Appl. Math. Inf. Sci.9, No. 1L, 159-164 (2015) %N =¥} 159

Applied Mathematics & Information Sciences
An International Journal

http://dx.doi.org/10.12785/amis/091L20

The Research of based on lIterative Companding
Transform Method for The Reduction of Peak-to-Average
Power Ratio of OFDM Signal

Xiu-Yan Zhang'%*, Wei-Dong Wang* and Guo-Bin Tao'-?

1 Electricity and Information Engineering College, NortseRetroleum University, Daging 163318, China
2 Provincial Key Laboratory of Control and Information Engeting in Oil Field, Daging 163318, China

Received: 21 Nov. 2013, Revised: 22 Mar. 2014, Accepted: a8 RD14
Published online: 1 Feb. 2015

Abstract: Due to its robustness to multipath fading and high specttdization efficiency, Orthogonal Frequency Division
Multiplexing(OFDM) is a very attractive technique for highte wireless data communications, however, the main drekvbf it

is the high peak-to-average power ratio(PAPR) of the OFDgai. In this paper, the iterative companding transfornmnetgy is
presented to reduce PAPR, what kind of method is the optisnatbiained through the simulation that not only compare éatiginal
PAPR, the PAPR of different companding transform rate, aedterative companding transform PAPR, but also the BERpaance
of several methods.
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1 Introduction signal to compresses the OFDM signal, the basic tenet of
iterative companding transform is that compressing the
Since the dynamic range of the signal is much larger forhigh power transmission signal, and making the small
high PAPR [, a high-resolution quantizer is required to power emission signal amplify, so reducing the system
reduce quantization error, which requires more bits andPAPR. This paper mainly discusses and compares the
places a complexityand power burden on the receivelPAPR performance of iterative companding transform
front end. Now, many solutions have been proposed tasignal to the original companding transform signal.
reduce PAPR such as block codirg,[selective mapping The rest of this paper is outlined as follows; Section 2
(SLM), partial transmit sequence(PTS), tone reser-vatioranalyses the PAPR of OFDM signal. Section 3 addresses
and injection B]. However, most of these solutions have the companding transform. Section 4 presents the
restrictions on system parameters such as number gfprovement scheme. Section 5 discusses the simulation
subcarriers, frame format, and constellation tygg [ result of the companding transform and iterative
Signal distortion solutions such as clipping],[ and  companding transform. Section 6 introduces the influence

companding §,7,8,9,10] can be used without restriction of BER. The paper is concluded in Section 7.
on the system parameters but at the price of increased bit

error rate(BER) 11] and spectral regrowtHp]. Although

clipping performs very well with low modulation orders,

clipping error [L3] becomes very significant with higher 2 PAPR ANALYSIS OF OFDM SIGNALS

orders and seriously degrades performance, which makes

companding transform more suitable for high data rates

applications. In OFDM, each block ofN will modulate a symbols
This paper proposes the iterative companding{X(n),n=0,1,2,...,N —1} subcarrier of an orthogonal

transform technology to reduce PAPR. Accordingito  set whose frequency isf(n),n=0,1,2,...,N — 1}, with

law compression technologyl4] that imitate the voice f(n) = nAf, where Af = % and T is the original
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symbol period. The resulting baseband OFDM sigiil 3 Companding Transform
of a block can be expressed as
N1 The te(;hnology %f companfding tranﬁfoErﬁI, the basic ]
_ j(2mfnt+pn tenet of companding transform is that compressing the
X(t) = H;X”e( O<t<NT (1) high power transmission signal, and making the small
power emission signal amplify, so keeping the average
Where B, is the initial phase of the" subcarrier, power remainning unchanged, such not only can reduce

which for simplicity is assumed to be zero. the system PAPR, but also enhance system
The PAPR of the transmitted signal in equation (1) is anti-interference capacity. Companding the signals at the
defined by, Launch end, and implementing inverse operation at the
PAPR — PreAr ) receiving end. Its advantage is reducing the PAR, and
Pave enhancing the anti-interference capacity of small power
with signals. The basic processes of the C transform are shown
in figure 1.
PrEAR = max{ X(t)[? }te[O,NT] )
1 NT
P :Extzz—/ xO)Pdt (4 '
e =E{ WP} = [ Ix0) SO g [ e Cumpa;ldmg Ny
With N subcarriers each having normalized symbol Do
energy, the average powes,g = N. i
Since most systems employ discrete-time signals, L
instead of reducing the continuous-time peak, i.e., Caloulate Mean
max|x(t)|, the maximum amplitude dfN samples (where ;
L is the oversampling factor) oft) is reduced. The case Al
L =1 is known as critical sampling or Nyquist rate
sampling, whileL > 1 corresponds to oversampling. It is
well known that Nyquist sampling will miss some of the O
. : S pan
signal peaks and give optimistic results for PAPR. It has «— P& |¢— FFT | . — P |g—
been pointed out5] that oversampling factok = 4 is ting Transfom
sufficient for capturing the continuous-time peaks. ]
Oversampling can be implemented by paddihg- 1)N 1
zeros on original OFDM blocks and then applying inverse Caloulae Men
Fast Fourier transform (IFFT). Therefore, the peak power
can be expressed as Amplitude
|2
Peeax = 1§j23¥—1)[|IFFT(X)|J] ©) Fig. 1: The baseband block diagram of OFDM using the C
. transform
with
X=X, X, Xn-1,0+ 04+ (6) In OFDM system, the complex baseband signal of the
(L=DN output signals can be computed as follows:
The complementary cumulative distribution function w N—1 KT
(CCDF) of the PAPR is defined as follows: s(t) = z z Skg(t — N nT) (8)
Y=
CCDF = Pr(PAPR > PAPRy) @)

WhereT is the length of OFDM signal period;is the
With a large number of subcarriers, the signal K" samples values of a symbol cyclejs then" OFDM
amplitude can be approximated as Rayleigh distributedsignal in time domaing(t) is the impulse response that

thus the large peaks happens only with a very smallneets the Nyquist impulse filtes, is the K" samples
probability. Therefore, the absolute PAPR may not bevalues of then” OFDM signal i.i.esn,k:C{xn’k}.Where
meaningful for characterizing the PAPR property of xnx is the OFDM signal of using IFFT transformation
OFDM signals, instead, the statistical distribution of C{-}, represents the companding transform, and this two
PAPR should be taken into accouni6]. However, kinds of transformation satisfy two conditions as follow:
without the use of any PAPR reduction technique, quite 1) When|x| < m,|C{X} | > |x|; else|C{X}| < |x|, 'm
large PAPR (more than.ZdB) will happen almost with is the turning point of the companding transform in the
probability 1 wherN = 256. formula;
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2)E{|x2} ~ E{|C{x}|?}, Thatis the average power
of companding transform roughly equals to the before. It

is obvious that if the C transform form and the turning ——wl
point 'm’ could be choosed appropriately, the L
performance of PAR could be improved significantly, and L
the complexity of the system would not be increased too 7“4
much. It's worth noting that if the average amplitude 10°F - *O_rlgmal
equals the turning point of C transform, and C transform —circle:u=4

can satisfy odd symmetry about turning point, which can
guarantee the average power of signals through C
transform basically unchanged. In order to satisfy the
above-mentioned requirements, C transform can use th
following formula to describe as follows:

o o VXn7k
Sk ‘C{X“*} ~ (L )Xok

WhereV is the average amplitude of the OFDM signal
XnkThe scope oft is 4 < 4.

At receiving end, the inverse companding transform to
the signals i is implemented, that is as follows:

N+ Ei) @

CCDF

10°F

10°

PAPRO [dB]

companding transform of iteration timgs= 4

V/rn7k

H|rnkl

{exp[ |rn7k|| n,(1+ IJ)

Ynk = C_l{rmk} = v

-1}

(10)

12

Fig. 2: Simulation of companding transform and iterative

10
WhereV'’ is the average amplitude of receipt signal —+— circle:p=1
—0— circle:y=2
—k— circley=3
—circle:;yu=4
4 Improvement Method ol ~ Original
According to the conditions of thg < 4, iterate theu L
according to the principle of iterative, this is companding  §
signals whemu = 1, then further companding signalswhen ~ ©
u = 2, and then companding signals whgn= 3, until 5
U meeting the maximum value of requirements. Andthen 10|
deal with the iterate companding transform signals.
5 Simulation of the Iterative Companding .
Transform Yo N s T8 w w
PAPRO [dB]

Figure 2. is simulation of companding transform and
iterative companding transform of iteration timgs= 4.

In the figure 2, the magenta dash and dot line represents
the original signal PAPR, the black line represents the
PAPR of iterative companding transform of iteration
timesu = 4, the rest of the blue, red, black spots line and

Fig. 3: Simulation of iterative companding transform

Performance analysis: When the target of CCDF is

magenta line represent the PAPR of compandinglO3, the original PAPR is about 10.7dB, the PAPR of the
transform ratey = 1,2,3,4. The simulation figure is as iterative companding transform scheme that iteration
follows: times u = 4 is about 2.7dB, the PAPRs of the

Figure 3 is simulation of iterative companding companding transform scheme that companding rate
transform. In the figure 3, the magenta line represents thet = 1,2,3,4 are separately about 8.9dB, 8.0dB, 7.6dB
original signal PAPR, the black line represents the PAPRand 7.2dB. This is demonstrated in figure 2. When the
of u = 4, the rest of the blue, red, black spots line target of CCDF is 10%, the original PAPR is about
represent the PAPR qf = 1,2, 3. The simulation Figure 10.7dB, the PAPRs of the iterative companding transform
is shown in figure 3. scheme that iteration timgs= 1,2,3,4 are about 9.6dB,
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6.9dB, 4.7dB and 2.7dB. This is demonstrated in figure 3.

'
iR

That show the PAPR is reduced effective by companding 10 R
transform, in addition, with the increase of companding o —1g
rate, the CCDF of OFDM signals are lower. In the W
condition of the same companding rate, comparing to the 107} w2
companding transform, the PAPR of OFDM system has s
been improved effectively by the iterative companding +“f4
transform. 1073 N\ [ cidlen=2
14
B
6 The Influence of Iterative Companding w0’

Transform to BER
In order to evaluate and compare the performance of the 0
proposed transform and examine its impaction on the
system, a MATLAB simulation was performed, in the

simulation, the following should be used: e 2 A 6 8 10
For convenience, system adopted BPSK modulation EbNO [dB]

subcarrier numbers for 128, OFDM signals were

oversampled by a factor 4. Fig. 4: BER of iteration timegu=2

The channel was ideal AWGN, not considered
multipath effect.

In A/D transformation, assumed the bits to represent
the sample value were enough, regardless of the impactio
of quantization noise, actually, the quantization noise of 0

the system was relatively small. —%— Original
In order to prevent companding signals appearring to Wl

0 signals and could not be applied to companding 1024 2

transform formula, the signals which through the IFFT —ps

were added @000001 respectively, the influenced to the =

signals amplitude could be neglected during the ! —circlep=3

simulation.

The useful signak(n) whose energy was basically
unchanged when through the companding transform ant ol
the inverse companding transform. The simulation of
BER curves that through the companding transform,
iteration timesu = 3,iteration timesu = 2 and the 5
original signal BER curves were showed at figure 4 and 0
figure 5 as follows.

Performance analysis: figure 4 and figure 5 show: the

BER

BER of the signal that goes through the iterative ¥ ) A ; 8 10
companding transform of iteration timeg = 3 and EbNO [dB]

iteration timesy = 4 has little changed by compared to

the BER of the original signal. In addition, the BER of the Fig. 5: BER of iteration timegu=3

signal that goes through the iterative companding

transform of iteration timesy = 1 is equal to the

companding transform oft = 1. Thus, the BER of the

system could be neglected when the companding

transform or the iterative companding transform of significantly reduced compared to the performance of

iteration timesu < 3 is used. original signal, the main reason is that along with the
In theory, 1 < 4, the simulation of BER curves that increasing of the compamding number, the distortion of

through the companding transform, iterative compandingthe signal is more serious, the performance will be

transform of iteration timeg = 4, and the original signal significantly reduced when the distortion more than a

BER curves were showed at figure 6 as follows. certain threshold. Therefore, compare to the simulation
Performance analysis: figure 6 shows: the Figures, we choose itera-tive companding transform of

performance of BER that through the iterative iteration timesu = 3, it not only can make the OFDM

companding transform of iteration timeg = 4 is  system BER under the condition of not obviously
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