proposed PTS scheme requirdédN#&2log, (LN) ny, and LN log (LN) n.y , respectively. The detector
requires(Q+2)N ny,yand 2QN nyqrespectively, wher® is the size of constellatiodlor PSK'er QAM modulation.
Whereas for the propos®T'S scheme, the, and nyq increase to (Q+2)KN and 20KN", respectively,
Therefore, theotal no. of f,, and nygfor the GPTS scheme igivenss

Nmu = LN/2 log, (L2N?/V) + (Q+2) N (11
Nagg= LN log, (L2N%V) + KV (v-1) LN + 20N (12)
Thereforethe total no. of gy and Ryq for the ProposedPTS scheme igiven-as

Nmu = LN/2 log, (L’NAV) + (Q+2)KN (13)
Naga= LN log, (L2NZ/V) + KV (V-1) 2LN + 2@KN (14)

As one complex multiplication equals tosfour cemplex additions,

Theoverall computational compleyifor the GPTS sehemean be writteras

Cecprs= 3LN log, (L2N#V) + KV (V-1) LN + (6Q+8) N (15)
The overall computational complexityr the Propose®TS schemean be writen as
Crprs= 3LN log (L’N#V) + KV (V1) 2N+ (6Q+ 8) KN (16)

In order to demonstrate the complexity reduction abilitshefproposed scheme, tbemputational complexity

reductionratio (GCRR) of the proposed PTS scheme overGHeTS scheme is defined as

ComplexnnytheP.roposed- PTSgX100>/o (17)
ComplexityftheC- PTS b4

CCRR=2-
¢

The £CRRS, of the proposed PIS scheme over R € scheme for values of N, V@ are given in Table 1,
where K=4"andiL=4. Itis shown in Table 1 that the CCRRs of the proposed PTS scheme ov®TiBescBeme is
reduced rapidly“with the increase of N. This observation can be explained that the complexity on the search of
minimum PAPR value in, thé transmitter increases significantly with the increase of V. The proposed PTS scheme

for reduction of the complexity is more efficient with the increase of V.

TABLE 1. CCRRs of THE PROPOSED SCHEME OVER THE C-PTS SCHEME WHEN V=4, L =4, K =4

Q =4 (V=4, L=4, K=4) Q=16 (V=4, L=4, K=4)
N 64 128 256 64 128 256
CCRR 16.5% 16.13 % 15.75 % -5.38 % -5.26 % -5.14 %
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IV. SIMULATION RESULTS

To Showthe effectiveness ohe proposed scheme, We simulegsults to evaluate the performancetenms of

PAPR reductiorand CCRR The results of the simulation are based on the transmission of randomly generated
3x10° OFDM symbols with the carriers N= 64, 128 and 256 under the condition of an oversampling factdor_

V =2 and V =4 with166QAM/QPSK modulabn techniques The complementary cumulative density function
(CCDF) of the PAPR is used to measure the performance. The CCDF of the PAPR is defined as

CCDF (PAPR (x[n])) = P( PAPR ( x [n] > PAPR)

where PAPRIs a certain threshold valubat is usually given in decibels relative to the root mean square (RMS)
value. The CCDFs of the proposed PTS scheme wittbkadk V = 2 and V= 4 with 16-:QAM/QPSK modulation

and phase s& = 4 are shown from Fige 3to Figure8 . The CCDFs of the origalhOFBM system without PAPR
reduction and Conventional PTS for each value of V for compa#iSon, purpose are also plotted. It is observed that the
performance of proposed PTS scheme in terms of PAPR reduction is better than the Cenventional PTS. It also
improves as the no of stflock increasesThis is because the proposed PTSgseheme hasthe ability to generate more
candidates with the same parameters. For example, when', the proposed PTS scheme will generate 16 and 25
candidates respectively, when V=2 and=\4. Forsthe €@RTS scheme, only 4 and 64 candidates can be obtained
when V = 2 and V =4. The performance improvement of the proposed PTSfscheme relative to thatT&e C
scheme are found to be 1.7 dB and 3.0/40B fohV = 2\&a#lvith K = 4, N =256 whe Pr = 1¢°, when compared
with C-PTS scheme.
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Figure 3. PAPR performance of the proposed PTS,-®TS and orignal OFDM symbole for N= 64, V=2 K=4.
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Figure 7. PAPR performance of the proposd PTS, GPTS andoriginal OFDM symbole for N= 128 V=4, K=4.
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Figure 8. PAPR performance ofithe proposed PTS, ®TS and.original OFDM symbole for N=256, V=4, K=4.
V. CONCLUSION
An interleaved partitioning PTS seheme imaking useiof the recursiabiration of cyclically shifting sutblock
sequenceand linear property of IFFT.dS presented’in this paermultiplication is performed by the cyclically
shifting. By utilizing cyclieally shifting'of the sublock sequence set of candidates with differephase
constellation will begenerated, accordingierthe different shifting number of the subbAascguch, the detector can
distinguish which candidatdmd been transmitted without any side information. Cyclicsiifted subblock
sequences alsoinase the independence ahé total number of candidates compared with the conventiiral
schemeThe PTSechniqueaquires VIFFT operations for each data block. The PAPR performance of the PTS
technique is affected'by timimber of subblocks, Vand tle number of the allowed phase factors w. As discussed

above, the PTS technique suffers from the complexity of searching for the optimum set of phase vector, especially

when the number of subblock increadeigure 3 to Figure 8shows the CCDF of PAPR fot6-QAM/QPSK OFDM
system using Propos&T'S, Conventional PTS and Original OFDM Signgis seen that the PAPR performance
improves as the number of subblocksreases with 2 andV = 4.
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