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Low-Complexity Maximum-Likelihood Decoder for
VBLAST-STBC Scheme Using Non-square OSTBC
Code Rate 3/4

Van-Su Pham, Minh-Tuan Le, Linh Mai, and Giwan Yoon, Member, KIMICS

Abstract—This work presents a low complexity
maximum-likelihood decoder for signal detection in
VBLAST-STBC system, which employs non-square O-
STBC code rate 3/4. Stacking received sym.Obols from
different symbol duration and applying QR decomposition
result in the special format of upper triangular matrix R so
that the proposed decoder is able to provide not only ML-

like BER performance but also very low computational load.

The low computational load and ML-like BER performance

properties of the proposed decoder are verified by computer
simulations.

Index Terms—Space-time coding, Multiple-Input
Multiple-Output (MIMO) system, VBLAST, Wireless
Communication System., maximum likelihood detection.

L. INTRODUCTION

The Vertical Bell Laboratories Layered Space Time
(VBLAST) code [4] has been known as a high spectral
efficiency space time code. However, similar to
Orthogonal Space Time Block codes (STBCs), the
optimal decoder for VBLAST as well as other high-rate
Space Time Codes (STCs) is obviously Maximum-
Likelihood (ML) decoder. Unfortunately, unlike the
STBCs whose ML decoding scheme is very simple based
on only linear processing of the received signal for
separate single symbol, the complexity of ML decoder
for VBLAST and other high-rate STCs grows
exponentially with the increasing of number of transmit
antennas, making it impractical when large number of
transmit antennas and/or high-order modulation scheme
are employed.

In literature, bunches of sub-optimal decoders have been
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proposed for VBLAST system [1], [2], [6]. However, in
VBLAST systems, using either Zero Forcing (ZF),
Minimum Mean Square Error (MMSE) or QR
decomposition (QRD) interference suppression, the
diversity order of the first decoded layer, so-called the

lowest layer, is G =ng=n+1  Thys if VBLAST
systems employ equal transmit and receive antennas, this
diversity order is reduced to 1, leading to a very poor
system performance. Although, MMSE-VBLAST and
MMSE-SQRD [6] show remarkable system performance
improvement in comparison with other sub-optimal
decoders, the slope of the bit-error-rate (BER) curves
indicate that they are abie to improve diversity of the system
only in low signal-to-noise power ratio (SNR) regime. To
increase the diversity order of the first decoded symbol, and
thus of the system, a combination of brute-force ML and
QRD decoding algorithm was proposed [8]. Because of
using brute-force ML, however, the system could hardly
achieve high diversity order under the constraint of
reasonable complexity. One alternative is the use of
combination of VBLAST and STBC [3], that the diversity
order is considerably increased compared to that of
VBLAST systems, yet at the cost of spectral lost. In this
work, by employing the operation principle of our previous
work in [7], we proposed a new decoder for MIMO system
employing VBLAST-STBC scheme. It is shown that the
proposed decoder can significantly reduce the
computational load while still obtain the ML-like BER
performance.

The remaining parts of the paper are organized as follows.
In section II, we describe the system model used in our
consideration. The detail of the proposed decoder is
presented in section Ill. The computer simulation results
and discussion are given in section IV. Finally, the
conclusion is given in section V.

IL. SYSTEM MODEL

Let us consider the VBLAST-STBC MIMO system as
depicted in Fig. 1.
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Fig. 1 VBLAST-STBC MIMO system model.
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In our system, the number of receive antennas satisfies

the condition "* 2 ¥ and can be less than the number

of transmit antennas. The transmitted signals is then
written by stacking all STBC signal matrices resulted
from STBC encoders of all layers as:

G, (s)
6s)=| & :(s) Q)

Gy (s)
At the receiver, we have the received signal given as:
y=HG(s)+n @)

where, Dis the n, x T noise matrix of additive Gaussian

noise with variance 0.5 per real dimension, 7T is the number
of symbol duration to transmit one STBC. H denotes the
n, x n, complex channel matrix containing independent

identical distribution complex fading gains h from the jth

transmit antenna to the ith receive antenna. We assume that
the channel is Rayleigh flat fading, i.e. the magnitude of the
elements of H have a Rayleigh distribution and the channel
is constant over one data frame and independently changed
from one to another.

With the assumption that the channel matrix is perfectly

known at the receiver, the transmitted signals can be ML
decoded as follows:

§ =argmin

seS

ly-HG(s)| ®)

where S is set of signal constellation corresponding to
the given modulation scheme.

From the equation (2), let us defined the transmitted
signal vector as:

S§s= : (4)

SwL
With the definition of § , the receive signal can be
rewritten as:

7 = Hs+i (5)

where Hand 1l are the equivalent channel matrix,
noise vector respectively. With the equivalent channel
matrix, we can directly apply the QRD-based detection
[5]-[6] or ZF-VBLAST decoder [4]. However, it is worth
emphasizing that those approaches are sub-optimal ones,
that obtain low computational load at the expense of

remarkable degradation in bit-error-rate  (BER)

performance compared to the optimal ML decoder.
We start with the QR decomposition of the equivalent

channel matrix H as f=QR, where the n,T Xn,
matrix Q has orthogonal columns with unit norm and
the n, X n; matrix R is an upper triangular matrix.
By pre-multiplying the equation (5) with QH , where

H
()" denotes the Hermitian transform, we obtain the
following equation:

Z=Q"z=Rs+7 (6)

In (6), since Q is a unitary matrix, the noise term
n =QHﬁ has the same statistical properties as 1 .

Consequently, the ML solution of vecter 8§ in (4), S,
can be obtained by utilizing either the decision rule in (3)
or the following rule:

|z Rs|] )

§ = arg min

seS§

Due to the upper triangular structure of matrix R, we
can express the k” elementof Z as follows:

nr
Zy =S T Z FeiSi Y1 (8
i=k+1

. . th th
where 7, ; is the element in the i"row and " column

ofmatrix R.

III. PROPOSED DECODER

For brevity, we exemplify the working of the proposed
decoder with the (6,2) system using STBC code rate 3/4 for
three transmit antennas given in equation (3.49) of [2]. Thus
the equation (6) can be rewritten as follows:

Z=Rs+7 )

In (9), the upper triangular matrix R has the following
format:

v 00 K, Ks R
0 rn, 0 nrn, ns h
R = 0 0 n,; n, ns ng (10)
0 0 ha Tas Tag
0 0 0 0 rs r,
0 0 0 0 0 r

Let us define the Euclidean distance of the kth element
as:
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ne 2
d, =|z, - Z Vi iS; (11)
i=k
From (7) and (11) we have:
§ = argmin ] d, (12)

seS P

From (12), the proposed decoder can be stated as
follows. In this statement, § is the vector containing all
the signal points of the transmission constellation, whose

size is S . DECSORTY() is a function that uses § , the
equation (11) to compute d, and to sort the values of

d, as well as the corresponding signal points in $ in

an ascending order of d « - The output of DECSORT()

are vectors d . and X,, which contain the sorted

valuesof d, and S respectively.

1. (Initialization) Set k=n,, D. =0, D=0,
D =0, D, ,=0.

nr
2. Set I, =1, m=k+1, compute & =% —> r,_x().
J=m

3.Find [d,, x,:=DECSORT(E,,s).

4.1f k=n, then D, =d, () else D, =d,(l,)+D,.

5. Set x,(l,) as a solution for s,, if k>4 then
k==k-1 and goto

Step 2; else compute

s
&=%->rx () ad find [ d, ,
J=4

X, 1=DECSORT( &, , s ) ( k=123 ) and
D, =d)+d,1)+d,(1)+D,(l,).

6. (Searching) Set D, =D, k=4, [ = +] and
goto Step 8.

7. If k>3 find [d,,x, ]:=DECSORT(&,,s), [, =1;
else find [d,, x, =DECSORT(¢, ,s ),/ =1
fork=3,2,1.

8. If k>3 then D,=d,(l)+D,,, else

D =d,()+d,()+d,()+D,
9.If D>D,; or I, >Sthen: if k=n, then terminate
k=k+1 ,

and report the result; else set

[, =1 +1 and goto Step 8.
10. 1f £>3 then let m‘:=k, k::k_l, compute

ir
& =3, —Z}‘k,jxj(lj) and goto Step 7; else set

J=m
D, . =D, , update xj(lj) (j=L..,n,), let
k=k+1, I =1 +1 and goto Step 8.

IV. COMPUTER SIMULATION RESULTS

To verify performance and complexity of the proposed
decoder, we apply it to a VBLAST-STBC scheme in a
(6,2) system. In addition, the modulation scheme is
QPSK. The frame length is set to equal to 100 STBC
symbol periods, i.e. 400 symbol periods. -

Figure 2 shows the BER performances versus average
bit-energy-to-noise ratio (EbNQ) per receive antenna of
the proposed decoder, the ZF-QRD decoder and the
optimal brute-force ML decoder. It can be seen from the
Figure 2 that the proposed decoding scheme obtains
almost the same BER performance as the optimal ML
decoder does, whereas it significantly outperforms the
ZF-QRD decoder in term of BER performance.

] ——ZF-QRD
—— Proposed Decoder

T

EbMND [dB]

Fig. 2 BER performances of proposed decoder, ML decoder
and ZF-QRD decoder for (6,2) VBLAST-STBC
MIMO system using non-quare OSTBC code rate 3/4;
QPSK modulation.

The average computational loads per symbol period of
our proposed decoder, ZF-QRD decoder and optimal
brute-force ML decoder in term of complexity addition
and multiplication operations are given in the Table I. In
this comparison, we only concern the complexity in
searching stage. The parameters for the simulation are
the same as those used for Figure 2. In addition, the
EbNO is kept constant at 10dB, the number of iterations
issetto 5x10°.

Table 1. Comparison of average complexity per symbol
period of the proposed decoder and its counterparts

F-QRD 26
Proposed Decoder 59 51
ML 3520 3584

1t can be seen from the Table I that the complexity of
the proposed decoder is comparable to that of ZF-QRD
decoder while it is remarkably smaller than that of the
optimal ML decoder.
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V. CONCLUSIONS

In this work, the new low-complexity ML-like
performance decoder for VBLAST-STBC MIMO
system employing non-square OSTBC code rate 3/4
has been proposed. The proposed decoder is shown
to be capable of not only providing the systems with
ML-like performance but also obtaining extremely
low complexity. Although it suffers from spectral
efficiencies loss by mnature of VBLAST-STBC
scheme, the significant low complexity and the
possibility of usage in case number of receive
antennas less than number of transmit antennas make
it to be a very promising decoder for practical
applications.

ACKNOWLEDGMENT

This work was supported by the Korea Science
and Engineering Foundation (KOSEF) under ERC
program through the Intelligent Radio Engineering
Center (IREC) at ICU, Republic of Korea.

REFERENCES

[1] Foschini and M.J. Gans, “On limits of wireless
communications in a fading environment when
using multiple antennas”, Wireless Personal
Communications, Vol.6, 1998, pp.311-335.

[2] Branka Vucetic and Jinhong Yuan, Space Time
Coding, 2003 edition, John Wiley.

[3] Tianyu Mao and Mehul Motani, “STBC-VBLAST
for MIMO Wireless Communication Systems”, ICC

2005. 2005 1EEE International Conference on, Vol.4,

16-20 May 2005 pp.:2266-2270.

[4] P.W. Wolniansky, G.J. Foschini, G.D. Golden and
R.A.Valenzuela, “VBLAST: An Architecture for
Realizing Very High Data Rate Over the Rich-
Scattering Wireless Channel”, Signals, Systems and
Electronics, 1998 (ISSSE 98), Sept. 29-Oct. 02,
1998, pp.295-300.

[5] Wubben, R. Bohnke, J. Rinas, V. Kuhn and K.D.
Kammeyer, “Efficient algorithm for decoding
layered space-time codes”, Electronics Letters,
Vol.37, No.22, Oct. 2001, pp. 1348-1350.

[6] Dirk Wubben, Ronald Bohnke, Volker Kuhn and
Karl-Dirk Kammeyer, “MMSE Extension of V-
BLAST based on Sorted QR Decompotion”,
Vehicular Technology Conference, 2003. VTC
2003-Fall. 2003 IEEE 58th Volume 1, 6-9 Oct. 2003
Page(s): 508 - 512 Vol.1.

[7] Minh-Tuan Le, Van-Su Pham, Linh Mai and Giwan
Yoon, “Very-Low-Complexity Maximum-Likelihood
Decoder for Four-Transmit-Antenna Quasi-Orthogonal
Space-Time Code”, IEICE Trans. Comm., Vol.E88-B,
No.9, Sept. 2005, pp.3802-3805.

[8] W.J. Choi, R. Negi and J.M. Cioffi, “Combined ML
and DFE decoding for the VBLAST system”, ICC
2000 Proceeding, Vol.3, pp.1243-1248.

Van-Su Pham,

Member KIMICS Received B. S.
degree in Electronic Engineering,
Hanoi University, Vietnam, in 1999.
M.S. degree in Electrical Engineering
from Information and Communications
University (ICU), Taejon, Korea in
2003. Since February 2004, he has
been Ph.D. student in Communication and Electronics
Lab, Information and Communications University (ICU),
Taejon, Korea.

Minh-Tuan Le,

Member KIMICS Received his B. S.
degree in Electronics and Tele-
communication from Hanoi
University of Technology, Vietnam
in 1999, M.S. degree in Electrical
Engineering from Information and
Communications University (ICU),
Taejon, Korea in 2003. From 1999 to summer 2001, he
was lecturer of Posts and Telecommunications Institute
of Technology, Vietnam. Currently, he is working
toward Ph.D. degree in Communication and Electronics
Lab., ICU, Taejon, Korea. His research interest includes
smart antenna, space-time coding and MIMO systems.

Linh Mai,
Member KIMICS Received B. S.
degree in Natural Science, Hanoi
University, Vietnam, in 1996. M.S.
Degree in ITIMS, Hanoi, Vietnam,
in 1998. From 1998 to summer
2001, he was teacher of Posts and
; ; Tele-communications Institute of
Tech-nology, Vietnam. Since 2001 to now, he has been
Ph.D. student in Communication and Electronics Lab,
Information & Communications University (ICU),
Taejon, Korea.

Giwan Yoon

Received B.S. degree from Seoul
National University (SNU) in 1983
and M.S. degree from The Korea
Advanced Institute of Science and
Technology (KAIST) in 1985, in
Korea, and Ph.D. degree from The
University of Texas (UT) at Austin,
USA in 1994. From 1985 to 1990, he was an associate
engineer in Semiconductor Research Center of LG group,
Seoul, Korea. From 1994 to 1997, he was a senior
engineer of Digital Equipment Corporation (DEC), USA.
Since 1997, he has been a professor of Information &
Communications University (ICU), Daejeon, Korea.
Presently, he is an associate professor and his areas of
interest are intelligent communication electronics and RF
technology for wireless applications.



