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Abstract

Multiple input multiple output orthogonal frequency division multiplexing (MIMO-OFDM) is
widely applied in wireless communication by virtue of its excellent properties in data
transmission rate and transmission accuracy. However, as a major drawback of MIMO-OFDM
systems, the high peak-to-average power ratio (PAPR) complicates the design of the power
amplifier at the receiver end. Some available PAPR reduction methods such as selective
mapping (SLM) suffer from high computational complexity. In this paper, a low-complexity
SLM method based on active constellation extension (ACE) and joint space-time selective
mapping (AST-SLM) for reducing PAPR in Alamouti STBC MIMO-OFDM systems is
proposed. In SLM scheme, two IFFT operations are required for obtaining each transmission
sequence pair, and the selected phase vector is transmitted as side information(SI). However,
in the proposed AST-SLM method, only a few IFFT operations are required for generating all
the transmission sequence pairs. The complexity of AST-SLM is at least 86% less than SLM.
In addition, the SI needed in AST-SLM is at least 92.1% less than SLM by using the presented
blind detection scheme to estimate SI. We show, analytically and with simulations, that
AST-SLM can achieve significant performance of PAPR reduction and close performance of
bit error rate (BER) compared to SLM scheme.
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1. Introduction

M ultiple input multiple output orthogonal frequency division multiplexing (MIMO-OFDM)

is an efficient technique for wireless communication, which utilizes spatial multiplexing
technology to improve data transmission rate and ensure transmission accuracy via spatial
diversity and beamforming [1]. It plays a vital role in many broadband wireless standards,
including the IEEE 802.11ac for wireless local networking [2], IEEE 802.16e for metropolitan
area networks [3], and third generation partnership project (3GPP) long term evolution (LTE)
for cellular networks [4]. Moreover, it has been widely used in the 4G wireless
communications and will be applied to the 5G wireless communications [5][6]. Compared
with the traditional MIMO-OFDM system, STBC MIMO-OFDM system introduces spatial
diversity gain, which enhances the transmission reliability [7]. However, the MIMO-OFDM
system usually suffers from high PAPR, which complicates the design of the power amplifier
at the receiver end . Therefore, the design of PAPR reduction scheme has become a hot spot in
MIMO-OFDM research.

Classical PAPR reduction techniques include clipping, selective mapping (SLM), partial
transmission sequence (PTS), and active constellation extension (ACE) [8]-[11]. Some
methods, such as clipping, reduce PAPR by performing nonlinear preprocess to time-free
signal. Though simple in principle and reducing PAPR significantly, the clipping technology
leads to signal distortion and degradation of bit error rate (BER) performance [12]. ACE
improves the BER performance by correcting the constellation after clipping [13]. Methods
like SLM and PTS, reduce PAPR by changing the phase distribution of data frame. In SLM,
the phase distribution of data frame is changed by multipling the data frame with a random
phase vector [9]. While PTS divides a large frame into several subblocks, and multiply them
with diffirent phase factors [11]. However, both SLM and PTS need to transmit the phase
vector or phase factors as side information (SI), which wastes spectrum resource a lot.

Recently, various improved methods have been proposed to alleviate the PAPR problem
of MIMO-OFDM. In [14], a novel phase offset SLM scheme has been proposed to reduce the
PAPR without SI in Alamouti MIMO-OFDM systems. However, the complexity of this
method is high. The work in [15] proposed the using of combination of PTS and signal
clipping techniques to solve the high PAPR, but the exhaustive search in PTS process cost
large computational complexity and the nonlinear distortion was introduced to system by
clipping. In [16], a simple SLM method based on time-domain sequence cyclic shift and
combination of antennas is proposed. However, the time-domain sequences generated by this
method is not independent, which leads to a poor PAPR reduction performation compared to
SLM.

In this work, a joint space-time selective mapping scheme based on active constellation
extension, also called AST-SLM, is proposed. Unlike the traditional selective mapping (SLM)
scheme, the transmission candidate sequence pairs are generated via weighted combination
between the cyclic-shifted sequences in different antennas, and before this step, the active
constellation extension is performed to the IFFT-operated time-domain sequences to reduce
PAPR for the first time. While requiring only a small amount of computation, this scheme
achieve better performance in reducing PAPR than SLM. Moreover, a blind detection scheme
is proposed to estimate Sl, so the Sl needed in AST-SLM is less than SLM.

The rest of the paper is organized as follows. In Section 2, the main theory of Alamouti
STBC MIMO-OFDM system, as well as the definition of PAPR are explained, and the SLM
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scheme is also described in this section. In Section 3, the AST-SLM and the blind detection
scheme for estimating Sl are described. In Section 4, the analysis of computational complexity
is introduced. In Section 5, the simulation results and analysis are described. Finally,
conclusions are given in Section 6.

2. Alamouti STBC MIMO-OFDM and SLM Scheme

2.1 Alamouti STBC MIMO-OFDM

We consider a two-antennas Space Time Block Codes (STBC) MIMO-OFDM system
that adopts the Alamouti scheme. The orignal OFDM sequence transmitted in each antenna is
denoted by:

X; =[X;(0), X;(@),---, X;(N -1)] 1)
where N is the number of subcarriers, i is the index of antenna. The frame structure of the
STBC MIMO-OFDM system is expressed as

X _ X, X, 2
STBC X, X,

where ()" indicates complex conjugate. The frames in the first column of X... are

transmitted from antenna 1 during the first and the next symbol period, respectively. And the
frames in the second column of X . are transmitted from antenna 2 during the first and the

next symbol period, respectively [17].

The time-domain sequence on the antenna i can be expressed as
j2nk

— 1 N N
X, = N kZ:? X, (k)e 3)
And the PAPR on the i, antenna is defined as:
max{| x (k) I’}
E{Ix (k) I’}
The PAPR of MIMO-OFDM is defined as:
PAPR =max{PAPR}, i€[L2] (5)

The complementary cumulative distribution function (CCDF ) is usually used to
evaluate the PAPR performance in a MIMO-OFDM system, which physically means the

probability that the PAPR value exceeds the certain threshold PAPR, [18]
CCDF(PAPR) = P (PAPR > PAPR,) (6)

PAPR, =10log,, (dB) (@)

2.2 SLM scheme

In SLM scheme, the phase distribution of the data frame is changed by multiplying
random phase vectors. Fig. 1 depicts the block diagram of SLM scheme. The main idea of SLM
scheme can be briefly described as follow

Assume that there are G different random phase sequence vectors with length N

R“ =[R”.Py"...REy]  #=12..G (7)
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where P“ =exp(jp), o™ is evenly distributed in [0 27) . However, to reduce the
camputational complexity, ¢ is uaually set to [0 /2 = 3z/2]. Then, multiply the X,
with P“ to obtain X “:

Xi(/t) :[X(,U) xi(lﬂ),_“, Xi((/ll\l)—l)] — Xi . pi(ﬂ)

io 1

: 1 1 (8)
= [Xiopig)‘)’ xilpii!)’"" Xi(N-l)PiEf\l)_l)]
Apply IFFT to X to obtain the time-domain sequences x*’
x4 =[x X Xy ] )
where
x4 = IFFT (X ) (10)

Finally, the time-sequence with the smallest PAPR in xi(”) is selected to be transmitted.

Meanwhile, the random phase vector P*“’ corresponding to x*’ is transmitted as SI. To
transmit the SI in SLM, 2N bits is required for each antenna.

X‘m ]

(
IFFT |-
X, min A
—> ; cp
x| paPR -
IFFT >
g
[FFT >
min AN
: ‘ cp
9 | pAPR -
IFFT >

Fig. 1. Block diagram of SLM scheme

3. AST-SLM Scheme

In AST-SLM scheme, the ACE is done on the IFFT-transformed time-domain signal at
the transmitter side at first, then various candidate sequence pairs with different PAPR are
generated via weighted combination of cyclic-shifted time-domain sequences in different
antennas. Compared with SLM algorithm, both the calculational complexity and Sl of
AST-SLM is significantly reduced. In addition, a blind detection scheme for estimating Sl is
proposed. And it is noteworthy that various parameters can be adjusted according to the actual
system characteristics in AST-SLM scheme, which efficiently improves the flexibility and
practicability.

3.1 ACE mudule

The clipping technology efficiently reduces the PAPR of signal, but inevitably causes
signal distortion, which leads to fading in frequency band and spreading outside frequency
band. However, the technique of constellation extension can largely eliminate the signal
distortion caused by the clipping process [20] . Active constellation extension (ACE) can be
defined as the combination of clipping technology and constellation extension process, which
can be described briefly as follows:
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First, clip the time-domain sequence at the i, antenna x;, and the clipped sequence X
can be written as:

" () Z{Amxe”(“’ 1% (M) > A n

X (n) ;l X (n) |S Anax

where x (n)=]x (n)|e”™ ,and A =CR-E{Ix I’}. CR is the constant clipping rate.

max

Then, apply FFT to x.. to obtain X, . Checking all the X, (k), as illustrated in Fig. 2,

for those constellation points within the dotted line, extend them to the four standard
constellation points, and for those constellation points beyond the dotted line and not in the
extended area, extend them to the corresponding positions from the nearest thick solid line.

Im

Fig. 2. Schematic diagram of QPSK constellation expansion. The extended area is illustrated in
shaded area

Fig. 3 shows the constellation change of QPSK signal in ACE process. From Fig. 3(a),
after clipping process, the constellation becomes divergent and the Euclidean distance
between adjacent constellation points gets smaller. That is to say, the clipping process
introduces equivalent noise. As shown in Fig. 3(b), in the extended constellation diagram, the
Euclidean distance between adjacent constellation points is increased and the noise is
effectively reduced.

1 T T T T T T T T T 1 T T T T T T T T T
*

.. r

@) (b)
Fig. 3. Constellation change of QPSK signal in clipping-constellation-expansion
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3.2 Joint space-time selective mapping mudule

Again consider the two-antenna MIMO-OFDM system mentioned above. We assume
that the time-domain sequences generated at antenna 1 and antenna 2 after ACE operation are

X and x,, respectively. In multicarrier systems, the centralized distribution of subcarrier

phases can easily lead to large power peaks [21]. The phase distribution of those new
sequences obtained by weighted combination of time-domain sequences on different antennas
is more random than the original sequence, and theoretically, their PAPR may be lower [16].

Based on this, a new sequence set generated by weighting x and X, can be denoted as

Z, (Zﬂc,,ne[l 2] (12)

where 1/\/n is the power normalization weighting factor. Since the sign of the time-domain

sequence does not affect the PAPR, there are actually only four sequences with different
PAPR in Z(0), therefore, we correct it as follow:

Zy={0 X 1/ 2(% + %)/ 2(% = X,)} (13)
Furthermore, to produce more candidate sequences, we cyclic-shift x; with a certain
cyclic shift factor w; to obtain x,, as follow:

X, = Cicshift(x,,w;)

=L (W), X (W, +2),--+, % (N =1),%(0),---, x; (wi-1)}, w, €[0,1,-- W —1]
(14)
where cicshift(-) represents the cyclic shift operation, W is the maximum shift factor. And

then the set of candidate sequence can be further expanded by weighted combination of X,
as Eq. (13), which can be expressed as f0||0W'
W1W+W2 {Xlwl’ 2w, ! \j (Xlw1 + XZWZ) Y} (Xlw1 2w2 (15)

Hence, W ? candidate sequence sets can be generated.
Z, X% NY20%) Y20, -%,)

D R ) IR 16)

WW W, Wl 2W2 \/ (Xlw1 + XZW2 ) \] (Xlw1 2w2
And the sequence pairs choosed from Z; can be written as:
[21’ )zz]jl :[Zj (a)’zj (b)] 17)
where a=b, a,be[1,2,3,4] and 1<1<C;,0< j<W?-1.
Finally, we consider all the W ?candidate emission sequence sets, thus C;W?* sequence

pairs with different PAPR can be obtained, and the one with the smallest PAPR is selected as
the final transmission sequence pair

z
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[21’ )zz]final = arg [mjr]]j {PAPR[&’ )’iz]jl}

X1, X 1

= X, X4, 1B (18)

e

21 22
where by,,b,,b,,,b,, €[0, irl,i]/ﬁ], W, and w, denote the cyclic shift factor of x and x, in
[X,, X, ] » Yespectively. In order to correctly restore [x, (W,) x, (W, )] at the receiver side, B is
the only Sl required to be transmitted. And to restore x, and x, , the cyclic shift factors

[w, w,]are generally transmitted as Sl too.

3.3 The proposed blind detection scheme

Under the condition that the complexity of the receiver is not a limit for system design,
we propose a blind detection scheme to estimate [w, W,], which bolck diagram is shown in Fig.
4 and can be described as follow.

According to the property of Fourier transform, the cyclic shift process on the
time-domain sequence x equates to the phase rotation in frequency-domain sequence X [22],
which can be denoted as:

IFFT (X (n)- /2™ DNy = cicshif (x,w) (19)

Assume that the cyclic-shifted time-domain sequence [x; X, ] is restored and the
number of subcarriers is large enough, the frequency-domain sequences is given as follow:

X, =FFT (%) (20)

Then the central constellation points of )Zi can be written as:
X =[Xig s Xigoms Xy 1] (21)
where M s the order of the modulation. For example, when a power-normalized QPSK

signal has passed through an AWGN channel, its constellation diagram is not a standard
QPSK any more, but its central constellation points can be approximately written as

YN2[+i,-1+i,-1-i1-i],i=v/-1 22)
Suppose that the candidate set of cyclic shift factor is known to the receiver side, which is
[0,...W —1]. The W anti-rotation sequences can be obtained by the reverse phase rotation of

~

X." according to Eq. (19)

I
X, =Xe N o<k <w -1 (23)
where X' is the standard central constellation points of the adopted modulation. There must
be an anti-rotation sequence which have the smallest Euclidean distance with Xi'. Thus, the

estimation of [w, W,] can be described as:
M ~
= H ! _ ' 2
W =arg min 301X, (@)-X'(@)] (24)

The most innovative feature of this blind detection scheme is the estimation of cyclic shift
factors in the receiver side. So B is the only Sl required to be transmitted. Although the
computational complexity in receiver is increase, but the complexity of the whole system is
reduced compared with SLM, which will be detailedly explained in Section 4.
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Fig. 4. Block diagram of the proposed blind detection scheme for estimating cyclic shift factors

3.4 The transmitter side of AST-SLM

The Block diagram of AST-SLM scheme is shown as Fig. 5, and the specific steps of the
AST-SLM in transmitter side are summarized as follows

Step 1 Map the data bit stream to the certain modulation constellation (MPSK/MQAM), then
perform STBC encoding to obtain the frequency-domain sequence on different antennas.

Step 2 Set the clipping rate CR and the maximum number of ACE iteration M, and set the
current iteration number m=1.

Step 3 Apply IFFT transformation on X, ()Zi) to obtain the time-domain sequence X; (%),
then implement clipping operation as Eq. (11).

Step 4 Turn the switch K; to the 1, perform FFT transformation on X; (X ) to obtain a new
frequency-domain sequence Xi , and perform constellation expansion on Xi , Set
m=m+1.

Step 5 Repeat step 3 and step 4 till m=M,.

Step 6 Turn the switch K; to the 2, and oversample X; with the oversample rate L,

X =IFFT[X,,] (25)
Where
X0 =[X;(0),...X;(N /2_1)’0’(9’1'{&0’ X, (N/2+1),..X,(N =1)] (26)

Step 7 Cyclic-shift X; with shift factor W, W €[0,1,--W -1] to get X, and X,, using Eq.
(14);

Step 8 Weight the X, and X,,, to geta new sequence set Z,.,,, , using Eq. (15);

Step9 Choose the sequence pair with the smallest PAPR in Z,0<p<W’-1 as the
transmission sequence pair [X,%,].
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Over- ) Z(O} -
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IFFT |- clipping / 2
| X A
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L ¢ le—l X5
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cicshift(0) 73 ¥
A1/2
| IFFT [ clipping i ; )
Ovwer- . . Z[W" = 1)
sample h? o
vi/d
cicsh!ﬁ(W—l)l ' >
: |—"'2H -1

Fig. 5. Block diagram of the proposed AST-SLM scheme
3.5 The receiver side of AST-SLM

After channel transmission, the sequence pair in receivier side is denoted as [yl, yz] , the

relationships between [yl, yz] and the transmitted sequence pair [)?1, )A(Z] can be expressed as:

{yl:)zl®hll+)22®h21+nl 27)
Y, =% ®h, +X,®h, +n,

where h; (i, ] =1,2) represents the impulse response of the channel, and N, (i=1,2) represents

the channel noise. The sequence pair obtained after channel equalization is written as [>A(1*, )?2*]
X =%+n
R 28)
X, =X, +n,

where ni*,i €[1,2] is the sum of channel noise and channel equalization equivalent error noise.

And the recovered cyclic-shifted sequence is given as:

* Ak

[Xllw1 ' XIZWZ] =[%,%'18™ (29)
Finally, the original sequence can be restored by inversely cyclic-shifting the [X'1W1 ) X'ZWZ] with

the estimated [W,,W,], that is
% =[x, (W), X, (W, +1),...x;,, (LN =1),x;,, (0),..x,, (W ~1)] (30)
Now we consider the Sl needed in AST-SLM. More specifically, to transmit 8 and [w, W,],

only 8 and 2log,W bits is needed, respectively. If the [w, w,] is estimated by the blind

detection scheme, then Bis the only SI of AST-SLM, that is to say, only 8 bits is required.
Here we define Sl reduction ratio (SRR), which can be expressed as:

SI of AST —SLM 8+2IogZWj
4N

x100% (31)
Sl of SLM

Since N>64 and W <N in practical MIMO-OFDM systems, thus SRR >92.1% can be

guaranteed. In other words, AST-SLM further reduces the Sl by at least 92.1% compared to
SLM, so the higher spectrum utilization can be realized in the system.

SRRz(l— jxlOO%Z(l—
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4. Complexity Analysis

In this section, we analyse the computational complexity of AST-SLM, SLM, ACE and
PTS. It is noteworthy that the computational complexity of AST-SLM depends on whether the

cyclic shift factors [w,,w,] are known to the receiver, so we discuss the two situations in

AST-SLM: cyclic shift factors are known (AST-SLM1) and unknown (AST-SLM2). To
simplify the model, we only consider the complex multiplication (CM) and complex addition
(CA) as indication of computational complexity.

4.1 Calculational complexity of transmitter

Assum that the number of subcarriers is N and the oversample rate is L , the
computational complexity for a N -points IFFT/FFT transformation at the transmitter are
Nlog,N/2 CMs and Nlog,N CAs. We firstly consider the ACE module of the AST-SLM
scheme. In the first M, -1 iterations, only one N -point IFFT and FFT are performed each
iteration. Whereas, only one LN -points IFFT is needed in the last iteration. Therefore,
(M, -1Nlog,N +LNlog, LN CMs and 2(M,-1)Nlog,N +2LNlog, LN CAs are required in the

ACE module. Next, we consider the joint space-time selective mapping module. 4W?LN
CAs are required to weighted-combine the cyclic-shifted sequences on different antennas.
Thus, the number of CM and CA required in tranmitter of AST-SLM scheme are

(M, -DN1log, N +LNlog, LN and 2(M, -I)Nlog, N +2LN(log, LN +2W ?) | respectively.

Under the same conditions that the number of alternative sequences is W 2, the number
of CM and CA required in SLM are W “LNlog,LN and 2W *LNlog, LN , respectively. And for
ACE , they are (M,-I)Nlog,N+LNlog,LN and 2(M,-1)Nlog,N +2LNlog, LN . However, for
PTS, W2 =V", v is the partition number of OFDM signal , and p=4 is the elements number
of phase set p“’=[0 z/2 = 37/2]. So the number of CM and CA required in PTS are

WLNlog,LN and 2¥WLNlog,LN | respectively.

4.2 Calculational complexity of receiver

Under the condition that the SI B is known, in the receiver side of AST-SLM, the
received sequence pair [, %] is firstly operated based on Eg. (29), then the cyclic-shifted
sequences [X x'ZWZ] are recovered, and the computational complexity for this step is 2LN
CAs.

When cyclic shift factors [Wl,Wz] is known to the receiver as Sl, to restore x., reverse

cyclic shift operation is applied to [x x'ZWZ] to obtain X as Eq. (30). This step do not require

1w !

1w ?
any CA or CM. Then, FFT is performed on X, to obtain the restored frequency-domain
sequences X, , where LNlog,LN CMs and 2LNlog,LN CAs are required. Thus, LNlog,LN
CMs and 2LN(1+log, LN) CAs are required in AST-SLM.

If [Wl,Wz] is unknown to the receiver, FFT is first performed on [x x'ZWZ] to obtain the

1w !

frequency-domain sequences with phase deflection [X X'ZWZ], where LNlog,LN CMs and

1w !
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2LNlog,LN CAs are required. To estimate [Wl,Wz], 2WN CMs are needed for the proposed

blind detection scheme. Thus, N(2W +Llog, LN) CMsand 2LN(L+log, LN) CAs are required.

When Sl is known, the other three algorithms have the same computational complexity at
the receiver, LNlog,LN CMs and 2LNlog,LN CAs.

Table 1 summarizes the computational complexity of the above four schemes. As can be
seen, many parameters affect the computational complexity. And the value of subcarrier
number N and maximun cyclic shift factor W are closely related to the computational
complexity. Their relationships are shown in Fig. 6 and Fig. 7.

As illustrated in Fig. 6, as N increases, the computational complexity of the four
schemes increase both in the transmitter side and the receiver side. Compared to SLM and PTS,
the computational complexity in the transmitter side of AST-SLM and ACE is decreased
greatly. In the receiver side, computational complexity of AST-SLM is slightly increased
when cyclic shift factor is not transmitted as Sl. This is because the estimation of cyclic shift
factor requires computational effort.

Table 1. Computational complexity of the transmitter side and receiver side

Algorithm Transmitter Receiver
g CM CA CM CA
AST-SLM1 Mo L
. 0
(W, w,] is known) | (M -gN1og,N | 2, )N log, N % N o0
+
AST-SLM2 +LN log, LN +2LN(log, LN +2W ?) v
. N(2W +Llog, LN)
([W;,W,] is unknown)
SLM W *LNlog, LN 2W *LN log, LN LN log, LN 2LN log, LN
M, -1)N log, N 2(M, ~)N log, N
ACE M, =N log, M, 4N log, LN log, LN 2LN log, LN
+LNlog, LN +2LN log, LN
PTS W1LNlog, LN 2\WLNlog, LN LN log, LN 2LN log, LN

J
3 0°} g 1 o AST-SLMI/AST-5LM2 Tx
_4-SLM >
»-PTS T
o AST-SLM1/AST-SLM2/ACE Tx - ACE >
SLM Tx _-AST-SLM1/AST-SLM2 Rx
104] »PTS Tx ] 104 _%-SLM/PTS /ACE Rx
o AST-SLM1/ACE/SLM/PTS Rx
—#-AST-SLM2 Rx
10° . . ! . . ! . . 10° . . . .
0 500 1000 1500 2000 2500 3000 3500 4000 0 1000 2000 3000 4000
N N

Fig. 6. Relationships between the complexity and N when W =4,L =4,Mt =2
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Fig. 7 shows that, with the increase of W , the computational complexity of the four
schemes increase in the transmitter side, but almost stay unchanged in the receiver side(when
cyclic shift factor is transmitted as Sl). Under the situation that cyclic shift factor is not
transmitted as SI, AST-SLM need more computational complexity in the receiver side than
other schemes. However, in the transmitter side, the computational complexity (especially CM)
of AST-SLM is greatly reduced compared to SLM and PTS.

10° : : : : : : : 10°

o AST-SLMI/AST-SLM2/ Tx
SLM T
-
s J < 10° PTS T
o o AST-SLM1/AST-SLM2/ACE Tx © ‘P‘ACE T
X
SLM ™
-
AST-SLM1/AST-SLM2 R
$PTS Tx - X
e-SLM/PTS/ ACE Rx
©-AST-SLM1/ACE/SLM/PTS Rx
10° | 4-AST-SLM2 Rx 10°] »

0 5 10 15 20 25 30 35
w w

Fig. 7. Relationships between the complexity and W when N =256,L =4, Mt =2

We defined computational complexity reduction ratio(CCRR) to get better comparison of
computational complexity between AST-SLM and SLM. The CCRR can be writed as:

_ complexity 9f AST —SLM jxlOO% 32)
complexity of SLM
where the complexity includes the complexity of transmitter and receiver.
Table 2 gives the CCRR under different valuesof N and W ,andweset L=4,Mt=2 .
As can be seen, all the CCRR values are greater than 86%, some CCRR values are even close
to 100%. This proves once again that the computational complexity of AST-SLM is much
lower than SLM.

CCRR = (1

Table 1. CCRR of AST-SLM

N =64 N =256 N =1024
State of [W,,W,]
CM CA CM CA CM CA

W =4 87.9% | 86.2% | 87.5% 86.4% 87.2% 86.5%

known W =10 98.1% | 97.6% | 98.0% 97.7% 97.9% 97.7%
W =16 99.2% | 99.0% | 99.2% 99.1% 99.2% 99.1%

W =4 86.3% | 86.2% | 86.2% 86.4% 86.2% 86.5%

unknown W =10 97.4% | 97.6% | 97.5% 97.7% 97.5% 97.7%
W =16 98.8% | 99.0% | 98.9% 99.1% 98.9% 99.1%
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5. Simulation Results and Analysis

The PAPR and BER performance of the above mentioned schemes is simulated in this
section. The parameters considerd in the MATLAB simulation are given as Table 2.

5.1 PAPR performance

Fig. 8 is the CCDF curve of AST-SLM scheme under different parameter settings. As
shown, the PAPR performance of AST-SLM is closely related to the maximum shift factor w ,
the clipping rate cr, and the number of ACE iterations M, . Specifically, the PAPR

performance is positively correlated with the values of w and M, and negatively correlated
with the values of CR . It is because that the PAPR reduction performance is improved with
M, increasing and CR decreasing, and the number of alternative transmision sequence pairs is
increased as w increase. For example, when W =4 and CR=3, the 10 PAPR is about
0.1dB reduced when increasing M, =2 to 4. When W =4 and M, =2, the 10° PAPR is
approximately 0.35dB reduced when decreasing CR =4 to 3. And when M, =2 and CR=3,
the 10° PAPR is 0.38dB reduced when increasing W =4 to 10. However, M,and CR can
not be too large or too small, otherwise, the signal distortion is serious. In addition, the larger
the w and M, are, the more the computational complexity is increased, which lead to the

reducing of the real-time performance of the scheme. Therefore, in practical applications, the
algorithm parameters should be flexibly configured according to the real-time requirements of
systems.

Table 3. Parameters in simulation

Parameter Specification
STBC MIMO-OFDM system with two transmit
System
antennas
Channel fading multipath channel with Doppler frequency shift
Subcarriers number (N ) 1024
Oversampling rate (L) 4
Clipping rate (CR) 2,3
Maximum shift factor (w ) 4,10,16
partition number of PTS (V) 2,4
Number of ACE iterations( M, ) 2,4
Random phase in SLM/PTS( ) 0, /2,7, 3r/2
Modulation QPSK
Time of simulations 10000

Fig. 9 indicates the CCDF curves of the four schemes. From the results, the CCDF curve
of AST-SLM is steeper than SLM, ACE and PTS, indicating that the PAPR reduction
performance of AST-SLM is efficiently improved. Let w be the same value, when
CCDF =102, the PAPR of AST-SLM is 0.5dB lower than SLM and PTS. Moreover,
AST-SLM also outperforms ACE in PAPR performance. The reason is that, in AST-SLM, the
PAPR is drastically reduced twice. The first time is achieved by ACE process and the second
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time is realized by joint space-time selective mapping.

10 7

10~

CCDF (Pr[PAPR>PAPRO])

3 L L L L 1
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Fig. 8. CCDF curve of AST-SLM with different parameters
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Fig. 9. CCDF curve of different methods( Mt = 2, CR =4 for AST-SLM)

5.2 BER performance

Fig. 10 shows the BER performance curves of the four schemes in the receiver side when
passing through the fading multipath channel with Doppler frequency shift. The time delay of
the channel is [0 0.012 0.024 0.036 0.048 0.06] T ,where T is the symbol period, and the path
energy is [1.0 0.6095 0.4945 0.394 0.2371 0.19], and the maximum Doppler shift is set to
0.01Af ,where Af is the subcarrier frequency spacing. It is noteworthy that the BER

performance of the AST-SLM is almost unaffected by the maximum shift factor W , but is
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slightly worse than the SLM and PTS. And the reason is twofold: on the one hand, the ACE
module introduces the signal distortion to the system, on the other hand, the signal variance
increases in the process of generating the candidate sequence pairs by weighted combination
between sequence on different antennas, which introduces more noise than SLM and PTS.
However, there are some remedial measures can be done to reduce the signal distortion which
introduced by ACE, such as filtering. This will be the focus of our next research.

E S AST-SLM E o AST-SLM
= PTS PTS
oSLM _sMm
ACE | 0] ACE

—e-Orignal ~e-Orignal

PRPR[dB] PRPR[dB]
@w=4 (b)w =16
Fig. 10. BER curve of different schemes( Mt = 2,CR =4 for AST-SLM)

6. Conclusion

In this paper, a low-complexity method based on active constellation extension and joint
space-time SLM (AST-SLM) for reducing PAPR in Alamouti STBC MIMO-OFDM systems
is proposed. The proposed method can obtain better PAPR reduction performance and require
less Sl than SLM, PTS and ACE. And compared to SLM and PTS, the computational
complexity of AST-SLM is greatly reduced in transmitter side. In addition, a blind detection
scheme to estimate S| is proposed, which greatly reduced the SI. Though the BER
performance of AST-SLM is slightly worse than SLM and PTS, but AST-SLM still
outperforms them by its greater PAPR reduction performance and lower computational
complexity.
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