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ABSTRACT

In next-generation wireless communication systems, high-rate data transmission is required with the
multimedia contents. Therefore, the wireless communication technology of high channel capacity is
required. The Multiple antenna wireless communication systems have recently significant attention due to
their higher capacity and better immunity to fading. Multi-user multiple-input multiple-output (MIMO)
uplink transmission system has a trade-off between multiplexing and diversity scheme. There are several
methods for obtaining the diversity gain in a special space multiplexing technique. Orthogonal space-time
block codes (OSTBC) can be obtained diversity gain by reducing the muti-user interference (MUI). In
space-time code, OSTBC scheme is the best method to simplify encoding and decoding and improves
the diversity gain. This scheme is used by reducing the MUI in a wireless communication system.
However, it is only applicable for downlink transmission. In uplink transmission system, one method that
tried to reduce MUI using the unitary property of OSTBC configured the same number of receive
antennas with the number of users at the base station, and each receive antenna could detect only single
user signal. Therefore, even when equipped with multiple number of receive antennas larger than the
number of users, receiver diversity gain can not be obtained. In this paper, we propose an interference
cancellation detector with a simple decoding structure for a multi-user MIMO uplink transmission system
that utilizes the equivalent channel of each user using the special property of the OSTBC. The proposed
OSTBC-based interference cancellation algorithm reduces interferences received from the other users, and
simultaneously diversity gain can be achieved. The simulation results validate the proposed algorithm in
terms of the bit error rate (BER) performance.
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1. Introduction

The MIMO scheme offers improved capacity
and reliability compared with

Several MIMO techniques

single-antenna
wireless systems [1].
have been studied for spatial multiplexing [2] or
for spatial diversity [3], [4]. However, these
approaches share two major drawbacks of
MIMO  uplink

problem is multiple user interference (MUI),

multi-user systems. The first
which depends on the number of users. In order
to solve this problem, the combined minimum
mean square error and successive interference
cancellation (MMSE-SIC)
studied [5]-[7]. The MMSE-SIC scheme shows

excellently improved performance in the presence

scheme has been

of weak interference. On the contrary, in the
presence of strong interference from the other
user in this scheme, the performance is degraded.
The second problem is that spatial multiplexing
[2] and spatial diversity [3], [4] cannot be
obtained simultaneously.

For diversity, some research has focused on
obtaining high diversity gain in the receiver
[8]-[10]. In [9], the suggested technology provided
a decoding method that focused on achieving full
diversity gain  through the virtues of a
quasi-orthogonal
(QOSTBC); however, it is only applicable for

space-time block code

downlink transmission. For uplink transmission, a
conventional decoding method [11], [12] uses
QOSTBC at user equipment (UE) with multiple
transmit antennas and at base station with
multiple receive antennas that is more than the

number of UE. In uplink transmission system,

one method that tried to reduce MUI using the
unitary property of orthogonal space-time block
codes (OSTBC) [13] configured the same number
of receive antennas with the number of users at
the base station, and each receive antenna could
detect only single user signal. Therefore, even
when equipped with multiple number of receive
antennas larger than the number of users, we
cannot expect to obtain the receiver diversity
gain.

In this paper, an OSTBC-based interference
cancellation algorithm is used for improving the
MUI cancellation performance of the OSTBC
scheme and compensating the disadvantage of the
system in [13]. From utilizing the special
structure of OSTBC [13], an iterative MUI
cancellation decoding algorithm is derived. The
proposed algorithm can significantly reduce the
undesired user signals and provide diversity gain
at the same time.

The rest of the paper is organized as follows.
Section II presents the features and properties of
the OSTBC scheme. In section III, we describe
the conventional iteration interference cancellation
decoding method and the proposed method with
MUI cancellation of OSTBC. In section IV, we
evaluate the simulation results based on the
description. Finally, our conclusions are given in

section V.

2. OSTBC Scheme

The OSTBC is one of the space-time coding
schemes. This scheme allows full diversity gain

with simple encoding and decoding structures [9],
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and is presented in [8] with N transmit antennas
and an OSTBC codeword with N symbols. The

channel gain h= [ho hN_l] is a row vector
of N symbols to be transmitted, thus the OSTBC

channel matrix H is expressed as

hA, +h'B;
H= :

-

hA,  +h'B} |, 1)

where A, and B, are the /VXV real constant
coefficient matrices of OSTBC.

For example, in the case of N = 2, A, and
B, with zero-th and first time slot using the

Alamouti scheme can be expressed as

0 1
A=l B;=0,, A =0,,, Bl:|:_1 0}' (2)

With (2), we can obtain the OSTBC matrix
hA, hy Ry
|WB,| |-k

satisfied as

] is  simplified and

H"H = h‘z i A
hl ho _hl ho
_[ by + 0 _[H[ 1
0 Kh+hk =2, (3)

where [ ¢ ]H is the Hermitian operation.
The MIMO system is assumed that a base

station has M receive antennas. Through N

transmit antennas, each user transmits the OSTBC
codeword. The OSTBC codeword matrix S(k) of

the k-th user can be expressed as [13]
S(k) Z[Aosk +stka"',AN—lsk +ij—lsk:|, (4)

where s, is the transmitted source data vector

Si— Sk Sk(v—1) T of the keth user with
the OSTBC code length of N.
The received signal matrix Y of uplink can be

expressed as

Y= [ilﬂ(k)s(k) +n, (5)

k=0

where H(k) is the N>X N channel matrix at the
base station, and n is the independent identically
distributed (i.i.d.) complex-valued additive white

Gaussian noise (AWGN) matrix with zero mean

and variance 0°.
It is assumed that the base station has perfect
knowledge of each uplink channel from all of the

users.
3. Iterative MUI Cancellation
3.1 Conventional interference cancellation

OSTBC-based
cancellation of the uplink was presented to solve
the MUI problem [13]. It is assumed that the

number of users of K equals the number of

conventional interference

receive antennas of M, K = M.
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The received signal of each receive antenna,

T, with the OSTBC code length of N can be

m?°

expressed as

K-l
:zcmksk +Ilm, WI:O, ,M_l (6)
k=0 ’
* *
hmkA(J + (hmk) B 0
where C . _ : and
hmkAN— 1+ (hmk> BN— 1
nm()
n, = : which A, is the row vector
Ty (Nv—1)

of the channel coefficient for the k-th user on the
m-th antenna. It is assumed that fading is not
dependent on the time. Structure of the equivalent
channel C

i 15 identical to structure of X in (1).

Fig. 1 shows the conventional OSTBC-based
OSTBC

operation, it is assumed that the M receiver

interference  cancellation [13].  For

antennas and K users.

In the first iteration, new 7,, is obtained by
7, multiplied by the standardized COHO subtracted
from 7, multiplied by the standardized 050 for
reduce interference 8,. New equivalent channel

response . can be obtained each iteration as

C.C. __C/C

¢ 1 2
EX"Cﬁ” , (7)

mk

Xl

where a variable i, indicating the number of

performed iterations is initialized to zero.

No
v

v
k++ End

a2l 1. 242l OSTBCE 0|88 ZHd A7 7|

Figure 1. Conventional interference cancellation with OSTBC

The OSTBC structure of this channel response

C .. is maintained, while the iterative method

reduces the interferences. Interference is reduced
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by the same operation from 2 to M — 1 iteration

as

H H
Cmi Cii

I.m = 1 I.m - 1 rz
2 2
EX"C 5X||Cﬁ|| C®

mi

In the last M iteration, received signal 7,, ;
is obtained by 7,_, multiplied by the
standardized C'gr(, 9)(k—2) Subtracted  from
a1 multiplied by  the  standardized
C'g”_ 1)(x—29) for reduce interference Sy o.

The received signal 7,, ; through M iterations

can be expressed as

H H
C(M*I)[K*I)C(Mfl)(Kfl) C(Kfz)(k'—z,C(Kfz)(Kfl)
Ty, = 1 > 1 2 k-1
EHC(M—U(K—Z) 5 C(K—z)(K—z)
H H
C(w—l)(l(—z) C(K—z)(l«—:)
1 Ty 1 P (9)
DN ~
2 - rnk-2) 2 I (&-2)(k-2)

The number of iteration are determined for this
algorithm, considering the number of user, K, and
the number of receiver antennas, M. This method
has to identically configure the number of receive
antennas and users, and each receive antenna
could only detect a single user signal. Therefore,
even when equipped with multiple receive
antennas, this method could not provide receiver

diversity gain.

3.2 Proposed interference cancellation

Start

Call 0

Yes
v

i++ m

o

9

=0
Yes
h2

Eq. (10)

Eq. (12) ‘

3
3

Eq. (12) Eq. (13)

l—l

k++

L

1% 2. OSTBCE 0| St MZ2 ZHd HAH 7|

Figure 2. New interference cancellation with OSTBC

The conventional MUI cancellation method
configures the same number of antennas as of
users. By using one receive antenna among M

antennas, one user’s symbol can be detected to
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reduce the undesired user signals one-by-one, in
sequence. Each receive antenna detects a different
user signal. Therefore, this scheme cannot provide
diversity gain even when the system is equipped
with multiple receive antennas.

In this section, we propose a new MUI
cancellation scheme to overcome the disadvantage
of the conventional MUI cancellation algorithm
with the same number of antennas and users.
This  method

subtracting the received signal of a next antenna

reduces the interference by
from that of a specific antenna that is not last
antenna and the received signal of a first antenna
from that of a last antenna.
<Fig. 2> shows the
OSTBC-based
OSTBC operation, it is assumed that the M

proposed  new
interference  cancellation.  For
receiver antennas and K users.

In the first iteration, i = 1, if m is not equal

to M - 1, new signal of m-th antenna 7'5}3 is

obtained by initial signal of (m + 1)-th antenna
(0)
Tim+1

subtracted from initial signal of

(Clnem)”
(0)

m-th antenna rn?

multiplied by  the standardized

multiplied by the standardized
H
(07(7?)1) for reduce interference ;. Otherwise,

new signal of last antenna 7'%1[)_1 is obtained by

(0)

initial signal of first antenna 7" multiplied by

H
the standardized (Cfﬁ)) subtracted from initial

signal of last antenna 7'581),1 multiplied by the

H
standardized (C’ E%,l)l) for reduce interference

8;. New equivalent channel response C , can

be obtained each iteration as

mi mk (m+1 (m+1)k

y (Cu—u)”cu—u (Cu—w))’)"cw)

N N T S I ]
EX Cm[ EXHC(WW ’ (10)
g ) e (@r)yar
mk - B B
e e ()

Interference is reduced by the same equation

from 2 to K iteration as

(i-\" I
T ) O
= (i-1) |I°
2|l ety , (12)
C(H) H C(H) H
0 = 1( m(l _rl 1( x (l Y ifm=M -1
x| e . (13)

In the last K iteration, received signal of m-th

antenna T'U(_ Y is OSTBC

. obtained. The
structure  of this channel response C . is
maintained, while the iterative method reduces the
interferences. Therefore, the received signal for

the above iterations can be obtained as

r‘E'] — ](C'Oi'il))H r‘:I’” _ ](Cg:il))H r\(,—u
el et
2 2
(Cufn)” (C(kn)”
rl(rJ = 1 r,“"’ - 2 . rz(””
e e
cih ’ " ci "
rm=fﬂﬂ,m%f“gmmw (14)
EXHC[M—W EXHCOI
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The details of derivation of the proposed
interference cancellation algorithm are given in
Appendix.

For the desired signal s,, through K - 1

iterations, results using (14) are as follows:

(K-1) _ (K-1) (K-1)
l.0 - COO s0 + nO

(K1) _ (K- (K-1)
l.I - CIO SO + nl

(K-1) _ ~(K-1) (K-1) . (15)
Ny, = C(M—I)OSO + n,,,

The receiver combining for M branches is as

follows:

= () ()
" (C(K—l) )” plK)

(M-1)0 M-1

(2 2 2 2
=(og +05 +a; +-+a;, s,

-0\ (k1) K-\ (k-1
+(C00 )no +(CH) nE D 4

, (16)
(i) ni
where &, is the amplitude of mKO_D The

interference has been reduced and the desired user

signal 8, can be obtained.

The number of iteration are determined for this
algorithm, considering the number of user, K.
This method can be applied for a system with
different numbers of receive antennas and users.
Therefore, diversity gain can be obtained due to

antenna combining.

4. Simulation Results

In this section, the bit error rate (BER)
performance of the proposed approach is compared
to that of the conventional approach described in
[13].

We consider a large number of users, with two
transmit antennas for each user, for use with the
Alamouti OSTBC scheme, and we assume that the
channel is Rayleigh flat fading. Also, we assume
that the channel state information (CSI) is perfectly

known to the receiver.

User = 3, Tx Ant =2, Rx Ant =3

BER

QPSK, MMSE-SIC
$ QPSK, Conventional OSTBC
QPSK, Proposed Scheme
z: 16QAM, MMSE-SIC
16QAM, Conventional OSTBC

—E— 16QAM, Proposed Scheme

10" 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20

SNR (dB)

T 3. AREAZE3EO|L, 2709 S etEfLtet 3o =4
OtE| LIS ALS3 S 2| BER & H|W
Figure 3. Comparison of BER performance with three users, two

transmit antennas, and three receive antennas

<Fig. 3> shows the BER
comparisons for MMSE-SIC, the
OSTBC, and the proposed methods when the

performance

conventional

number of users is three. The transmitter has two
OSTBC. In the

conventional OSTBC method, the number of receive

antennas for the Alamouti

antennas should be the same as the number of

users, because each receive antenna can recover
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only one user signal. From these plots, we observe

that the proposed method shows  superior

performance compared to the conventional method
because of diversity effects. For BER=10""°, the
proposed interference cancellation can achieve about
4dB and 11dB of performance gain compared with
OSTBC and MMSE-SIC,
respectively, with QPSK modulation. In addition, the

the  conventional

proposed method can significantly reduce the
undesired user signals and provide diversity gain at
the same time. Therefore, the performance gain of
the proposed method is improved because the

residual component is minimized.

—>¢— Rx Ant = 2, MMSE-SIC
—H— Rx Ant = 2, Conventional OSTBC | |

=+ Rx Ant = 2, Proposed Scheme E
+ Rx Ant = 3, Proposed Scheme

BER

T84, AFSAIIF2EO| 1, 270 o] Sl OHE{LEE Aot A
oLt =5 ct27| AL2R S [ QPSK I BER &5 H| 1
Figure 4. Comparison of BER performances of QPSK with two
users, two transmit antennas, and different numbers of receive

antennas

<Fig. 4> compares the BER performances of
QPSK with two users, two transmit antennas, and
for different numbers of receive antennas. In the
conventional scheme, the number of users and
receive antennas must be the same. However, in
proposed scheme, the number of users and receive

antennas can be different number and diversity gain

can be obtained. For BER= 10", the proposed
new OSTBC interference cancellation scheme with
two receive antennas, three receive antennas, and
four receive antennas can achieve about 4dB, 7dB,
and 9dB performance gain compared with the
conventional, respectively. It is improved that the
performance of proposed scheme with high diversity

gain as the increasing number of receive antennas.
5. Conclusions

In a multiple antenna system with multiple users,
it is essential to reduce MUI in order to improve
the system performance. However, the conventional
method using the unitary property of OSTBC
provides limited performance without diversity gain
even though it used iterative MUI cancellation.
Furthermore, this method required the same number
of receive antennas and users.

In this paper, we proposed a new interference

cancellation scheme to resolve these disadvantages

of the conventional interference cancellation
algorithm. The proposed algorithm using the
orthogonal characteristic of OSTBC iteratively

reduces the interference signals of other users even
when the numbers of users and antennas are
different. Therefore, the proposed OSTBC-based
interference cancellation algorithm can be used to
of MIMO

because the residual component is minimized and

improve the performance systems,
diversity gain is obtained.

The proposed new OSTBC-based interference
cancellation can be wused to improve the

performance of multi-user MIMO systems.
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Appendix Computation of Proposed

Interference Cancellation

For desired signal S, detection, the new

interference cancellation can be described as follow:

In the first iteration, i = 1, if m is not equal to

(1)

., is obtained

by initial signal of (m + 1)-th antenna rf,%l

- 1, new signal of m-th antenna 7T

H
multiplied by the standardized (C’g?,z +1)1)

subtracted from initial signal of m-th antenna r(>

(0)

ml) for reduce

multiplied by the standardized (C

interference §; as

H
r(‘), (Cg:))H r®_ (Ci?)) r©

el et
_ () (€5, +Cs, 4+ € s, )
XHC“ ‘)H 00 K 1 0
(0)
e
r,(” _ 1(CE?))H . n(o) _ I(C(z‘;))H . )
Lgeel " Tefes]
(c)

(C}ﬂ‘s +CPs, +-+C0) sy +n’ ’)

H
@
(0), (0) (0) (0)
_7(C20 s, +Cy's, +'“+CZ(K7I)SK71 +n, )
H H
C(“’ ) (ClU )
o _ ( (0) M-t (0)
r r - r
el e
M-2)1
H
()
- 2)! 0) (0) (0)
= o T (C: oSt -+C (M-2)(k-1)SK-1 +n(M72)) (]7)
7XHC M-2)1
H
(ci)
( (0)
1 2 (C(w oS+ + Cly )(k-)SK-1 “(\H))
7XHC(O)
P (M-1)1

Otherwise, new signal of last antenna 7‘;{,«),1 is

obtained by initial signal of first antenna r((]())

H
multiplied by the standardized <C (()(i)) subtracted
from initial signal of last antenna 7‘581),1 multiplied

by the standardized (C g%, m)H for reduce

interference S, as

H
L (CI‘E?‘)]) o (CB?))” o
LYV > Tar-
D T
H
C(O)
:%(Cw oS0+ FCll xSk +nf3),,)
Lo
) (M-1)1
c0)”
7%((::)%)80‘*"""(:(0) Sk- 1+n£)))~ (18)
el

If m is not equal to M - 1, new equivalent

channel response CE}L;ﬁ can be obtained as

el () e

ml (m+1 (m+1)k

mk 1 0 - 1 ) >
EX‘C(M) EX“C(M)I (19)

Otherwise

H 0 H 0

e e (e ey

1 alr 1 NE
EX‘CEX EX“C&) (20)

The OSTBC structure of this i-th iteration
channel response Cgfgk is maintained.

In the second iteration, i = 2, if m is not equal
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(2)

to M - 1, new signal of m-th antenna 7, is

obtained by previous signal of (m + 1)-th antenna

H
.| multiplied by the standardized (C{Y), ),

subtracted from previous signal of m-th antenna

(1)

r,,) multiplied by the standardized (0(1) )H for

m2

reduce interference S, as

el pxler
0
7((:”2) ( so +Csy ++C s I+n(n’)
<]
m\
(Cll ) H (Cﬂv)so +C(1;)53 +“'+C=(];<,1)SK—| +n51))
Ix]ct
e
= H "1“’ - 2 o r"
>< Cl, —x|C
2 22
0
B
X C]Z
0
_%(C%So +C(zls)sz +-“+C(zl()l(7])sl\'7| +n(2]))
—x
2 22
H H
(2 _ (C(I‘)’ ”) (1) (C“) 1)2 ) ol
2
P A B
cl) "
=(><(‘;:Z’)’Z(Czlw 2080 T +C“¢’1 2)(k-1)Sk-1 +“E7\L,z)) (21)
C(” H
_((;“::)Z(CEL; oS0 e +C(Iw )(k-1)Sk-1 +nE‘,\)44))'
Y (M-1)2
Otherwise, new signal of last antenna 7‘51,2[)_1 is

(1)

obtained by previous signal of first antenna 75

H
multiplied by the standardized <C'((JlQ)) subtracted

from previous signal of last antenna r(ﬂl,[)_l

H
multiplied by the standardized (C 88[, 1>2) for

reduce interference Sy as

"
l‘(z) _ (C“")f 1)2) r(l) (Ci‘l’])H (1)

i el
o\
‘ig%ifmuw+-w¢wu i)
Py HC M-1)2
cv
( HOZ l)l) (Cgo)so"'”""cgl()lm)sk—l +ni)l))‘ . (22)
7>< C

If m is not equal to M — 1, new equivalent

channel response C'E?LL can be obtained as

Lo(e) e (ch,) e,

L e |P Lol P
EX‘CmZ Ex“c(mﬂﬂ . (23)
Otherwise
(C(l ) C() (C(l) )H C(l)
(2) mk 02 0k
mk -
! 1 N 1 NG
5 X‘ o X “C(oz) (24)

Interference is reduced by the same equation

from 3 to K — 1 iteration. In the last K iteration,
(K—1)

received signal of m-th antenna 7, is obtained

by previous signal of (m + 1)-th antenna 7‘5,{3:12)

multiplied by the standardized (CE,{Z?)( K 1))H

subtracted from previous signal of m-th antenna

P E—2)

;. multiplied by  the standardized
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(C’n (,1) for reduce interference S, as

T(()K_ 1)_ (q)EK_ 23 )H (K— 2)

|| et
( E ;>H (K—2)
H Gl 1
_ ( EK—I))H K_2) n(()K_”)
Sl
7M K—2) n(K—2)
L= n2( £
i = M P2

I

5 I G
— H
(G D) s
B 1 (K—2) 27'2
9 H 02(1(71) H
_ (Cl(zlgif)) )’
AL =1k
B (Uz(zlgif)) )"
Sk =1k

G Psgtni" ) (29)

Gy i)

P = VS

5 H CéM 2;(1(—1) H
K-2) "
(CEM 1)(K—1)> (K_2)
= ” CM DE=1) I
(0%‘}_2;)(1' o) - .
- (ot S, )
H C(M 2) (A H

( g ))( )) :Y K
C M—1)(K—
HZ( E[ )DO (11 1))>

B H CA[ 1)(K—1)

Otherwise, received signal of last antenna
T(S 1 is obtained by previous signal of

(K—2)

first antenna r multiplied by the

standardized (Cé{‘};ﬂ))H subtracted from

previous signal of last antenna multiplied
by the standardized for reduce interference

Sx_, as

( (ﬁ‘le))(r o)
- . .
S{]‘— 11) = H ) '3{1‘— 12) (26)

H G D

_ ( O(K—Z;)> 7_81(72)

ALz =1k
) 0(K—1)
( (D)
M— {—
= 2 2( (Iff 1030+'"'(§(1 21))>
Y H du 1)(K— ”
( )"

Ty @
B 1)

If m is not equal to total number of

antennas M new  equivalent channel
response C5A~V can be obtained as
C(K—2) )Hcv(K—2)
(K—I)ZM
ka 1 (K—2) |2 (27)
5 I Gute=D |
— H —
_ (C&{J%(K—l)) Cgﬁﬁ))k

— 2
I CE k- |

| =

Otherwise
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(=2 \A ~(K~-2)
qyg}l;sfl) _ ( in( *U) ‘mk (28)
Fladn
2 ‘m (K—1)
(K—2)\H ~(K—2)
_ (Q)(R’—l)) G
1 — 2
S gzl
References
[11 E. Telatar, Capacity of multi-antenna
Gaussian channels, European Transactions on
Telecommunications, Vol. 10, No. 6, pp.

[4]

(6]

585-595, November/December 1999.

P. Wolniansky, G. Foschini, G. Golden, and
R. Valenzuela, V-blast: an architecture for
realizing very high data rates over the

rich-scattering wireless channel, in
1998
Signals, Systems and FElectronics, Pisa, Italy,
pp- 295-300, September 1998.

S. M. Alamouti, 4 simple transmit diversity

Proceeding International Symposium

technique for wireless communications, 1EEE
Journal Select Areas Communications, Vol.
16, No. 8, pp. 1451-1458, October 1998.

G. J. Foschini and M. J. Gans, On limits of
fading
environment when using multiple antennas,

wireless ~ communications in a
Wireless Personal Communications, Vol. 6,
No. 3, pp. 311-335, March 1998.

X. N. Tran, A. T. Le and T. Fujino,
Performance comparison of MMSE-SIC and
MMSE-ML detectors in a
STBC-OFDM  System, 16th
IEEE International. Symposium on Personal
Indoor and Mobile
(PIMRC’05),
1050-1054, September 2005.

S. Wu, L. Kuang, Z. Ni, J. Lu, D. D.

Huang, and Q. Guo, Low-complexity iterative

multiuser

in Proceeding

Radio Communications

Berlin, Germany, pp.

- 66 -

[7]

(8]

(1]

[12]

detection for large-scale multiuser
MIMO-OFDM  systems using approximate
message passing, IEEE Journal Selected

Topics in Signal Processing, Vol. 8, No. 5,
pp. 902-915, October 2014.

T. -H. Liu, the fast
MMSE-SIC detection in spatially multiplexed
MIMO systems, 1EEE Transaction Wireless
Vol. 8 No. 11, pp.
5443-5448, November 2009.

Some results  for

Communication,

C. Yuen, Y. L. Guan, and T. T. Tjhung,
STBC

complexity,

with
IEEE
Wireless Communication, Vol. 4, No.5, pp.
2089-2094, September 2005.
Y. Han, S.H. Ting, and Y. L. Guan, 4 high
rate open-loop MIMO multi-user downlink

Quasi-orthogonal minimum

decoding Transaction

transmission  system, 1in Proceeding IEEE
Information, Communications &  Signal
Processing, Singapore, pp. 1-5, December
2007.

V. Tarokh, H. Jafarkhani, and A. R.

Calderbank, Space-time block codes from
IEEE
Vol.

Transaction
45, No. 5, pp.

orthogonal  designs,
Information Theory,

1456-1467, July 1999.

J. Kazemitabar and H. Jafarkhani, Multiuser
interference cancellation and detection for
users with more than two transmit antennas,
IEEE Transaction Communication, Vol. 56,
No. 4, pp. 574-583, April 2008.

C. W. Tan, and R. Calderbank, Multiuser
IEEE
Transaction Communication, Vol. 57, No. 7,

pp. 2080-2089, July 2009.
Y. Hei,

detection  of  Alamouti  signals,

K. Yi, and X. Li, [teration

interference  cancellation  decoding  for

multi-user MIMO uplink transmission system,



Journal of Knowledge Information Technology and Systems(JKITS), Vol. 10, No. 1, pp. 55~68, February 2015

in Proceeding IEEE  Signal

Processing

(ICSP), 2008 9™ International Conference on,
Beijing, China, pp. 2037-2040, October 2008.

Fe g AEARRE R e TS AA,
T TholmAE o5& A& & Ak AEH M
A7H= BER A% WA Ads dueds 459
o},

A3 A4 A2l WHEH OSTEC

714kl & AR MIMO ZHAAA 3

22, dg9? apagt
Lstorr et w27 B E L &8
‘YA EYUF G B EF T
8 ¢

A FA BN AzEE PHENUe) Zezg
Z3atE 149 HojE Filo] %o Ho| mi ué
o] dlolE] Aol QTFHOA, A &0 e FA
B2 71%0] Bed Bk AAY B4 B4 A 2H
AAdE F 74 2 BAE /AL Yo e &
HEZo] REsth= Zolx, T2 s Hoy3}
240l o5 53 Eho] ASHGE Aol oj2ia
BAE 0% £54 QU A2ES Lo FH

crl

oH7—'H7

2 oy 1Y gE AL MIMO AskE =
033713 tholHAE 7|Wzte] Eo]
olth, E43 27t 23 7w o g thow
< 97 A 9 ) pEEel sled, 2
0% AR e AATOEH
S deth o HFd AF RE I
3 OSTEC 74e $389 4331 0usta
HAE o5& FANATE M
2N BN A2 AAA TF A
PPog Wol ojgdnh 1y
AN A OSTBCE AF&3tal MUIS
ANAZ oA ALERRY] 9 g2

=2}
H
FUSORIL, 24 54 e 2 o}uu A7
A
3
=

nﬁm

z

] o
<

1:047].

AE o5
% OSTBC 7
Tho]H A B} ©

oz n2
o L ym
ot

E
o

].

=
s
&A

n%% F At mEtA ARgARe] R O
GHUE AHgetE A, £41 tholw

T 1&%011/‘1 +de

>'

\_

k. 2

o
e

2o

FA8E o AHg2 MIMO mztaga A% A
Bed B35 728 2E 4 AA 28]

Akt Ak" OSTBC 718F 744 AA &1

=

=

- 67 -

Jin Kwan Kim received the

B.S. degree in electrical and

computer engineering from
Chungbuk National
University, Korea, in 2005,
the M.S. degree in

electromcs engineering from Chungbuk National
University, Korea,
Ph.D.

engineering at Hanyang University, Korea. His

in 2007. He is currently a

candidate in electronics and computer
research interests are in the areas of wireless
MIMO, OFDM
visual light communication.

E-mail address: tull00@hanyang.ac.kr

communications theory, and

Kwangmin Hyun received

the B.S., M.S., and Ph.D.

degrees in electronics and

computer engineering from

Hanyang University, Seoul,

Korea, in 1989, 1995, and

In 1989, he joined the Radio
Communications System Laboratory, Daewoo

Telecom Inc., Korea. From 1995 to 1996, he
worked at the Institute of Advanced Engineering

(IAE) and from 1997 to 2001 at KMW, Inc.,

Korea. In 2005, he joined the Dept. of
Information and Telecommunication Engineering,
Gangneung-Wonju  National  University.  His
research  interests are in the areas of

communications theory, communication systems,

and signal processing for digital wireless

systems.
E-mail address: kamihyun@gwnu.ac.kr



Journal of Knowledge Information Technology and Systems(JKITS), Vol. 10, No. 1, pp. 55~68, February 2015

Sang Kyu Park received the

b B.S. degree from Seoul
- =T National University, Korea, in
—

1974, the M.S. degree from

. Duke University, U.S.A. in
ﬁ. 1980, and the Ph.D. degree

from the University of Michigan, U.S.A. in1987,
all in Electrical Engineering. From July 1976 to
October 1978, he was a research Engineer at
Agency for Defense Development, Korea. From
August 1990 to August 1991, he was a visiting
Scholar at the University of Southern California,
U.S.A. Since March 1987, he has been with the
Department of  Electronics and Computer
engineering at Hanyang University, Korea, where
he is currently a Professor. His research
interests are in the areas of communications
theory, wireless communications, mobile
communications, spread spectrum

communications, and secure communications.
E-mail address: skpark@hanyang.ac.kr

- 68 -



