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Improvement of Power Efficiency of HPA by the PAPR Reduction and
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In this paper, we evaluate the peak-to—average power ratio (PAPR) performance in a
space—time block code (STBC) multi-input multi-output orthogonal frequency division
multiplexing (MIMO-OFDM) system using selected mapping (SLM) and partial transmit
sequences (PTS) approaches. SLM and PTS methods are used to decrease the nonlinear
distortion and to improve the power efficiency of the nonlinear high power amplifier(HPA) in
the MIMO-OFDM system. In simulation result, when compared with the existing
MIMO-OFDM system using QPSK, the PTS method reduces the PAPR about 5 dB while the
SLM method can reduce about 3.5 dB. Also, we find the BER performance of the MIMO-OFDM
system with and without the predistorter in front of the HPA. When the predistorter is used,
the input back-off (IBO) of 4 dB is required in the PTS method, and IBO of 6 dB in the SLM
method to closely conform to the linear amplifier. If the method of improving the PAPR is not
used, the value of IBO of 8 dB is required.
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{. Introduction

MIMO-OFDM(multi-input multi-output orthogonal
frequency division multiplexing) is one of the
promising technologies to improve the spectral
enhance the system capacity, and
in the

efficiency,

mitigate the inter-symbol interference
fourth broadband wireless communication system.
The MIMO-OFDM system takes advantage of
both OFDM technology and the spatial diversity
that is obtained by spatially separated antennas. In
spite of a lot of advantages, some drawbacks
using OFDM in

transmission system. The main limitation is the

become apparent when
high peak-to-average power ratio(PAPR) of the
transmitted signals{1][2). Thus,

distortion that leads to the out-of-band emission

the nonlinear

and the in-band distortion is caused by a high
power amplifier(HPA). The nonlinear distortion
degrades the transmission quality and makes the
spectrumn be expanded excessively. The out-of
-band emission results in the interference to the
adjacent channels in that system’s band and the
interference to the other systems using the
adjacent frequency band(ACI: adjacent channel
interference).

Therefore, it is necessary to combat against the
nonlinearity of HPA and to improve the power
efficiency of HPA. This problem is also common
to the multi—carrier transmission system [3] [4].
Outputs of this system‘have very high PAPR.
More expensive power amplifier with a high
linearity over a wide dynamic range is required to
transmit the high PAPR signal without distortion.
The

investigated since the efficiency of high power

impact of amplifier nonlinearity is
amplifier depends on the PAPRI5]. Consequently,

making a signal with low PAPR is the main

concern to decrease the HPA nonlinearity and to
improve the power efficiency of HPA.

To solve this serious problem, many methods
have been proposed, for examples; clipping -
method, pre-coding method, SLM and PTS,
etc.[6)[71[8]. Clipping method is to clip the peak
above a certain prescribed level. The merit of this
clipping method is that PAPR can be easily
reduced. But the BER performance becomes very
worse due to the clip noise. Pre-coding is another
important method for PAPR reduction. The
information data is coded in the pre-coding block
to reduce the PAPR. However, the code rate
becomes lower than 1 so that the redundant bits
or extra bandwidth are required. Furthermore, this

method may restrict the number of parallel

branches. Selected mapping(SLM) and partial
transmit  sequences(PTS) methods may be
classified into the phase control scheme to

suppress the high peak, which has originally been
studied in the OFDM communication system. In
the SLM method, a signal of the lowest PAPR is
selected from a set of several signals containing
the same information data. In the PTS method, the
lowest PAPR signal is made by optimally phase
combining the signal subblocks. They are very
flexible schemes and give a good performance on
the PAPR

degradation. Moreover, both techniques require

reduction without any signal

much system complexity and computational
burden because of the complex optimization
procedure.

In this paper, we address the PAPR performance
of space-time block coded(STBC) MIMO-OFDM
systems using the SLM and PTS schemes. These
methods are used to decrease the nonlinear
distortion and improve the HPA power efficiency.

The PAPR reduction is represented with the



MIMO-OFDMOlIM PAPR Xzt Y APH ofZ700fl ot HPAS M3 &8 M 203

simulation results when QPSK is used as a
which  takes the
complementary cumulative distribution function
(CCDF). Besides, we find the BER performance of
MIMO-OFDM system with and without the
predistorter in front of the nonlinear HPA. The
that the

improve the bit error rate

modulation, form of

results of BER performance tell
predistorter can
performance in all the cases of the conventional
MIMO-OFDM using PTS or SLM method.

This paper is organized as follows. Section 2
MIMO-OFDM
system model and PAPR equation. Section 3
describes the PAPR reduction methods. Section 4

provides the simulation results and the conclusion

provides a description of the

is given in section 5.

Il. System model and PAPR

The MIMO-OFDM system using M transmit
antennas and K subcarriers is considered. In Fig.1,
we take the 2-input and 2-output MIMO-OFDM
system as an example to illustrate the considered

system

Fig. 1. MIMO-OFDM model

In the case of two transmit antennas [9], the
K-dimentional OFDM symbol transmitted from

antenna 1 is denoted by C; and from antenna 2 by

H
Co. During the next symbol period, _Cz and

cl

are transmitted from antenna 1 and 2,

("
transpose. In the time domain, the transmitted

respectively, where denotes Hermitian
OFDM signal at the i-th transmit antenna is given

by
Ci = FHCi 1)

where ¢ = [cig, ¢y, , ci,1<-1]T is the discrete-time
representation and F denotes a KxK FFT matrix.
The PAPR of the transmitted OFDM signal of Eq.
(1) is defined as

max [c, k|2
PAPR = 1<k<K -

E(le.sf ] @)
where E[:] denotes the expected value.

Applying the central limit theorem when assuming
that K is sufficiently large, the time-domain
samples cix are approximately zero-mean complex
Gaussian distributed[10]. Then, the complementary
cumulative distribution function (CCDF) of the
PAPR of an OFDM signal for a given PAPR level,
PAPRy, is the probability that the PAPR of a randomly
generated K-OFDM symbol exceeds the given
threshold of PAPRg, which can be expressed as[7]

Prob[PAPR > PAPR,]=1-(1-¢""™)" o

I1l. PAPR reduction methods

Since the high PAPR in the MIMO-OFDM
system is the same problem as the OFDM system,
we can use the selected mapping (SLM) and
partial transmit sequence (PTS) schemes that are
classified into thé phase control scheme to
suppress the high peak. In the SLM rﬁethod, the
number of U sequences, which is statistically
independent and differently changed, are generated
from the same information by multiplying the data

vector C with the phase rotation vector b. Then,
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the sequence of the lowest peak amplitude is
selected to transmit. In the PTS method, the data
vector is partitioned into Vdisjoint subblocks,
which are combined with the phase rotation vector
to minimize PAPR.

1. Selected Mapping(SLM)

In the MIMO-OFDM system, the SLM approach

can be applied to each transmit antenna
independently. In this method, a set of U vectors,
which is statistically independent but fixed
K-dimensional, must be defined to increase the

number of alternate transmit sequences. The U
Q) _

phase rotation vectors can be represented as

ol

O b bk with B =" 0’e[0 2)i -
[1,U], k = [1,K]. The data sequence C = (Cy, Cs,...,
Ck) is rotated in phase by multiplying carrier-wise
with the U vectors ﬂ Thus, we obtain U copy
blocks of the data sequence with the same

information as

K
s =Y C,p?
Z: e 1<1i <U (4)

TThe symbol of the lowest PAPR, denoted as

Z , chosen from the different U S¥symbols is

transmitted. So, the complementary cumulative

distribution function that Z exceeds PAPRg is

approximated as
: K U
Prob[x > PAPR°:|=(1—(1—e_”AP&’) )

Because of the selected assignment of binary
data to the transmit signal, this principle is called
a selected mapping.

The side information about the rotation can be
transmitted in the embedded type into the data or
in another channel. This requires much system

complexity and computational burden.

2. Partial Transmit Sequences(PTS)

In the PTS method, the data sequence C must
into the V disjoint, fixed

K-dimension subblocks or clusters that are

be partitioned

combined to minimize the PAPR. There are three
kinds of partitioning methods; adjacent, random
and interleaved method. Partitioning C into V
disjoint subblocks (c?j= 1, 2,.., V}and setting to

zero in another subblocks can be presented as

c=NcV

v
j=1

We introduce the phase rotation vector b = (b(”,
b?,., b)) chosen to minimize the peak value.
The choice of b {#1,4j} is very important for the
PAPR reduction. Each partitioned subblock is
controlled in phase by multiplying the subblock
with the corresponding rotation vector.

The objective is to optimally combine the V
clusters

S = . b(j)c(j)
% @

In the time-domain
N AU

s~§b c ©

where c”, the IFFT of CY, is called the partial
transmit sequence. The signal s has lower PAPR
than the original signal thanks to the optimization
procedure. And the rotation vector b will be
transmitted with the data signal as the side

information.

3. HPA and Predistorter

In this paper, the predistorter may be combined
into the high power amplifier (HPA) in the
MIMO-OFDM system after the peak value of
MIMO-OFDM signal is reduced. There are two
types of HPA, traveling wave tube amplifier
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(TWTA) and solid state power amplifier (SSPA).
The amplitude and phase characteristics of these

two amplifiers are given by

Axls@)|

ATWTA =
ds@h o+ AL -

o]
ls@?]+ 42 ®
ls@)

ls] Y 7
(H( A, 9)
Bsspas) =0 10)

where Ay, is the input saturation voltage, Aow 1S

Orza s =§

Agspa (IS (t )I) =

the output saturation voltage, p is the Raff's
coefficient to control the smoothness of the
transition from the linear region to the saturation
region, {s(t)| is the amplitude of the input signal.
Atwra and Asspa are the amplitude characteristics
of TWTA and SSPA, respectively. Here, we
investigate the application of PTS and SLM
methods with the SSPA. From the above
equations (Eq. 8, Eq. 9, Eq. 10, Eq. 11), we see
that the SSPA has only the AM/AM distortion,
while the TWTA has both AM/AM and AM/PA
distortions. In our following simulation, the input
back-off (IBO) is set to determine the saturation
amplitude of the HPA.

Although both PAPR reduction methods of SLM
and PTS can reduce the peak power, it is not
enough to suppress the out~of-band emission. The
predistorter should be used to limit the spectral
regrowth., The predistorter is a linearization
method in which the input signals are conversely
HPA. Through the

predistorter and the nonlinear HPA, the overall

predistorted before the

characteristics can be linearized.

IV. Simulation results and discussion

PHPAPRSPAPHO)

PAPFo{cB)

Fig. 2. CCDFs of PTS, SLM and Normal
MIMO-OFDM

In the simulation, the parameters are set as
follows;

Size of IFFT: K = 64

Modulation format: QPSK

Channel: AWGN

Amplifier: SSPA with Rapp’s coefficient, p = 2

Input back-off (IBO): 4, 6 and 8 dB

The number of subblocks in PTS method: V = 4

The number of copy blocks in SLM method: U = 4

The the PAPR

reduction by

simulation results show

SLM and PTS methods in Fig. 2. The PTS
method is better than the SLM method, and the
CCDF of the PTS technique is the best result.
Compared with the original MIMO-OFDM, the
PAPR of the PTS method can be reduced by
about 5dB at the PAPR of probability of 107
Meanwhile, at the same value of probability, the
PAPR of the PTS method is only smaller than the
SI.M method about 1.5 dB. These results make a

good effect on the BER performance. After
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reducing PAPR by PTS and SLM methods, the
data goes into the SSPA with and without the
predistortor.

W

= near ampifier
== with prociatoner, 8088 -
wdy~ withend predisioner, IBO=8B |
«Q with predistoner, B0

b= wihou predstoner, IBOmAcE

2 O § ) 10 12

Fig. 3. BER performance of conventional
MIMO-OFDM with predistorter

The BER performance is shown for the
conventional MIMO-OFDM system with and
without the predistorter in Fig. 3. In this figure,
the more input back-off (IBO) is, the better BER
performance and the poorer HPA power efficiency
are. The predistorter gives a good improvement in
the BER performance. As shown in Fig. 3, with 4
dB IBO to meet the BER of 10™ the conventional
MIMO-OFDM system plus the predistorter can
achieve 1.7 dB SNR gain compared with this
system without the predistorter. Meanwhile, at the
same BER and the value of 8 dB IBO, the
about 1 dB.
Consequently, it is clear that in case of using the
predistorter with 8 dB IBO, the BER performance

closely matches to the linear amplifier.

difference between them is

In this paper, we assume that there is no error
in the side information (SD) at the receiver. The
results in Fig. 4 are given by the SLM method
when combined with and without the predistorter.
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Fig. 4. MIMO-0OFDM using SLM method with
predistorter

+@ wilh predistorter, 18O = 4dB.
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Fig. 5. MIMO-OFDM using PTS method with
predistorter

The predistorter operates more effectively in the
SLM method than in the orniginal MIMO-OFDM
system. With the IBO of 4 dB and without the
predistorter, 10.7 dB SNR is required to meet the
BER of 107, while with the predistorter 95 dB
SNR is required. With 6 dB IBO, the difference
between them is about 1 dB SNR. Moreover, we
can easily see that with the predistorter and IBO
of 6 dB, the BER curve really matches to the ideal
linear amplifier. In Fig. 4, the simulation results
show that with 4 dB IBO plus the predistorter, the



MIMO-OFDMOIA PAPR Mz & ARM 4Z 710l oJot HPAS M8 S8 M 207

system using the SLM method requires 9.5 dB
SNR while the conventional system needs 10.3 dB
SNR to obtain the BER of 107 In Fig. 5, it is
shown that in the PTS method only 4 dB IBO is
required to get the same performance as the curve

of linear amplifier when the predistorter is used.

e iror ampiier -
+© Nommal MIMO-OFDM: predistarter, BO=808

wipm SLM+pradistorter, IBO=603
odbe PTSpredistorer, BO=4dB

o 2 4 [] 10 12

Fig. 6. Comparison of BER curves

The BER curves of the original MIMO-OFDM
system and PTS and SLM methods are shown in
Fig. 6. It is clear that by using PTS and SLM
methods, the MIMO-OFDM system can reduce
PAPR to decrease the nonlinear distortion and
improve the HPA power efficiency. And the PTS
method is better than SLM method in reducing the
PAPR. From the BER performances in Fig. 3, Fig.
4, Fig. 5 and Fig. 6, it can be observed that to
closely match to the linear amplifier, the PTS
method plus the predistorter requires 4dB IBO, the
SLM method with the predistorter needs 6 dB
while the original MIMO-OFDM system using the
predistorter Consequently,
combining the predistorter with the HPA and
using the PAPR reduction methods of SLM and
PTS, we can design the signal of low PAPR,

decrease the HPA nonlinearity and improve the

requires 8 dB.

power efficiency of HPA as well.

V. Conclusion

We have studied two methods of SLM and PTS
to improve the power efficiency by reducing the
peak of the MIMO-OFDM signals. By these
methods, PAPR is reduced in the viewpoint of the
CCDFs, where the PTS method is better than the
SLM method about 1.5 dB at the PAPR probability
of 10*, The BER performance of the
MIMO-0OFDM system is investigated when HPA
is combined with and without the predistorter.
The BER

performance, especially with small input back-off

predistorter can improve the
values. From the simulation results, it is shown
that the necessary input back-off is only 4 dB for
the PTS method including the predistorter and 6
dB for the SLLM method including the predistorter
to closely match to the linear amplifier. On the
contrary, the original MIMO-OFDM system needs

8 dB IBO without ahy nonlinear countermeasure.
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