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Abstract

Because of increasing complexity in maximum-likelihood (ML) decoding of four of higher antenna scenario, Partial
InterferenceCancellation (PIC) group decoding could be the perfect solution to reduce the decoding complexity occurs in
ML decoding. In this paper, we separate the symbols the users in the layered basis and find the equivalent channel
matrix. Based on the equivalent channel matrix we provide the grouping scheme. In our paper, we construct a block wise
transmission technique which will achieve the desired code rate and reduce the complexity and provide less transmission
time. Finally we show the different grouping performance.
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I. Introduction

Increasing demand of mobile usages, the users
want to transmit data faster. Since wireless

communication technologies have been seen a

= - R - B O
(Chonbuk  National
Electronic Engineering)

¥  This work was supported by World Class
University (WCU) R32-2010-000-20014-0,
BSRP2010-0020942, and MEST 2012-00254 NRF,
Republic of Korea, Korea-China International
Cooperative Research Project (Grant No. DO00066,
100026), and the second stage of Brain Korea 21
Project in 2012 (NRF).

HadA 2012944959, 45U 2012974917

SERE LS X

University, Division  of

remarkable fast evolution in the pasttwo and half
decades. The data rates, battery life and network
connectivity has increase highly. In the age of
YouTube and iPhones, the reliability of networking
and data speed, and battery power will increase ever
more rapidly in the coming years. As a platform for
high—-speed wireless connectivity and networking, we
need a reliable high data transmission rate. Thus, the
transmit diversity requires more than one antenna at
the transmitter side. Our proposed scheme is based
on 8 transmit antennas. There are so may work has
be done on transmit diversity.

(STBC)-oriented
diversity scheme has been widely adopted in future

A space-time block coding
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wireless communication standards, such as 3GPP
LTE, WiMax, etc. The STBC scheme, originally
proposed by Alamouti in [1], achieves transmit
diversity without channel knowledge. Even though
Alamouti’'s STBC was originally designed for two
transmit antennas and one receive antenna, this
scheme has been generalized by Tarokh in [2] and
extended to a system for four transmit antennas.
There is also a lot of research to make STBC
system work in the multi—user environment”> ™, The
Multiple-input-multiple-output(MIMO)
multiple antennas can be used for increasing the
diversity order. The first orthogonal STBC (OSTBC)
which has symbol-wise decoding is Alamouti code
[1]. OSTBC suffers from the reduced

symbol rate with an increased number of transmit

system,

However,

antennas. In order to achieve a high data rate,
layered OSTBC(LOSTBC) the

literature by partitioning the transmit antennas into

i1s proposed in
different groups and coding information symbols in
each group with an independent OSTBC. Considering
the high complexity of the maximum-likelihood (ML)
decoding, group interference suppression methods are
proposed in [3] to perform the detection of the
information symbols encoded with a layered
space-time code. In [5] develops a different group
decoding method for an layered STBC (LSTBC),
where it treats the symbols coming from one STBC
and decodes them with ML

decoding after cancelling the interferences from the

block as a group,

other groups. A similar interference cancellation
method called partial interference cancellation (PIC)
group decoding is proposed in [6] for the design of
full-diversity space-time codes with low decoding
complexity.

In this letter, we investigate the performances of
the

non-orthogonal grouping schemes, where the PIC is

PIC group decoding with orthogonal and

performed by using theZF operator. Taking the
Alamouti structure, we prove the PIC group decoding

in an interleaved Quasi orthogonal STBC with four

layered dividing the four blocks. We construct a
block wise transmission technique which will achieve
the desired code rate and reduce the complexity and
provide less transmission time.

This work is organized as follows. In Section II,
the system model is described. In Section III, the PIC
decoding is described. A criterion for the optimal
adaptive grouping scheme is also proposed. In Section
IV, simulation results are shown and the conclusion

is given in the following section.

II. System Model

We consider a wireless system with Multiple Input
and Multiple Output (MIMO) model.

assume, four users are transmitted data to a single

Where we

receiver simultaneously. We consider the users have
multiple antennas and the receiver has single antenna,
the channels are flat fading channels. Here we
consider the Alamouti STBC to construct for high
order code coordinate interleaved code.

As it describe well known Alamouti STBC in [1]

1s written as

(1

The Alamouti matrix in (1) is based on two
transmit antenna. For four transmit antenna we use

the co-ordinate interleaved criterion proposed in [7]

we have
§5 5 0 0
M 0 -s. s, 0 0
MA = ’ = ’ 1 ~ ~ (2)
0 M 0 0 5 3,
0 0 -5, §

. Similar way we can define,

5 5 0 0
-5 5 0 0
M — 6 5
s 0 0 § 3 3)
0 0 -5 3§
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Fig. 1. Block-wise Symbol Transmission Diagram.
where 555, 85are the information symbols

(5; €A i=123,8 and Ais a signal constellation)
which
structure propose in [7~8]. From (2) and (3), we can

is based on the interleaved orthogonal

say those are the block-diagonal matrices. Consider

the ABBA Space-time Block Code over the
complex-valued square matrices, MM, € C**
M, M
SM, M2l 4 7
IR RE @
Then we can write Sss matrix as follows,
(5, 5, 0 0 5§ 5 0 O]
-5, s 0 -5 & 0 0
0 0 5 5 0 0 5 3§
S I
S5 § 0 0 §5 5, 0 0
-5 5, 0 0 -s, s 0 O
0 0 5 5 0 0 5 3
|0 0 -5 § 0 0 -5 3|
The information symbols $»i=1L2,--.8 at four

transmitters are encode block-wise separately as

follows,

Now the S becomes,

25t OFf SHLZ 2

Group Detection :[>‘ PIC Decoding [ §,
S, 0§, 0
0 S, 0 S
S= 3 4
S, 0 S 0 (©)
0 S, 0 S,
Now the receive signal can be written as
Y:\/%SH+N (7)
Y, S, 0 S, O0H] [N,
Y, :\E 0 S, 0 S,|H, .\ N, ®
Y, 8|S, 0 S, 0| H,||N,
Y, 0 S, 0 S,||H,| |N,
T T T
Where,le[yl ”,] , Y, =y, 2] , Y, =[ys ¥l ,

T
and Y:=[»7 %] are the receive signals in four-time
slots, Pis the average signal-to—noise-ration (SNR)
at the receiver, HeC" channel matrix assumed

complex-valued Gaussian distributed with zero mean
T
and unit variance. Where, H=[H, H, H; H,]

where, we define Hi=[h ]~ H,=[k h]

H, =k hs]T, and Hi=[h, hx]T, ()" denotes  the

transpose operation. NeC*' is the complex-valued
additive white Gaussian noise with zero-mean and
unit variance. Now the receive signals at the 4-time
slots are given by

Y, =\/§(SIH1 +S,H,)+N, )
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Y, —\/g(SZHI +S,H,)+N, (10)
Y; = \/%(SZHI +SH;)+N; (11)
Y, = \/§(84H2 +S,H,)+N, (12)

Now from (9), we have,
b e S
A 815, § ||h 8|5 S5 || A n,
Yi|_|P By by S P hs D || 8 n
HIR G H A et M

Similarly from (10), (11), and (12) we have the

followingrespectively,
- ST AT e
R Gy MR et M
and,
el R e i

Now from (7), (13), (14), (15), and (16), we have,

» h hy, 0 0 hy h 0 0|5 n
¥, Ko<k 0 0k -K 0 0|35 |n
¥, 0 0 B B 0 0 h k5] |n
Vi 0 0 hm -h 0 O —h || S n,
y: - % B h, 0 0 nooh }(1)8 0 52 n, 17)
Ve he ~h; 0 0 B B 0 0|3 n,
y, 0 0 h h 0 0 h b |5 |n
L) [0 0 & b 0 0k k5] )

The model in (17) is easy to be rewritten as an

equivalent form as in [6],

y:\/gGs+n (18)

8x1 . . .
where, Y€C is the receive signal vectors,

~ o~ ~ 1T
= X1 2 : 8x8
s=[5,5, " 5] , neC* is the noise vector, GeC

is the equivalent channel matrix, where,

G =[c,0,,05,04,¢5,C4.0,,C5 ] ,

where

5

¢ =[h.1,0,0..1,0,0]',
¢, = [y~ 0,0, b, ~h,0,0]
¢, =[0,0,h,5;,0,0,h,,5 |,

¢, =[0,0,h,,~h,0,0,h,~k, |,

*

¢ =[ .1, 0,01, 1,0,0],
¢ =[ o —h1,0,0, k1 ,0,0]

¢, =[0,0.,. 10,0, 1 |,
and

¢, =[0,0.1,~1,0,0,h,,~h] | .

We can easily check that the column vectors of
the equivalent channel matrix meet the following

conditions,

H H H H
€ G =06 € =C5 Cs =Cg Cg (19)

H., _ H. _ H., _ H
Ge=clc, =0 ¢, =¢ G
where, we can see,

*

H
e =([h],h;,O,O,hs,hﬁ,O,OJT) [y, 1;.0,0,h.1;,0,0]
W+ R+ Hh + B, (20)
S B 1P+ P+ 1P+ A I

and

H
e, :([0,0,h4,—h;,o,o,h8,—h;‘]T) [0.0,h,,~k,0,0,h,~h |
= Wb, + By + B+ By
= Ay P 1 g P+ 2y I+ 1] A P

(21)
II. PIC Group Decoding Scheme
A. PIC group decoding

The ML Decoding of eight symbols with four
blocks making the decoding more complex. PIC group



52

decoding reduces the decoding complexity. As a
result, the performance also degrades. In this section
of the Partial

Interference Cancellation (PIC) group decoding. From

we present some preliminaries

the equivalent channel matrix represent in (18) we

can represent the vectors as a general form as

GI/ = |:C1A| CIA.Z CIA.HA :| (22)
Now we can write from (18) as,
prl
y= §ZG,AS,A +n. (23)
The projection matrix we define as Q, can be
represent as
-1
Qlk :C/ ((C/’ )H CJ) (CJ )H (24)

where, the column vectors in the equivalent channel

matrix G into four groups as we called G>C..Gss and

C

4. Denotethe projection matrices for the

corresponding groups; we have the projection matrix

(25)

In this section, considering that grouping of the
symbols is needed before the PIC decoding, we first
show that different grouping schemes may have

different performances.

B. PIC groupign based on orthogonal column
vectors
Based on the equivalent channel matrix in (17), by
taking the column vectors which are orthogonal to
each other, we have the possible orthogonal grouping

schemes are,

Scheme 1:

C =[cl,c3], C, =[cz,c4], C, =[c5,c7], C, =[c6,cg],

Scheme 2:

E 39 & A NSZHZE A ZotatE OHf sty = g
C =[cl,c4], C, =[cz,c3], C, =[c5,cs], C, =[cﬁ,c7],
Scheme 3:
Cl :[cl’c7]7 CZ :[02768]7 C3 =[C3,05], C4 :[04768]7
Scheme 4:
G =[cl,cg], C, =[cz,c7], C, =[c4,c5], C, =[c3,cé],
Now normalizing the signal power from the (24)
we have,

1 -1
[g(n I \P 4y P+ 1A 1P+ g |2)j x

H

([hl,h;,O,O,hs,h;,O,O]T)

=HL|:hlﬂh;70909h55h;,0,0:|T X
¢ ¢ ) (26)
([52,0,05,52,0,0] )

Therefore, the orthogonal projection can be found by
combining (25) and (26) as follows

(W[ b 0 0 mE hhg 0 O|h7
BB b 0 0 mE Bh 0 0| K
O 0 00 0 0 00/0
pe_ L[ 0 0 00 0 0 0o0fo0
Yol oy 0 0 W[ mh, 0 05
wh W, 0 0 KK |h[ 0 0 }g
O 0 00 0 0 00
Lo o o0 o o o of°
(bl i ) ]
a5 (| + s+l + 1)
0
11 0
22 el (|nf + |+l + )
B (| [+ s + [
0
L 0 .
1 . .
N (el B cl'e).0,0, (e e), iy (ef'),0,0 ]
1
=mxcl (27)
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Similarly we have,

0, =%[o,o,h3,h;,o,o,h7,hgfx
1 -1
(g(” P+ kg P+ 1 Ay I+ 1| ||2)j x

([0,0,h3,h:,0,0,h7,h;]r)ﬂ

=L [0,0,5,5,0,0,, 5 ] x
G G

([O,O,hphZ,O,O,hwh;T)H

0
0

Iy (I P+ Pty Pt AP
11 | B+ P+ P+ R P)
" \/§ch3 0
0
by (| P+ P+ P P)
(I P+ Pty P+l P

Since the column we take here are orthogonal to each
other, we can verify that the PG, = 0, for the
grouping scheme G =1{3}, G ={24}, C,={7T

C, ={6.8} the optimal decision can be written as,

§, =argmin|| P, y~/SNRE, G, 5, |

S €4

(28)

Which,

. . }SNR -
(h'l Vi+hy, +hiys+ h6y6) - TCIHCISI

Similarly we could find the other symbols as well.

§, = argmin
S €A

C. PIC grouping based on non—orthogonal
column vectors
For the non-orthogonal PIC grouping, we choose
the columns which are not orthogonal to each other.
We choose the grouping scheme as € =[e.c.].
€y =[es,e],Cy = [ese6], Cu=[es.e]. There could have

the others combination of non—orthogonal grouping of

the by doing those we can calculate the followings as

follows,

1
})11 = 18 _H_(C3C;{ +C4C:1 )’ (29)
¢ ¢,
1 H H
P, = I ———(cse +ceef)), (30)
c(7 c(7
1 " H
P, =I,———(c,ef +¢el), (31
8 -8
1 " H
B, =L ———(aq +6,6), (32)

272

Therefore the power gain for the eight symbol can
be calculate after PIC group decoding applying in
receiver are
2 H 1
VVI. :HI)Ilgi H =8 &

cc

(gi”ciicfgi + gi”C4C£1gi)’ (33)

4

1

I
Cs Cs

Wj :” P[2g1 HZZ g;[g,‘ - (gjl'lcscsngj +g;[cﬁcé[gl.), (34)

1
W, = P g = g/flgk —T(gch;{gk +g:lcscngk), (35)

8 -8

and,

1

W, =[P g F=g/g ———(g/ c;ci' g + g/ el ), (36)
8 ~8

After the PIC, the two pairs of vectors in the

equivalent channel matrix are still orthogonal.
IV. Simulation Analysis

In this section, we present some simulation results
to show the performances of the PIC group decoding
with  orthogonal and

schemes. Figure 2 shows the SER performance of 8

non-orthogonal  grouping

antenna layered PIC group decoding scheme.

Where we can see the ML is still achieve better
SER then that of PIC decoding. In our system we
reduce the transmission time. The channel model

follows what is described above and it is quasi-static
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SER Analysis of 8-Tx PIC based on Qusi-Orthogonal STBC

=[——PIC Non-Orthogonal
— | — 8 Tx Layerd Orthogonal PIC []
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Symbol Error Rate
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Fig. 2. SER analysis of Non-orthogonal vs Orthogonal
PIC grouping scheme.
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Fig. 3. PIC, ZF and ML decoding comparison.

Rayleigh fading. QAM modulation is employed in the
simulation. From the figure, one can see that the
(SER) with the
adaptive grouping scheme. SER performance with

symbol-error-rate performance

orthogonal grouping is improved than that of the
Non-orthogonal scheme. Figure 3 shows the SER
comparison of ML, PIC, and ZF decoding.

V. Conclusion

In this letter, we applied the PIC group decoding

25t OFf SHLZ 2

into the detection of four—user Ilayered Quasi-
Our QOSTBC
scheme achieves full diversity when they are decoded
with the PIC. Taking the Alamouti structure, we
prove the PIC group decoding in an interleaved Quasi
orthogonal STBC with four layered dividing the four
blocks.
technique which will achieve the desired code rate
the

transmission time.

orthogonal Spacetime-Block code.

We construct a block wise transmission

and reduce complexity and provide less
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