and the way in which they vary with modulatien and with time is
essential to enable robust and reliable performance of PCL systems.
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Detection algorithm improving V-BLAST
performance over error propagation

Cong Shen, Hairuo Zhuang, Lin Dai and Shidong Zhou

An jterative V-BLAST detection algerithm improving the performance
over error propagation is proposed. In the algorithm, low-diversity
substreams are iteratively decoded by using decisions from high-
diversity substreams, and the performance is highly improved over
the traditional one, which is demonstrated via simulations. Another
advantage of this algorithm is that it is feasible to make a wade-off
between performance and complexity.

Introduction: The Vertical Bell Laboratories Layered Space-Time
(V-BLAST) system is a scheme that attains very high spectral efficiency
while maintaining low implementation complexity [1]. However,
in a practical V-BLAST system with a successive interference
cancellation (SIC) detector the performance suffers great degradation
due to the erfor propagation in its decision feedbacks. In the Letter,
we propose an iterative approach to suppress error propagation and
hence improve the performance in an uncoded case. For an (m, n) V-
BLAST systern, a single data stream is separated into m parallel
substreams and then transmitted simultaneously, one on its corre-
sponding transmit antenna. At the receiver, each antenna receives
signals transmitted from all the = transmit antennas, and the optimal-
ordered detection for each substream with interference nulling and
SIC are performed. Specifically, the following discrete-time model is
used:

r=H-s+n ()

where s =[5, 51,..., Sm_1] I8 an m x 1 vector the jth component of
which represents the signal transmitted from the jth antenna. The
received signal and noise vecter are both # x 1 vectors, which are
denoted by r and n, respectively. The complex channel gain between
the jth transmitter and the jth receiver is Ay, for i=0, I, —Land
F=0,1,...,n—1. His modelled with i.i.d. N(0, 1) enmes, and n is the
noise vector with i.t.d. M0, %) entrics. We assume that the channel is
flat quasi-static, namely, the channel is considered as constant over a
frame, but varies from one frame to another.

Problem analysis: In practical V-BLAST systems, error propagation
is inevitable and it is responsible for performance degradation, which
has been proposed and analysed in [2] and [3]. During the detection
procedure, later-detected substreams are decoded through decision
feedbacks from prior-detected ones. Under the assumption of no error
propagation, the diversity degree of the next detected substream is
supposed to increase by one after each cancellation. This means if no
error propagation is considered, the next detected substream should
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get great benefit from the diversity increase, and hence its perfor-
mance should be improved significantly. However, in practical
systems the overall system performance is limited by the worst
substream, which is the first detected one. It is because unreliable
decision feedbacks from low-diversity substreams are used to decode
high-diversity substreams that the overall performance is limited.
Therefore, the worst substream is the bottleneck, and the significant
gap between ideal and actual performance of substreams with high
diversity degrees promises significant room for improvement. It is
utilised in the following new algorithm,

Iterative detection algorithm: Since the first detection step is crucial
for the overall performance, the diversity degree of this substream
should be increased. Adding extra receive antennas will increase the
diversity degree of the worst substream. However, in practice the
number of receive antennas is limited by the size and feasible comp-
lexity of the mobile unit. Therefore it is not a practical solution. We
present an iterative detection algorithm to effectively improve the
diversity degree of the substreams detected antecedently, and hence
improve the petformance without adding more receive antennas. This
algorithm decodes low-diversity substreams by using decisions from
high-diversity substreams, which is just the reversed procedure of the
traditional one. In this Section we give a detailed analysis of it.

We use a (4, 4) system as an example to explain our new algorithm.
There are four substrearns, denoted by ¢y, €2, ¢3, 4. The traditional
V-BLAST decoding order [1] is ¢4 — ¢3-> ¢2— ¢, (taking for granted
that it is the optimal detection order), respectively. We iteratively
perform the traditional algorithm to achieve high diversity degree for
each substream. First, we perform the detection algorithm to get initial
decisions 39, 53, 39 and 3¢ corresponding to substreams ¢y, €3, €2, €1,
respectively. Then we begin the iteration, In the first loop, we subtract
&, which has the highest diversity degree 4, from the total receive
signal, and then we decode the remaining (3, 4) system using the
traditional algorithm. This completes the first lcop, and we get the first

. updated decisions 3}, 3, 53 and 2. In the second loop, we subtract both

3 and 53 from the total receive signal, then get the second decisions 5
and &‘2 In the last loop, we subtract i?, § and 3% from the total receive
signal and get the third decision 3. Finally, decisions §3, 53, §5 and 57
are decoding results.

It may be helpful to understand the performance improvement by
analysing the change of diversity degree of each substream in each loop
of our algorithm, which is shown in Table 1.

Table 1: Change of diversity degree in each loop

. Diversity degree
Detection state | Detection order in each state | of ¢y, ¢3, c3, €), Tespectivel
4 2 P Y
Initialisation P B35 1,2,3,4
Loop 1 H=s-h—8 2,3,4.4
Loop 2 FAC 3,4,4,4
Loop 3 B 4,4,4.4

In general, we give the following algorithm for an (m, n) MIMO
system where m <n.

Initialisation:

1. Perform the optimal detection order operation put forward in [1].
After this we assume that the order m, m— 1, ..., 1 is the optimal order.
2. Decode each substream of the (m, 1) system by using traditional

- algorithm.

Recursion:

Fori=ttom—1do:

3. Subtract signals (5,5, ...
F=r— ):d_] sy

4. Apply the traditional algorithm to the remaining (m — 1, i) system to
generaie ("1+h Sig2s ooy Sm)-

,5)" from substreams 1 to i as

Simulation results and conclusions: In this Section we demonstrate
the performance improvement of our new algorithim via simulations.
The results of the (4, 4) system are shown in Fig. 1. At the transmitter
bits are modulated with 16QAM at each transmit anterma. The
performance of the actual BER performance with error propagation
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is also plotted for comparison. As evident from the Figure, a large
performance gain is achieved using our iterative algorithm. For
example, at the BER of 0.1% our new algorithm with three loop
times outperforms the traditional algorithm by about 3.7 dB.

1
81021

--=- traditional algorithm, with error propagation
—— new algorithm, loop 1
—+— new algorithm, loop 2
—e—niew algorithm, loop 3

1073

1074 —— v — —

0 5 10 15 20 25
SNR, dB

Fig. 1 BER performance of new algorithm in each loop, (4, 4) svstem

It is also worth noting that the better performance achieved in cur
algorithm is at the expense of a reasonable complexity, which makes
our algorithm more practical for implementation. The complexity of our
algorithm equals to that of the traditional algorithm multiplying the
loop times. From our simulation results it is also clear that the
performance gain berween two comjoint loops degrades as the loop
times increase. It is also clear from the simulation results that if we only
loop two times, the performance gain offered by iteration has been
mostly achieved. More than two loop times does little 10 the perfor-
mance improvement, which makes it possible to reduce the complexity
by decreasing the loop times, with relatively very little performance
loss. This indicates that our algorithm is feasible to make a trade-off
between performance and complexity,
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Influence of channel estimation error on
layered space-time receivers

Young-Hwan You and Hyoung-Kyu Song

The performance limitation due to the imperfect channe! estimation in
a layered space-time (BLAST) receiver is addressed. For the perfor-
mance evaluation, the effective signal-to-interference ratio and average
bit error rate expressions of zero forcing VBLAST systems with
unordered successive cancellation are derived taking into account the
effect of the imperfect channel information.

1008

Introduction: A while ago, a layered space-time (BLAST) architecture
was proposed to overcome the link budget, which transmits parallel
data streams using muliiple antennas [1, 2). However, BLAST systems
require accurate channel state information derived in a multiple input
multiple output (MIMO) architecture, since the signal received at the
receiver antennas is the superposition of the signals transmitted from
multiple antennas and its performance is heavily dependent on the
estimation error, which is introduced by the additive noise in the
common pilot symbol [3, 4].

In this Letter we report investigation of the effects of the imperfect
channel estimation in vertical BLAST (VBLAST) systems based on zero
foreing (ZF) filtering. For the purpose of measuring performance, using
Gaussian approximation on the error propagation, the effective signal-
to-interference ratio (SIR) and average bit error rate {BER} expressions
are derived in the presence of the imperfect channel information for two
special cases of the best and worst symbol cancellations. Numerical
results demonstrate the influence of the imperfect channel information
on the BER performance of unerdered ZF-VBLAST systems employing
the least square (LS) and linear minimum mean square error (LMMSE)
estimators for the channel estimation.

ZF-VBLAST system model: We use M x N to signify a configuration
with M transmit and N receive antennas. Denoting the transmitted
signal for mth parallel stream by x,,, the M-dimensiona) signal vector
x=[x; x3 - - - xaq)7 has variance E{xx"’} = (Sp/ M) 1py, where S, is the
total transmitted symbol power, which is'held constant regardless of
the number of transmit antennas, ( - Y denotes the Hermitian trans-
pose, and I, stands for an M x M identity matrix. Using the discrete-
time complex baseband model, the channel mpulse response has an
N x M matrix denoted by H, the elements of which form Jjth transmit
antenna to ith receive antenna and are expressed as H; and are
mutually uncorrelated complex Gaussian random variables (rv.'s)
with zero mean and unit variance in a rich scattering environment.
The received symbol vector is then obtained as

M
y=Hx4+w=> hx, +w (N
i=

where h; is the ith column of H and w is an additive Gaussian noise
with covariance (Np/2) 1. The ZF-VBLAST is based on the QR
decomposition of the estimated channel response matrix H=H +¢,
which is formulated as H =QR, where R is an upper triangular matrix
and Q is an orthogonal matrix satisfied with 0'0=1

Using the estimated nulling vector (or beamformer), the M x 1
beamformer output vector can be expressed as

z=6”y=ﬁx—_@”sx+f)”w 2)
= =
W

where £ is an ¥ x M channel estimation error matrix the elements of
which £, are assumed to be a Gaussian r.v. with variance o= and W is an
M x 1 AWGN vector with covariance matrix No/f2 Ipg

In ZF-VBLAST systems with unordered interference cancellation,
the detection is performed by the descending order of the transmitted
stream, [1, 2]. In each step, a nulling vector for the Ath stream is
updated by using the estimated channel mairix H. So, in Ath tumn, the
decision variable of (Af — k4 1)th stream can be decomposed into the
following signal components:

Zpgoppl = Far—kerl M-Ikt T Dk
— By g1 F Wy g 3

where I, = Z[l‘iiﬂ Fig (x;— X7) is the interference signal in the ith stream
due to the imperfect symbol cancellation, E; is the interference term due
to the channel estimation error, and W, is the AWGN term in the fth
stream. The symbol decision is based on the quantisation function as

dr= /P

BER expression in presence of estimation error: Recall that the
second term in (3) is the interference term due to imperfect decision
feedbacks. To quantify the effect of interference, we may approximate
it as a Gaugsian random variable. The interfering term I; is dependent
on the symbol error in the previously detected streams and the
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