International Journal of Electronics and % International Academy of Science,
.ﬁ 5

Communication Engineering (IJECE) = -
Vol.1, Issue 1 Aug 2012 23-33 Engineering and Technology

© IASET IASET Connecring Researchers; Nurturing Innovations

IPTS BASED PAPR REDUCTION OF OFDM SYSTEM WITH A
LINEARIZATION TECHNIQUE

CHHAVI SHARMA ! & S.K.TOMAR 2
Y2Faculty of Engineering & Technology, MJP Rohilkhand Univgrdareilly, India
ABSTRACT

Orthogonal frequency division multiplexing (OFDM) is veajtractive for high data rate
transmission in a radio environment, but high peak to averagerp@tio (PAPR) is very serious
problem due to many subcarriers, which seriously limitgptheer efficiency of the high power amplifier
(HPA). One of the most promising approaches for the atitig of this nonlinear distortion is to use a
predistorter, applied to the OFDM signal prior to itsrerib to HPA. Predistortion is a linearization
technique used for the compensation of nonlinear distomid#PA. However this linearization is not
enough to control the problem of PAPR and large back o#dgsired to improve the power efficiency,
therefore, the PAPR reduction of the OFDM signal keetbe linearization would be more reasonable to
improve power efficiency. In this paper iterative partiansmit sequence (IPTS) based PAPR reduction
with a linearization technique is proposed. Simulationlteshows that BER performance is significantly

improved and power efficiency of HPA can be enhanced disst®APR of OFDM signal.
KEYWORDS: OFDM, PAPR, HPA
INTRODUCTION

Multicarrier transmission has recently seen rising populamityireless applications [1]. As an
attractive technology for wireless communication, orthogémagjuency division multiplexing (OFDM),
which is one of the multicarrier modulation techniqueffere considerable high spectral efficiency,
multipath delay spread tolerance, immunity to frequembsrcsive fading and improved power efficiency
[2]. As a result OFDM has been chosen for high datac@temunications and has been widely deployed
in many wireless communication standards such as digiti@lovbroadcasting (DVB), digital audio
broadcasting (DAB), WiMA5X, IEEE 802.11, 1EEE.16 , IEEE 802 European Telecommunication
Standard Institutes (ETSI) and Broadcast Radio Accessdde{BRAN) committees.

One of major problems in OFDM is high peakverage power ratio (PAPR), which makes system
performance very sensitive to distortion introduced by noalidevices such as power amplifiers (PAs).
The basic solution to this problem is to use a linear ifiepbr to back-off the operating point into the
linear region of the nonlinear HPA. However, power efficien€ HPA becomes very low so that this
large back off is not desirable. Another method to avoid the memnli distortion is a linearization
technique [3], which is good for the single carriggnal with just 3 dB PAPR. However, this
linearization is not enough for the OFDM signal of muititter system as large back-off is still required.

There have been many studies on the PAPR reduction methddsisilock coding method, clipping
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method, phase control method, partial transmit sequence) (R&®od and selective mapping (SLM)
method. In PTS, the lowest PAPR signal is produced by afi{imhase combining of the signal sub-
blocks. In SLM, OFDM signal of the lowest PAPR is sedddrom a set of several phase rotated signals
containing the same information data .These are very féexdhd effective for the PAPR reduction
without any signal degradation. However, both techniques neeld cmmputational burden because of
the many IFFT stages and complex optimization procedure [4]

The combination of both PAPR reduction scheme linearization technique will be more
powerful as it reduces the nonlinear distortion moreatiffely. The linearized constant peak-power
(LCP) OFDM was proposed which lowers high peak power saampresses the out-of-band radiation.
This method reduces the peak power by the signal suppressdioa saturation point of HPA. Next, it
pre-distorts the signal for linearization [5]. This methody increase some power efficiency of HPA
because of the signal suppression process, but BER penicerhacomes degraded because of the signal

suppression process.

In this paper, the combination of iteratR€S (IPTS) for PAPR reduction and linearization
technique is proposed. Initially, PAPR of OFDM signateguced by iterative PTS method because it
can be easily implemented with low combining complexity #rah linearization in the predistorter is
performed on the PAPR reduced OFDM signal. Simulationltretiows that BER performance is
significantly improved and power efficiency of HPA can be enbdndue to low PAPR of OFDM

signal.
PROPOSED METHOD

In this section the system model of the proposed methddhigh power amplifier model used

in the proposed method is described.
System Model

Data m(t) X(t) p(t) s(t)
Mapping OFDM with Predistorter | HPA
IPTS |

— >

Fig.1 Block Diagram of the Proposed Method

Figure 1 shows the system block diagram of the proposeldonheFirst, information bits are mapped

into M-QAM symbols and then the inverse fast Fouriansform is taken.

The baseband complex OFDM symbol is expressed as
X (1) = x(1) + jxo(t)
Dy X€ML 0t T, (1)

where T is the OFDM symbol duration and N is the number of sulezarr, is the subcarrier frequency.
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nEPAf =n/Tg , n=0,1,...... N-1

then signal mapping is done by using QAM modulation technigiter that, iterative PTS (IPTS)
scheme is applied to the mapped OFDM signal for PAPRctemh. Then the OFDM- IPTS signal is
applied to a predistorter which is actually a linearaed finally the linearized signal becomes input to
HPA.

High Power Amplifier Model

OFDM symbol x(t) changes into p(t) after linearization aft) is the HPA output. s(t) is
transmitted to the receiver and the reverse processinthéodata detection is carried out. The input

complex envelope of HPA is written as

p(t) =r(t)explj@t)] @

Where r(t ) and(t) are the amplitude and phase of HPA input signal.dthput signal of HPA is as

follows
s(t) =ulr(O]exp{jl¥Ar(9) + D I} )

Here, u[r(t)] andy[r(t)] are AM/AM and AM/PM conversion of the nonlineamplifier, respectively. If
OFDM signal is amplified in the nonlinear HPA, the inteefece is produced, that is, crosstalk and ACI

(adjacent channel interference) happen due to inter-mdatuldistortion (IMD).

There are two kinds of the nonlinear HPA: traveling wane amplifier (TWTA) with strong nonlinear
AM/PM characteristic and solid state power amplifier P8$ without AM/PM characteristic. In this
paper, the SSPA model is considered since it is generally insmobile phones.AM/AM and AM/PM

conversions of SSPA is modeled as

ur)=—— O ()

l+{r(t)J2p »
A
Ylr(H] =0 (5)

where A is the maximum output amplitude at the saturapioimt [7].

The parameter p controls the transition smoothfress the linear region to the saturation region #rel

characteristic of nonlinear HPA becomes lineahasparameter is large.
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Figure 2: Transfer Characteristics of SSPA

Fig.2 shows the input-output transfer characterisfi SSPA according to the variation of p when the
gain of HPA is normalized.

Two kinds of back-off are defined as

Input back-off (IBO)= 10log1Q, Pinsat
pin ©)

Output back-off (OBO) =10log1Q, Pout, sat
pout (7)
where i, pnd g, are the average input and output power

and jpsand Ry, sar@re the input and output saturation power of HPA.

PAPR AND IPTS SCHEME

Section 3 describes the mathematical representatioPAPR in OFDM system and also gives
idea about the conventional PTS and iterative RER@ree for PAPR reduction.

Peak to Average Power Ratio (PAPR)

The PAPR of OFDM signal x(t) is defined as thtio between maximum instantaneous power and
its average power [6]

MaXocrnt UX t )|2J

Pav (8)

PAPR[x(t)] =

where P, is the average power of x(t)

For a large number of N subcarriers, an OFDM sigaal be modeled as a zero-mean asymptotically
complex Gaussian distributed random variable, b&edt is a superposition of a large number of
modulated signals.
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The probability that the PAPR of the Nyquist raaenpled OFDM signals exceeds a given threshald
can be calculated as

P (x> xo)=1-(1- exp(—)(o))N )

In this expression it is assumed that the N timmala signal samples are mutually independent and
uncorrelated, however, this is not true, when cserging is applied.

Iterative Partial Transmit Sequence (IPTS)

Figure3 shows the conventional partial transmijuseice method for PAPR reduction. In the
PTS technique, an input data block of N symbolgastitioned into M disjoints sub blocks. The
subcarriers in each sub block are weighted by &eplfactor for that sub block. The phase factors are

selected such that the PAPR of the combined sigmainimized.

X, x,
IFFT 1
- 15,
X, x; 1
IFFT
X o | ¥
an
> subblock b .
Fariion . - Selsdion
.
R .
X M x,
IFFT 7
I Wt

Fig. 3 Block diagram of PTS Technique

Input data blocK is partitioned into M disjoint sub blocks
M-1
X = X ™
Zmzo (10)
(m) — (m) (m) (m) (m)
where X ™ =[ X,™, X,™, X ™ X, ("]

After taking IFFT of each block the sub blocké™ are transformed into M time-domain partial

transmit sequences such as

XM =[x, XKV X ] =IFFT g [ X™ ] a
These partial sequences are independently rotgtptidse factors

b :{bm =e» m=0,1,2,...M - }L

The objective is to optimally combine the sub bk obtain the time domain OFDM signals with the
lowest PAPR

M -1
X (b)=> b x™
m=0 (12
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Cimini and Sollenberger’s iterative PTS (IPTS) aithon is developed as a sub-optimum technique for
PTS. IPTS flips between two phase rotation valwslt1 for making it lessomplex.

The IPTS flipping algorithm can be written as felo[12]:

Step 1:Assume that,, =1for all m and compute the PAPR of the combinedadign

Step 2:Invert the first phase factory(b—1) and recomputed the resulting PAPR.

Step 3:If the new PAPR is lower than in the previous stepain h as part of the final phase sequence;

otherwise, reverts to its previous value.

Step 4: The algorithm continues in this fashion until lliphase factors have been explored and finally,

the sequence with the smallest PAPR is transmitted.
HPA LINEARIZATION USING A PREDISTORTER

One of the most promising approaches for mitigatbthe nonlinear distortion of HPA is to
use a predistorter, which is a linearization devdpelied to the OFDM signal prior to its entry irte
HPA. The predistorter (PD) is a nonlinear zero mgmaevice that precomputes and cancels the
nonlinear distortion present in the zero memory HRich follows the PD.In this sectighe PD for
SSPA model of HPA is discussed. Fig.4 shows thekbtthagram of predistorter for time varying HPA.
Let g and u denote the nonlinear zero memory impiput maps of the PD and HPA(M,the input of
the PD, yn),the output of the PD which is also the inputite HPA, and z( t) the output of the HPA as
in Figure 4.

Then for any given HPA, an ideal PD is one for whilce input-output maps satisfy

ufa(x (M)] =k x(n) (13)

where k is a desired prespecified linear amplificationstant. In this paper, k = 1 is assumed

Hgh Power
o Amplifier -

r
(HPA)

OFM [ | Tre-Distorte:
Bascbard Ly
x(n) ¥ (m «n
Pazameter
le—

Edimator

Fig.4.Block Diagram of PD for Time Varying HPA

Predistorter for SSPA

The general baseband (equivalent low pass sigrphessions for the inpug, (n) and output

yi(n)of the PD for the SSPA are

x (n) =r(n)e”” (14)
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y,(n) = qr(n)]e”*” (15)

where the functions g angd are to be determined by requiring (13) to be BatisAs it is assumed that

phase distortion is neglected, so there is no meewdnsider phase predistortion. According togaAjl
(5), the input and output of the SSPA are

y(t) = qlr(t]cos(w, )+ o)) (16)
Z(t) =u[q r(]]cos(a(t) + ¢t)) (7)
where

uory =—— 30 (18)

1[q<>j K
A

According to (18), (13) implies

q(r)

r= 1 (19)

1[q<>J "
A

Then, after algebraic manipulation, the exact esgiom for the PD characteristic q(r) will be asdais:

o) =—"—r, r< A, 20

i
A

Here HPA is considered as a time-varying systenthsoparameters,/Aand p in the SSPA model will
change with time. To track two parametersafid p, training symbols are used. Using trainymglmls,
we get input of the PD, q( n) , and the outputhef PD, u( n) . During the training stage, we asstimae

the PD is turned off, that is, the input and outgitthe PD would be the sanfe(n) = q (n)

To estimate parameters And p, we first change (18) as

Ab :Ll (21)

(g7 -u)ee

If we know p, we can easily obtain,&om (21). However, it is assumed that bothakd P change
with time. In this case, the following algorithmpsoposed. First, send two training symbols and the

knowing two different training symbols, we get tdifferent estimations of & namely A and Ay,.
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Abl = & (22)

At)z — q2 'u2 (23)

1
2p 2p\op
(qz —U, )Zp

where g u; are the output amplitudes of the PD and HPA forfitis¢ training symbol

and gu, are the output amplitudes of the PD and HPA forséheond training symbol.

Training symbols are not affected by the functidntree PD, as it is stated previously. During the
training period, we can replace @andg, as £ and g, which are the original amplitudes of the tragnin

symbols.

SIMULATION RESULTS AND DISCUSSIONS
For the simulation the parameters are given below:
Modulation format: QAM

Channel: AWGN

Number of data subcarriers: 256

HPA model: SSPA with Rapp’s coefficient, p=1
Input backoff (IBO): 5dB

Figure 5(a) and 5(b) shows the scatter plots ofventional PTS scheme and the proposed method

respectively
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Fig.5. The Constellation Points of (A) Conventional PTS@eme and (B) Proposed Method

PAPR reduction performance curves of conventi®eb scheme and IPTS with and without
predistorter with M=8 are depicted in figure 6. dugh IPTS without predistorter has a little
performance degradation than conventional PTS sehéme performance can further be improved by
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using a predistorter after IPTS. It is clear frdm simulation results that the proposed methodsgire
better performance of PAPR reduction.

BER performance of conventional PTS, IP#igh or without predistorter is shown in fig.7.
Predistorter makes a small improvement in the BERgpmance. To meet BER =1@t IBO =5dB, the
IPTS with predistorter can achieve 6 dB SNR gaamtbonventional PTS.

""| =4p= Conventional PTS|:

.| —m— IPTS with PD
162 i L
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”| —@— IPTS
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Fig.7 BER Performance of Conveantial PTS, IPTS and IPTS with Predistortion

CONCLUSIONS

In this paper, a combined method of an iterativeS R¥ith predistorter as a linearization
technique is proposed to compensate the nonlinistoriion of HPA. The proposed method reduces
spectral regrowth because peak power of the OF@Masiis reduced by IPTS without signal distortion.
This paper compares the PAPR reduction and BERme#ahce of conventional PTS and IPTS with and
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without predistoter. Simulation results show theg proposed method is an effective method for PAPR

reduction of OFDM system with lesser computatiam@hplexity than conventional PTS scheme.
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