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ABSTRACT

One better method of the Peak to Average Power Ratio (PAPR) reduction method in
orthogonal frequency division multiplexing (OFDM) system that the Partial Transmit Sequence
(PTS), since it can obtain better PAPR property by modifying OFDM signals without distortion.
Meanwhile it also shows the potential capability to be utilized in MIMO-OFDM system with a
concurrent PAPR reduction algorithm based on the property of orthogonal space-time block
coded (STBC). On the other hand, PTS method can improve PAPR reduction performance very
well as increasing a number of weighting factors and clusters. However, the size of side
information proportionally increases as increasing the number of weighting factors or/and
clutters, which are required to inform the side information to the receiver for recovering the
original data. In this paper, we propose the new weighting factor technique in conjunction with
concurrent PAPR reduction algorithm for STBC MIMO-OFDM systems, which can improve
the PAPR performance, computation complexity without any increasing of side information,
and improve the BER (Bit Error Rate) at the receiver when compare with the conventional

method.
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%Define parameter of signals and system

BW=5;

NMess=4;
NMessl6=16;
NMess64=64;
Dl6=sqrt (1/5);
D64=sqrt (1/56) ;
M=64;

L=20;

Mess=M*L;
Nov=1l;

N=M+ (M*Nov) ;
Zerop=round ( (N-M)/2) ;

%$Bandwidth = 5 MHz

%Bit of Signals ==>QPSK

%$Bit of Signals ==>16QAM
%$Bit of Signals ==>64QAM
%16-QAM normalize to Pav = 2
%$64-QAM normalize to Pav = 2
%Numbers of subscriber
$Number of Symbols

$Number of Signals

%$Number of FFT point
$Number of Zero padding

70

code=2; $Number of STB code
antTX=2; $Number of Transmit Antenna
antRX=1; %Number of Receive Antenna
r=2;

IBO=-2;

bU=5b; %dB

%$Duration and GI parameter

TgRatio=0.1;

Delay=0.1; %Delay = 5 uSec

Ets=round (M/BW) ; $Effective Symbol Duration
Dg=Ets*TgRatio; %Guard Interval Duration
Ts=Ets+Dg; %Symbol Duration
Ng=round(Dg/ (Ets/ (N))); %Number of guard interval

Nt=N+Ng;
CNst=2; %Carrier to Noise ratio (dB)

CNx=50; %Carrier to Noise ratio (dB)

Stcn=2; %Step of Carrier to Noise ratio (dB)
Num_count=20; %Number of loop testing bits error
performance.

Aver=1; %Number of average

%$PTS parameter

P=4; %Number of cluster

iP=8;

Perp=P"P; %PTS Performance

[ph2pi phlpi]=Genph(P); %Generate phase
phx2=SegTphase (P, ph2pi) ;
phxl=SegTphase (P, phlpi) ;

%----Start Loop

for CN=CNst:Stcn:CNx; %Loop CN

for count=1:Num_count; %Loop Counter bits error

CN %Show infromations (Debugger)
count %Show infromations (Debugger)

RandSignal (1, 1:Mess)=randint (1,Mess,NMessl6);
Signal=RandSignal;

Dm=QAM16Mod (Signal, D16) ; %$Modulation
Sym=serial2parallel (Dm,M); %Serial to Parallel

for n=1:antTX:L; %STBC Encoder

S_code(1:2, (n-1)*M+1: (n+1)*M) =
STBCcode_PTS (code, Sym(n, :),Sym(n+1,:));

End

Routel=serial2parallel (S_code(l,:),M); %Antenna Routesl
RouteZ=serial2parallel (S_code(2,:),M); %Antenna Routes?2
for k=1:L; %IFFT(inverse fast fourier transform) & Add GI

[Xifftl(k,1:N) L11 L12]=IFFT(Zerop,Routel(k,1:M)); $IFFTL
[Xifft2(k,1:N) L21 L22]=IFFT(Zerop,Route2(k,1:M)); %IFFT2
XadGIl(k,1:Nt)=[Xifftl (k,N-Ng+1:N) Xifftl(k,1:N)]; %+GI1
XadGI2(k,1:Nt)=[Xifft2 (k,N-Ng+1:N) Xifft2(k,1:N)]; %+GI2

End
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Stx1l=XadGIl;

Stx2=XadGI2;

%SSPA AM/AM non-linear
Stx1=SSPA_AMAM(Stx1l, IBO,r); %SSPAl
Stx2=SSPA_AMAM (Stx2, IBO,r); %SSPAZ
%———-Finish Transmitter

[R_Stx L_Stx]=size(Stxl);

for NAver=l:Aver; %$Loop average
Awgn=Add_awgn (Stx1l,CN); %Noise (side of noise refer input signal)
for k=l:antTX; $Medium (Channel Respond)

for n=l:antRX;
H(k,n)=Ch_est (DU) ;

for n=1:antTX:R_Stx;
For: k=1:L_Stx;
Rtxl(n:n+l,k)=[Stxl(n,k) Stx2(n,k);Stxl(n+l,k)
Stx2(n+l,k)1*H(:,1);
end
end
%——--Start Receiver
Rtxl=Rtxl+Awgn; %Received Signal
for k=l:R_Stx; %$Remove GI & FFT
RreGIl(k,1:N)=Rtxl(k,Ng+l1l:Nt);
Rfftl(k, :)=FFT(RreGI1(k,1:N),L11,L12,M);
end
Routl=Rfftl;
for k=l:antTX:L; %Alamouti Theorem detector
for n=1:M;
sl(k,n) =[conj(H(1l,1))*Routl(k,n)+H(2,1)*conj(Routl(k+l,n))];
sl (k+1l,n)=[conj(H(2,1))*Routl(k,n)-H(1l,1)*conj(Routl(k+1l,n))]
end
end
Sout=sl;

r

%Parallel to Serial
Rps=parallelZserial (Sout);
Rps=Adj_POW(Rps} ;

%$Demodulation

RdeMod=0QAM16dMod (Rps, D16) ;

end %Loop average

%$Loop test Bits error rate performance
CBER (1, count)=biterr (RandSignal, RdeMcd) ;

end %Loop Counter bits error

BERav (1,CN)=sum(CBER) ;

PBERaver (1,CN)=BERav (1,CN) ./ ((log2(NMessl6)) *Mess*Num_count) ;
%4 is one information have 4 bits.

PBERaver

end %Loop CN

e e e e e e

figure(2);

semilogy (CNst:Stcn:CNx, PBERaver (CNst:Stcn:CNx), ':bo');
title('STBC MIMO-OFDM 2x1 (16-QAM)"')

legend ('IRO=-2"','IBO=-3"', 'IBO=-4")

grid on;
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Abstract Partial Transmit Sequences (PTS) seems to be attractive for Peak to Average Power
Ratio '(PAPR) reduction in orthogonal frequency division multiplexing (OFDM) system, since it
obtains better PAPR property by modifying OFDM signals without distortion. Meanwhile it also
shows the potential to be utilized in STBC MIMO-OFDM system. The PTS method can reduce the
PAPR by controlling the multiplied weighting factor of sub-block both data sub carrier and clusters.
The PTS method can improve PAPR reduction performance very well as increasing a number of
weighting factors and clusters. However, the number of side information is proportionally increasing
as increased number of weighting factors or/and clutters, which are required to inform the side
information to the receiver for recovering the original data. In this paper, we propose the new
weighting factor technique in the PTS method conjunction with STBC MIMO-OFDM system which
can work well and improve both a better PAPR performance and BER performance with keeping the
same number of side information when compares with the conventional PTS method. This paper
presents various computer simulation results to verify the effectiveness of proposed method in the
non-linear channel.

1. INTRODUCTION

Orthogonal Frequency Division Multiplexing with Multi Input Multi output (OFDM-MIMO)
system has been receiving a great attention as a solution for high speed, efficient and high-quality
service for next generation wireless communication [1]. However, one main disadvantage of OFDM
signal is that the signals transmitted on different antennas might exhibit a prohibitively large peak-to-
average power ratio (PAPR). The larger PAPR signal would cause the severe degradation of bit error
rate (BER) performance due to the inter-modulation noise occurring in the non-linear amplifier [3].
Recently, many PAPR reduction schemes have been proposed for OFDM systems. In the PTS method,
the PAPR reduction performance can be improved as increasing the number of clusters or weighting
factor. However, the computation complexity and the size of side information increase exponentially.
Block coding, the encoding of an input data into a codeword with low PAPR is another well-known
technique to reduce PAPR, but it incurs the rate decrease.

In this paper, we propose the new weighting factor technique in the PTS method conjunction with
space time block code in MIMO-OFDM system. The main difference of proposed method from
conventional PTS is that each cluster is partitioned by first and second parts as shown in Fig.2. The
first and second parts of cluster employ the different weighting factor [6]. The proposed method can
show both better PAPR reduction and BER performances without any increasing of the size of side
information and system complexity when compares with the conventional PTS method.

This paper is organized as follows. Section 2 firstly presents the STBC MIMO-OFDM transmits
diversity. PAPR reduction by new PTS method will be presents in the section 3. After that, In the
Section 4 presents the various computer simulation results to verify the effectiveness of the proposed
method as comparing with the conventional PTS method, and we draw some conclusions in Section 5.

2. STBC MIMO-OFDM TRANSMIT DIVERSITY

For simplicity we consider a STBC MIMO-OFDM system[2] that employs Alamounti scheme[5],
although extension to more than two transmit antennas is possible. A simplified block diagram of
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such scheme is shown in Fig.1 A data symbol vector X = [Xj,X},...,Xn.;] is encoded wit space-time
encoder into two vectors X; and X,

X] = [XU!HXI""WXN—Z’_X;\’-I]’

. . (1)
X, =X, Xg, s Xy Xnoa )
which are separated into F cluster for PAPR reduction by using PTS method after that are fed to
the IFFT include addition preamble ,and sent to En-PAPR reduction block. Next, addition to GI ,and
sent to simultaneously from both antenna in non-linear channel later.

g
0

X
—{ TFFT |
X EN-PAPR

'| cLUSTER BB

d Preamble ?

Reduction hy, hyy X

et

_L IFFT X

CLUSTER : EN-PAPR | |..‘
x BLOCK : ol ERE Reduction

2 IFFT (2

(a)Transmitter (b) Receiver
Figure 1: STBC MIMO-OFDM system.

Preamble

From (1), the encoding is done in space and time(space-time coding. In non-linear part, the
transmitted signal x, and x; in time domain is employed the PAPR reduction to avoid the non-linear
distortion of power amplifier. The OFDM signal y; with low PAPR in the time domain is input to the
non-linear amplifier after adding the guard interval (GI) to avoid the inter symbol interference (ISI)
due to the multi-path fading. The output of non-linear amplifier can be expressed by the following
equation.

5= F Dy,ﬂ ej{arg(yj )} s (2)

where, y; is the input signal of non-linear amplifier and F[ ] represents the AM/AM conversion
characteristics of non-linear amplifier. The non-linear amplifier assumed in this paper is the Solid
State Power Amplifier (SSPA) [7] of which input and output relationship is modeled by the following
equation.

o - ®)
{H(%J ]

where, p is the amplitude of input signal, 4 is the saturated output level, and r is the parameter to
decide the non-linear level. The phase conversion of the non-linear amplifier is assumed to be linear in
the following evaluation. The operation point of non-linear amplifier is defined by the Input Back-Off
(IBO), which is given by the following equation.

IBO =10log 7. 4
where P;, is the average power of input signal to the non-linear amplifier and P,, is the input
saturation power. The detector and decoder in Figl.builds is given by following equation,

Xo=hn+ s+ ks, +hyry,

a2 * * * * (5)
Xl = hmru = hy 1y + Bty — By,

3. PAPR REDUCTION BY NEW PTS METHOD

To increase the potential capability of PAPR reduction for PTS Method, we propose the new
determination method of weighting factor for PTS method that can reduce the PAPR performance with
less computation complexity. In the proposed method, the input data block is partitioned into the
cluster as the same as conventional PTS method [3]. The difference of proposed method is that each
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cluster is partitioned by first and second parts. The first and second parts of cluster employ the
different weighting factor, which can express. by the following equation

V
5= Y (B +b"%"). (©6)
v=]

where b and b are weighting factors for the first and second parts at the v-th cluster, respectively.
x and x!'.'T’ are the data sub-carriers of first and second parts[6]. at the  v-#h cluster, respectively. The

weighting factor of proposed method for both parts can be defined by e/ and em;", respectively
which are given by the following equation.
4"

# = ™
80 e {2t k=0,.,7-1}.

4. PERFORMANCE EVALUATION

This section presents the various computer simulation results to verify the performance of
proposed method. In the following evaluations, the adjacent sub-block method is used in the sub-block
partitioning both for the conventional and proposed PTS methods. The side information is assumed to
be known at the receiver for both PTS methods. The oversampling ratio is taken by 4 to achieve the
accurate evaluation of PAPR performance. Table 1 show all the simulation parameters used in this

paper.
Table 1: Simulation parameters.

Parameter Values
Number of Antennas (4n,xA4n,) 2x2
Modulation QPSK, 16QAM and 64QAM
Demodulation Coherent
Allocated bandwidth 5MHz
Number of FFT points (N) 128,256
Number of sub-carriers (M) 64, 128
Number of cluster (V) 4
Non-linear parameter of SSPA =2
Channel Fading Model, DU 5dB

Figure 2 shows the PAPR performance for the conventional and proposed PTS methods when the
modulation techniques are QPSK, 16QAM and 64QAM. The PAPR performance for the conventional
OFDM is also shown as the purposed of comparison. The total number of sub-carrier is 128, number
of cluster is 4 and number of weighting factor is 4 phases. In the figure, the PAPR performance is
evaluated by using the Complementary Cumulative Distribution Function (CCDF). From the figure, it
can be observed that the proposed PTS method shows the better PAPR performance for all modulation
techniques than the conventional STBC MIMO-OFDM and conventional PTS method.

£

____________

S

CCDF(Prob.PAPR<PAPRo)

Efon) sif cagtern R B 5D T SE DG AT REET T T
4 5 6 7 b S 10 1 12

PAPRo (dB)

Figure 2: Comparison of PAPR reduction performance with difference modulation.
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Figure 3 shows the BER performances for the proposed PTS and conventional PTS methods in the
non-linear channel when the transmit antenna(An,) is 2, and 2 the receive antenna(An,) include the
modulation method is 16QAM. In the simulation, the number of total sub-carriers is 64, the number of
weighting factor is 4 phases and the non-linear parameter r for SSPA is taken by 2 and changing to the
IBO =-2dB,1BO=-4dB and -6 dB. The BER performances of conventional STBC MIMO-OFDM
method are also shown in this figure. From the figure, it can be observed that the proposed PTS
method can achieve the much better BER performance than those for the conventional STBC MIMO-
OFDM and conventional PTS method.

Fb, Bit Error Rate (BER)

- Total subcarricrs: 64
Niinbér of clusters:4
10" ... Humbsr, of discrete phases:2..
- Number, of ransmitted antennasl
- Number of received antennas2 |

Carrier-to-Noise (dB)

Figure 3: BER performance of proposed PTS method for STBC MIMO-OFDM in non-linear channel.
5. CONCLUSIONS

The PTS method has been proposed for STBC MIMO-OFDM system to mitigate the non-linear
distortion. In this paper, we proposed applied the new determination method of weighting factor for
PTS method by using the characteristics of OFDM signal in the time domain. The new determination
method of weighting factor for PTS method also can work well in the STBC MIMO-OFDM system.
The feature of proposed method is to enable the reduction of PAPR performance with keeping the
same size side information as that for the conventional PTS method, and can achieve the better PAPR
performances and better BER performance in the non-linear channel than those for the conventional
PTS method.
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Abstract- Partial Transmit Sequences (PTS) method seems to be
attractive for the reduction of Peak to Average Power Ratio
(PAPR) in the Orthogonal Frequency Division Multiplexing
(OFDM) system, since it can obtain better PAPR property by
modifying OFDM signals without any degradation of BER
performance. Meanwhile it also shows the potential capability to
be utilized in MIMO-OFDM system with a concurrent PAPR
reduction algorithm based on the property of orthogonal Space-
Time Block Coded (STBC)[1]. On the other hand, the PTS
method can improve the PAPR reduction performance very well
as increasing the number of weighting factors and clusters.
However, the size of side information proportionally increases as
increasing the number of weighting factors or/and clutters, which
are required to the receiver for recovering the original data. In
this paper, we propose a new determination method for the
weighting factor of PTS in conjunction with the concurrent [2]
algorithm for the STBC MIMO-OFDM systems, which can
improve the PAPR performance, computation complexity
without any increasing of side information, and improve the BER
(Bit Error Rate) performance.

Keywords—PAPR, PTS, OFDM, STBC and MIMO-OFDM.

1. INTRODUCTION

Multiple Input, Multiple Output with Orthogonal
Frequency Division Multiplexing (OFDM-MIMO) system has
been receiving a great attention, as one of solutions for
achieving high speed, efficient, and high-quality service for
the next generation of multimedia wireless communications.
However, one main disadvantage of OFDM signal is that the
time domain signals transmitted on different antennas might
exhibit a prohibitively large peak-to-average power ratio
(PAPR) [3-5].

Recently, many PAPR reduction schemes have been
proposed for OFDM systems. Among these, the signal
scrambling methods such as the Partial Transmit Sequence
(PTS) [4] are well known as a distortion less techniques, in
which time domain OFDM signals divided into clusters are
multiplied by weighting factors. Although the PAPR
performance can be improved by multiplying the optimum-
weighting factor, the weighting factor employed at the
transmitter is required to inform to the receiver as the side
information. In the PTS method, the PAPR reduction
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performance can be improved as increasing the number of
clusters and weighting factors.

In MIMO-OFDM systems [6], a straightforward way for
PAPR reduction is to apply the existing algorithms
independently on each transmitted antenna. It is effective to
reduce PAPR performance, but requires high computation
complexity, and large size of side information (SI). Then the
concurrent algorithm is proposed to solve this problem, which
selects the transmitted sequence with minimizing the
maximum PAPR over all transmission antennas. This method
can decrease the size of side information at the expense of a
slight degradation of the PAPR performance.

In this paper, we propose an optimization method for the
weighting factors [7] in conjunction with the concurrent
PAPR reduction algorithm for STBC MIMO-OFDM. The
main difference of proposed method from the conventional
PTS method with the concurrent algorithms is that each
cluster is divided into 2 parts and these two parts employ the
different weighting factors having some relationship between
them. The feature of proposed method is that the PAPR
performance can be improved by using the same size of side
information as the conventional PTS method. In this paper, we
demonstrate that the proposed method can show the better
PAPR reduction performance in the STBC MIMO-OFDM
systems when compared with the conventional PTS method
with concurrent algorithms.

This paper is organized as follows. Section II firstly
presents the PAPR properties of OFDM signals. Section III
presents the STBC MIMO-OFDM system. Section IV
proposes the new PTS method for the STBC MIMO-OFDM
systems. Section V presents the various computer simulation
results to verify the effectiveness of proposed method as
comparing with the conventional method. Finally, we draw
some conclusions in Section V1.

II. PAPR PROPERTIES OF OFDM SIGNALS

In the OFDM system, a block of M frequency domain data
symbols, {X,, » = 0,1,..., M-1}, is modulated with each
subcarrier from a set {f, , n = 0,1,..., M-1}. The M
subcarriers are chosen to be orthogonal, i.e. £, = nAf, where
Af'= 1/MT and T represents the original data symbol period.



* The resulting baseband OFDM signal x() can be ei;pressed by
W=3M5 x " 0<1< MT. The PAPR of the
transmitted time domain OFDM[4] signal is defined by, -

2
PAPR (x(1) = S5 Ix(?' S
EUI(I)|J i | (o) a

2
-
0<r<MT ( )

(1)

where E/] denotes the expected value. To evaluate the PAPR
performance for OFDM signal from the statistical point of
view, the Complementary Cumulative Distribution Function
(CCDF) given in (2) is used to represent the probability of
exceeding a given threshold PAPR,,

CCDF(PAPR ;) = Pr(PAPR >PAPR, ). )

I1I. STBC MIMO-OFDM TRANSMIT DIVERSITY

For simplicity, we consider a STBC MIMO-OFDM
system that employs Alamounti encoder as the Space-Time
Block Code [6]. Fig.l shows the model of STBC MIMO-
OFDM system. A data symbol vector X = [Xp. X, ..., X)z/] is
encoded with space-time encoder and the following two
vectors X; and X, can be obtained.

X] = [XU’_XI yerey XM—Z’_XM—I]’

R . 3
 EAE P N R g |

The encoded data inputs to En-Concurrent PAPR Reduction
block in which encoded data is divided into ¥ clusters to
reduce the PAPR performance by using the PTS method. The
detail of En-Concurrent PAPR Reduction block is described in
Section I'V. Then the time domain signals after adding GI to
avoid the inter symbol interference (ISI) due to the multi-path
fading, input to the non-linear amplifier as shown in Fig.1.

The output of non-linear amplifier can be given by the
following equation.

Sk - F[lykl]ej{mg(y#)}‘ (4)

where, y, is the input signal of non-linear amplifier and F/]

represents the AM/AM conversion characteristics of non-
linear amplifier. The non-linear amplifier assumed in this
paper is the Solid State Power Amplifier (SSPA) [8] of which
input and output relationship is modeled by the following
equation,

Fle]= {H(%"Jh],b .

where, o is the amplitude of input signal, 4 is the saturated

&)

output level, and r is the parameter to decide the non-linear
level. The phase conversion of the non-linear amplifier is
assumed to be linear in the following evaluation. The

operation point of non-linear amplifier is defined by the Input
Back-Off (IBO), which is given by the following equation.

1BO = 10log - (6)

ouf

where P;, is the average power of input signal to the non-
linear amplifier and P, is the output saturation power.

The demodulated frequency domain signal at the receiver
is given by,

R=H X +HX;+Z

DiA

X, | Space-time En-Camcwrrent

Encoder

V
&
; (VAN
v

bz

De-Concurrent
PAPR
Reduction

N_| Spuce-time |_R
Decoder

oD

Channel Ext.

Fig. 1 System Model.

where H represent the channels between the transmitted
antennas and the received antenna. Vector Z is complex
random variables representing receiver thermal noise and
interference.

Assuming that the frequency channels responses for all
links between transmit antennas and receive antennas are
perfectly estimated at the receiver, the output of space-time
decoder is given by the following equation.

le =h]‘n+h2x;
X, =hn-hr,

the received signal transmitted from

®)

where, r and r,are

antennas 1 and 2, and 4 and h,are the channel response

between transmit antennas 1 and 2 to receive antenna,
respectively. * represents the complex conjugate.

IV. NEw PAPR REDUCTIONS ALGORITHM FOR STBC MIMO-
OFDM SYSTEMS

A. Conventional PTS Method

Figure 2 shows the structure of MIMO-OFDM transmitter
with the PTS method. In the PTS method, the data information
in the frequency domain X(n) is partitioned into } clusters as

x (1£v<V) All sub-carriers

s each cluster are

for

4"

multiplied by the weighting factor, b,f”) =e¢% 50 as to

reduce the PAPR performance. Here, the phase value
considered in each cluster is given by the following equation.
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0" e{Fhli=0,..w-1}. ©)
where W is the number of predetermined discrete phase. After
multiplying the weighting factor for each cluster, the sub-
carrier vector is given by the following equation.

= 5 (o52x9), (10)

v=1

where, biv) is the weighting factors, which are required to

inform the receiver as the side information. The set of
weighting factor for V clusters are optimized in the time
domain so as to achieve the better PAPR performance, by
using the following equation.

Vi = é (e-1rFT{X 7))

- (11)
- El (b’EV) 'x§‘V))'

From (10) to (11), it can be seen that the weighting factor
can be multiplied either in the frequency or time domains and
the optimized PAPR performance is the same as that given by
the following equation.

y
V = arg b3 b;v)x,(‘v)

v=|

. (12)

min  max
0<w=H—10<n<L

where ¥ is optimized argument that can reduce to the lowest

PAPR performance.
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Fig. 2 Structure of OFDM transmitter with PTS method.

e
bk

A —-@— KU
| IFFT | i *y
[ 1%

Dag von

uonnied ¥ I/

\'(")
w—"-[ IFFT |
J

Fig. 3 Structure of OFDM transmitter with improved-PTS method.
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Fig. 4 Structure of frequency domain OFDM symbol for the Improved-PTS
method.

B. Improved- PTS Method

To increase the potential capability of PAPR reduction
performance for the PTS method, we propose a new
determination method of weighting factor for PTS method [9]
that can reduce the PAPR performance with less computation
complexity for the MIMO-OFDM system. In the proposed
method, the input data block is partitioned into the cluster as
the same as conventional PTS method [4]. In the proposed
method, each cluster is partitioned into the first and second
parts as shown in Figs. 3 and 4. The first and second parts of
cluster employ the different weighting factor, which can
express by the following equation.

F. s woy
i = I (55+5050). (13)

v=l]

where 5"’ and 5, are the weighting factors for the first and

)

second parts at the v-th cluster, respectively. x;f") and x;(" are

the data sub-carriers for the first and second parts at the v-th
cluster, respectively. The weighting factor for both parts can

e )
be defined by e’ % and % , Tespectively of which phases
are given by the following equation.

.
¢k =Tk3

_ (14)
e {3 i=0,.,w-1}.

where ¢i; and 45,: are the phase coefficients for the first and

second parts of cluster. From (9) and (14), it can be seen that
the conventional and proposed PTS methods have the same
number of weighting factor W.

In the following, we present the proposed “New
Concurrent Algorithm with Improved-PTS method (NCI-
PTS)”. The feature of proposed method (NCI-PTS) is to
combine the IPTS [7] and the concurrent algorithm [2] for the
orthogonal STBC. Fig.5 shows the structure of concurrent
algorithm. In the concurrent algorithm, the PAPR reduction
needs to be done only for the first symbol period. As shown in
Figure 5, during the first symbol period, we obtain two signals
with low PAPR after performing the PAPR reduction

algorithm on X, and X;. Then, -X, and X are transmitted

during the second symbol period, which have the same PAPR

properties as X; and Xj. Therefore, the optimum phase factor
of -X; and X can be obtained directly. From this fact, the
computational complexity of the conventional PAPR
reduction algorithms can be reduced significantly.
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Fig. 5 Concurrent PAPR algorithm.
TABLE I
PHASE FACTOR SEQUENCES MAPPING.
Symbol Phase factor sequence
X. 0 /2 T In/2
1 st :
% .
£ +X; 0 3n/2 n w2
5 X 0 /4 /2 3n/4
o znd X
: iX‘: 0 3n/4 -n/2 w4

The followings are the detailed procedures when the
concurrent algorithm is used in the improved-PTS:

The data symbols vector X; and X, from two
transmitted antennas are partitioned into ¥V sub-
blocks and one cluster is divided into 2 parts. X} and
X; are divided into X” and ij, and Xg] ng,
respectively. Then the same combination of phase

factor {b""’ b? . b™ bm b"p} M}

[l e B L-1*"0 L-1
multiplied. The calculated PAPR ofX”, X3, X5p and
X, are represented by {PAPR(X;,), PAPR(X),),
PAPR(X_?;) and PAPR(Xzz)}

Find the maximum PAPR among {PAPR(X)),
PAPR(X),), PAPR(X;;) and PAPR(X,;)}, and denote
it as PAPR(X).

Choose different phase factor sequences, and repeat
the procedures from Step 1 to Step 2.

Select the sequences with the minimum PAPR(X) as
the transmission signal with the following phase

(] “(i) “(2) )
alh ey il st e
and X
b(v} b(l) b'\)l =

’LI’O

Stepl:

are

Step2:

Step3:

Step4:

sequences {b,;w,b,m
The symbols -X,
{bm bm X

o *7q

from {bm B

[

to Table 1.

Step5: are multiplied with

b (v)

’LI

b'(\f) b(‘l b'(Z) i

-1?"0

transformed

b I'} according

Step6: Repeat the procedures until the end of symbol of

each antenna.

Since the required size of side information for the
conventional PTS method (CV-PTS) without using the
concurrent algorithm is A,Jog,W""! bits, while the proposed
PTS method with using the concurrent algorithm is only
log,W""! bits.

TABLE I
SIMULATION PARAMETERS.

Information Parameter
Number of Antennas(AnxAy) 2x1
Modulation QPSK, 16QAM, and 64QAM
Demodulation Coherent
Allocated bandwidth SMHz
Number of FFT points(N) 128, 256
Number of sub-carriers(M) 64, 128
Number of cluster(V) 4
Number of weighting factor(W) 4
Symbol duration 12.8 uS
Guard interval(GI) 1.28 uS
Non-linear amplifier SSPA
Non-linear parameter of SSPA(r) 2
Channel Fading Model, DU 5dB

V. SIMULATION RESULTS

This section presents the various computer simulation
results to verify the performance of proposed method.
In the following evaluations, the adjacent sub-block method is
employed as the sub-block partition in the PTS method. The
side information is assumed to be known at the receiver. Table
II shows the simulation parameters used in the following
evaluations.

i
in

~a

o
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NCI PTS

b

Average PAPR (dB)
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[ Total sut}carr}'er (M) = 128
Number of cluster (V) =4
Number of weighl faclor (W) = 4

5.5 ! 1 Vi ! I} 1 1 L L L 1 l 1 ! 1
0 16 32 48 64 80 96 112 128 144 160 176 192 208 224 240 256
Number of Iterations

Fig. 6 Comparison of average PAPR performance between the proposed
method (NCI-PTS) and the CC-PTS method when changing the number of
iterations.

Figure 6 shows the averaged PAPR performance both for
the conventional PTS method (CC-PTS) and the proposed
method (NCI-PTS) when changing the number of iterations.
From the figure, it can be seen that the PAPR performance of
both methods are almost the same with regardless of the
employed modulation methods. From this fact, we could
confirm that the PAPR performance of MIMO-OFDM signal
would not depend on the modulation method as the same as
the conventional OFDM system. The PAPR performance of
proposed method can achieve better PAPR performance than
CC-PTS method. The PAPR performance of proposed method
can be converged firstly as compared with the CC-PTS
method.
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Fig. 7 Comparison of PAPR reduction performance.

Figure 7 shows the PAPR reduction performance for
NCI-PTS, CV-PTS, and CC-PTS when the modulation
technique is QPSK. The PAPR reduction performance for the
STBC MIMO-OFDM is also shown as the purpose of
comparison. The total number of sub-carrier (M) is 128,
number of cluster (V) is 4, and the number of weighting factor
(W) is 4 phases. In the figure, the PAPR reduction
performance is evaluated by using the Complementary
Cumulative Distribution Function (CCDF). From the figure, it
can be seen that the PAPR, of CC-PTS is 7.8 dB, CV-PTS is
7.5 dB and NCI-PTS is 7.2 dB at CCDF of 102, respectively.
The proposed NCI-PTS method shows the better performance
than the CC-PTS by 0.6 dB and CV-PTS by 0.3 dB. Here, it
should be note that the BER performance would be decided
dominantly by the CCDF at the around 10", From the figure,
it can be observed that the proposed NCI-PTS method shows
the better PAPR reduction performance than CC-PTS method
and very closed to the CV-PTS at the around CCDF 10",
However, the number of side information required in the
proposed method is smaller than that for the CV-PTS method.

Figure 8 shows the BER performance for the proposed
method (NCI-PTS) and CC-PTS method in the non-linear
channel, when the transmitted antenna (A,) is 2, and a
received antenna (A,,) is one, and the modulation technique is
16QAM. The total sub-carriers (M) are 64, the number of
weighting factor (W) is 4 phases, the non-linear parameter r
for SSPA is taken by 2. The figure shows the BER
performance when changing the IBOs = -2 dB, -3 dB, and -4
dB, respectively. The BER performance of the STBC MIMO-
OFDM method is also shown in this figure. From the figure, it
can be observed that proposed NCI- PTS method can achieve
much better BER performance than the CC-PTS and STBC
MIMO OFDM.

V1. CONCLUSIONS

In this paper, we proposed the new PTS method with
concurrent PAPR reduction algorithms by using the
characteristics of MIMO-OFDM signal in the time domain.
The simulation results show that the proposed PTS method
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can be used in the concurrent technique for STBC .MIMO-
OFDM system. The feature of proposed method is that the
reduction of PAPR performance can be achieved with keeping
the same size side information as that for the CC-PTS method,
and smaller size of side information than the CV-PTS method.

tﬂmmtdﬂmmam . el E
i Number ofwightfactor(W} =47~
ID' L 1 1 L |

10 12 14 16 18 20
C/N (dB)
Fig. 8 BER performance of NCI-PTS method in the non-linear channel
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