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Abstract BLAST, a MIMO wireless communication systems can achieve very high 
spectral efficiency in rich multipath environment through exploiting the extra 
space dimension. A simplified version of BLAST known as V-BLAST has 
been proposed and implemented. In this paper we compare the performance of 
various V-BLAST algorithms through computer simulations. The results show 
that the nonlinear detection schemes with interference cancellation (Ie) have 
much better performance than linear detection schemes and Minimum Mean 
Squared Error schemes (MMSE) have better performance than Zero Forcing 
(ZF) schemes. The efficient square-root algorithm with Ie shows very 
attractive property that having low complexity while keeping the good 
performance compared with conventional IC scheme. In our simulation, little 
improvement is observed for the Pre-match filtering plus IC scheme. 
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1. Introduction 

MUltiple-input multiple-output (MIMO) wireless communication 
systems can achieve very high spectral efficiency in rich multipath 
environment through exploiting the extra space dimension [1][2]. BLAST 
(Bell Labs Layered Space-Time) architecture [2][3] is such a system 
realizing very high data rates without additional power or bandwidth 
consumption. The diagonal BLAST or D-BLAST proposed by Foschini[4], 
utilizes multiple antenna at both transmitter and receiver and an elegant 
diagonally-layered coding structure in which code blocks are dispersed 
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across diagonals in space-time. In an independent Rayleigh scattering 
environment, this processing structure leads to theoretical rates which 
increases linearly with the number of antennas (assuming equal numbers of 
transmit and receive antennas) with these rates approaching 90% of Shannon 
capacity. However, the D-BLAST suffers from low efficiency for short 
package transmission and it requires advanced encoding techniques and 
means to avoid catastrophic error propagation, which make it inappropriate 
for initial implementation. 

In addressing these problems, a simplified version of BLAST known as 
vertical BLAST or V -BLAST has been proposed and implemented in real 
time in laboratory [3][5]. It is demonstrated that the V -BLAST is cost­
effective and highly spectrally efficient, achieving as much as up to 60% of 
the capacity achievable by D-BLAST. Therefore V -BLAST has drawn lots 
of attention recently and much effort has been made to achieve better 
performance [6][7] or lower complexity [8][9]. In this paper, we will 
compare the performance of various V -BLAST algorithms through computer 
simulations over Rayleigh fading channels. 

This paper is organized as follows. The V -BLAST system is 
overviewed in section II followed by the description of various V -BLAST 
detection algorithms in section m. The simulation results are shown in 
section N and concluded in section V. 

2. V·BLAST system overview 

The V -BLAST diagram is shown in Fig. 1. This system consists of M 
transmitters and N receivers where At the transmitter end, a single 
data stream is de-multiplexed into M streams, and each sub-stream is then 
encoded into symbols and fed to its respective transmitter. 

The wireless channel is assumed to be rich-scattering and flat-fading. 
The fading between each antenna pair of transmitter and receiver is assumed 
independent. 

At the receiver end, each receiving antenna receives the signals from all 

M transmitter antennas. Letting a = [a .. a2 ,. .. ,aM f ('T' denotes transpose 
operation) denotes the vector of transmit symbols from M antenna, then the 
received signal can be represented as 

r=H·a+v (1) 
where H is the N-by-M complex channel matrix with statistically 

independent entries and v is the complex Gaussian noise vector with zero 
d . 2 

mean an vanance trv . 
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Figure 1: The block diagram of V -BLAST system 

3. DETECTION ALGORITHMS 

3.1 Linear Detection 

Based on the formula (1), a linear detection is simply to mUltiply the 
received signal vector r with a linear transform matrix G, i.e. the estimated 
signal vector may be represented as 

Ii = G . r = G . H . a + G . v (2) 
This linear processing is also known as "nulling". Because the effect of 

the linear processing for each sub-stream is to keep the desired sub-stream 
signal while suppress or null the other sub-stream signals at the same time. 

The linear detection algorithms differ from each other by the selection 
of G, which is derived based on different criterion. The most common 
criteria for nulling are Zero Forcing (ZF) and Minimum Mean Squared Error 
(MMSE), for which the corresponding linear transform matrix are 

G = H+ (3) 

(4) 

respectively, where superscript '+', 'H', and '-1' represent matrix pseudo 
inverse, Hermitian, and inverse operation respectively. As can be seen, the 
linear detection obtain estimates of all M signals at the same time. 



14 Hufei Zhu, Zhongding Lei and Francois Chin 

3.2 Nonlinear Detection 

3.2.1 Interference Cancellation (IC) 

Actually, the nonlinear detection schemes [1] with interference 
cancellation (Ie) are borrowed from the multiuser detection context. This 
kind of detection methods does not detect the M signals at one run. Instead, 
it starts with linear detection of only one sub-stream by means of nulling 
with ZF or MMSE, i.e. multiply r with a row vector of G instead of the 
matrix G. This sub-stream was selected because it was the best one amongst 
the rows, in the sense that it gets highest post-detection signal-to-noise ratio 
(post-SNR). Then the effect of the detected signal is subtracted out from the 
received signal vector, resulting in a modified received vector with less 
"interferers". This process proceeds until all the signals are detected. 

Let the ordered set 
q == {kp k2." ··,kM } (5) 

be a permutation of the integers 1,2 .. ·· ,M specifying the order in which 
components of the transmitted symbol vector a are extracted. The full 
detection algorithm (with ZF nulling) can be described compactly as a 
recursive procedure, including determination of the optimal ordering for 
selection of the best row, as follows: 

a) initialization: 
i 1 (6a) 
G 1 = H+ (6b) 

kl = jlr (6c) 
J 

b) recursion 

W k j = [(Gj)k; f 
T Yk j = wkj ·rj 

ilk; = Q(Ykj ) 

ri+l = rj - ilk; . (H) kj 

G j +1 . 
kj+1 = arg minll(G i+l ) j r 

jelkt···kj ) 

(6d) 

(6e) 

(6t) 

(6g) 

(6h) 

(6i) 

(6j) 

where (G;) j denotes the jth column of G i' H k; stands for the matrix 

obtained by zeroing columns kl , k 2 • ••• , k j of H, 11.11 is the length of the 
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vector and Q(.) denotes the quantization (slicing) operation appropriate to 
the constellation in use. 

For nonlinear IC detection with MMSE, the steps are the same except 
Gp(i = 1, ... ,M) are calculated based on formula (4) instead of (3) above. 

3.2.2 An efficient square-root algorithm for IC (SRIC) 

An efficient square-root algorithm for nonlinear IC detection has been 
reported in [9]. This algorithm is to find an efficient way to compute the 
pseudo inverse in steps (6b)/(6i) to ease computation burden. Actually it 
reuses the intermediate computation results of previous iterations for the 
current iteration to avoid re-computing the pseudo-inverse (or QR 
decomposition) for each deflated subchannel matrix. 

3.2.3 Pre-match mtering (pre-MF) with IC 

The performance of IC detector for VBLAST varies with the channel 
matrix D. It may be improved through changing the distribution of the 
channel matrix. Pre-MF with IC scheme has been proposed based on this 
idea [10]. Before applying IC algorithm, it pre-process the channel matrix 
with a matching filter and fed the resulting cross-correlation matrix to the 
conventional BLAST IC detector for BPSK modulated signal. The signal 
after matched filter can be represented as 

Y=HH ·r=HH ·H·a+HH ·v=R·a+v (7) 
where R = H H H is the cross-correlation cahnnel matrix. Therefore the 
matrix R, replacing D, is used to go through the process of IC scheme. (from 
(6a)to (6k». 

4. Simulation results 

In this section, we evaluate various detection algorithms over Rayleigh 
fading channel in the presence of white Gaussian noise through simulations. 
The algorithms are linear ZF, linear MMSE, IC with ZF, SRIC with ZF, 
SRIC with MMSE, pre-MF IC with ZF. 

We consider the systems with 4 transmitter and 4 receiver antennas. 
Figure 2 shows cumulative distribution functions of SNR of these algorithms 
when pre-detection SNR is 10 db, while figure 3 shows corresponding 
cumulative distribution functions of channel capacity of these algorithms. 
The average BER (bit error rate) curves vs pre-detection SNR are shown in 
figure 4. 
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From these figures we can see consistently that nonlinear detection 
schemes with IC perform much better than linear detection schemes in terms 
of post-detection SNR. capacity. and BER. but at the cost of more 
computational load. MMSE detection schemes (either linear or nonlinear) 
have better performance than their ZF counterparts because of taking into 
consideration of the effect of noises. It is notable that the SRIC algorithms 
have almost no performance degradation compared with their counterparts 
while keeping computational load quite low. As to pre-MF IC scheme. little 
improvement is observed compared with conventional IC scheme. This may 
be due to the assumption we made in our simulations that most of decisions 
for the first data stream are correct to ease computation load. 

s. Conclusion 

We present six V -BLAST algorithms. Simulation results show that the 
nonlinear detection schemes with IC has much better performance than 
linear detection schemes and MMSE has better performance than ZF. There 
is no obvious difference observed between the performance of the efficient 
square-root algorithm with conventional IC while the former has attractive 
low computing complexity. And little performance improvement is observed 
for the Pre-MF with IC scheme compared with conventional IC. 
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Figure 3: Cumulative distribution functions of channel capacity 
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Figure 4: Average BER 
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