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Automatic Robust Linear Receiver for Multi-Access
Space-Time Block Coded MIMO Systems
Jun Yang, Xiaochuan Ma, Chaohuan Hou, Fellow, IEEE, Yicong Liu, and Zheng Yao

Abstract—In this letter, we develop a fully automatic robust
linear receiver technique for joint space-time decoding and
interference rejection in multi-access MIMO systems that use
orthogonal space-time block codes and erroneous channel state
information (CSI). The proposed receiver does not need any a
priori knowledge of channel estimation errors and has a simple
closed form. Numerical examples show that our method usually
gives good performance in case of non-perfect CSI and/or low
sample sizes when compared with other tested linear receivers.
Index Terms—Multi-access MIMO communications, orthogonal
space-time block codes, robust linear receiver.

I. INTRODUCTION

O

RTHOGONAL space-time block codes (OSTBCs) [1],
[2] represent an attractive class of space-time coding
techniques since they enjoy full diversity and low decoding
complexity. In the point-to-point MIMO communication case,
maximum likelihood (ML) detection can be realized with a
simple linear filter which can be interpreted as a space-time
matched filter (MF) [3]. However, in the multi-access MIMO
case, the ML receiver has much more complicated structure
and prohibitively high complexity. Meanwhile, the MF receiver
degrades severely because it does not take into account the
structure of the multi-access interference (MAI). Therefore,
efficient suboptimal receivers are needed. In last few years,
several linear receiver techniques have been developed, such as
[4]–[7]. A common shortcoming of these methods is that they
use the assumption that the exact channel state information
(CSI) is available at the receiver. However, this condition can
be violated in practice because of channel estimation errors
caused by, for example, MAI and/or outdated training. To cope
with this, robust methods based on worst-case optimization [8],
probability-constrained optimization [9] and adaptive projected
subgradient method [10] have been proposed recently. However, the performance of the aforementioned methods depends
on the choice of user parameters which are related to either
the knowledge of CSI mismatches (see [8], [9]) or a properly

chosen constant (see [10]). Unfortunately, the parameters may
be difficult to estimate in practice.
In this letter, we derive a parameter-free robust method
based on the minimum variance (MV) linear receiver in [7]
with generalized loading, which can be seen as an extension
to the well-known diagonal loading approach and has been
successfully used for developing robust techniques for adaptive
beamforming [11]. The proposed receiver has a couple of
advantages compared with existing robust methods. One is that
the proposed method is fully automatic, which means it does
not need any a priori knowledge for choosing user parameter,
such as the variance of errors on CSI used in [8], [9]. The other
is that the computational complexity of the proposed method is
about the same as the MV receiver, which may be much lower
than those of other existing robust methods.
II. PROBLEM FORMULATION
Consider an uplink multi-access MIMO communication
receiving antennas. The transmitters are assystem with
sumed to have the same number of transmitting antennas
and to encode the information-bearing
which is denoted by
symbols using the same OSTBC.1 Then, the received signal
can be formulated by
(1)
where is the matrix of received signals,
is the matrix of
is the
comsignals transmitted by the th transmitter,
plex channel matrix between the th transmitter and the receiver,
is the matrix of noise, and is the number of transmitters.
be the vector of
symbols transLet
denotes the transpose operator.
mitted by the user where
is the
OSTBC, which can be written
The matrix
as [7]
(2)
where
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,
,
, and
is the
vector having one in the th position and zeros elsewhere.
as [7]
By defining the “underline” operator for any matrix
(3)
where
is the vectorization operator stacking all columns
of a matrix on top of each other, (1) can be rewritten as [7]
(4)
1These assumptions are only needed for notational simplicity and can be relaxed [7].
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where is a
vector of the th trasmitter’s informationcan be expressedas
bearing symbols and the matrix
(5)
An important property of this matrix is that its columns have the
same norms and are orthogonal to each other:
(6)
where
denotes the Frobenius norm. Without loss of generality, we assume the first transmitter is the transmitter-of-interest. Then, the output vector of a linear receiver can be formulated by [7]
(7)
is the
real matrix of the receiver coeffiwhere
cients. Based on the formulation of (7), we can interpret the MF
receiver which becomes highly nonoptimal in the multi-access
MIMO case with the following coefficient matrix:

(12)
with
to be the positive definite square root of
lution can be formulated by

. The so-

(13)
We also note that the solution of (12) is equivalent to the least
squares (LS) solution of the linear regression problem
(14)
where
is the residual term. Hence we can comin the linear
pute the mean-squared error (MSE) of the
regression framework as

(8)
The MV linear receiver which is able to reject both MAI and
self-interference can be formulated as [7]
(9)
where
is the trace operator,
is the sample estimate of the
full-rank covariance matrix and is the sample size. The solution to (9) can be
written as
(10)
In the case of imperfect CSI and low sample size, it was suggested in [7] to apply fixed diagonal loading (DL) to improve
the performance of the MV receiver (10).
III. MINIMIZED MEAN-SQUARED ERROR
(MSE) SHRINKAGE ESTIMATOR

(15)
is the expectation operator. From (15), we
in which
note that the matrix
is usually ill-conditioned because of the existing of MAI in the multi-access case.
is always high, and this will lead
Thus, the MSE of
to the sensitivity of the MV receiver to CSI mismatches
and errors on sample covariance matrix. Suppose that
are the eigenvalues of
. Let
the singular value decomposition (SVD) of
be
,
. Assuming
where
and
, we
as
can rewrite

A. Definition of Shrinkage Estimator
The coefficient matrix
new parameter matrix

in (9) can be reparameterized by a
according to

(11)
where
is a semi-unitary matrix which
so that
and
spans the entire space together with
. The structure in (11) shows the relation
between the MF receiver and the MV receiver. Note that the
in (11) is the MF receiver when there is
first term
no MAI. In the presence of MAI, the MV receiver subtract out
the interference which is assumed orthogonal to . Hence the
linear solution for interference suppression will be of the form
. In this way, (9) can be rewritten as

Then we define the shrinkage estimator of

as

(16)
(17)

are shrinkage factors which, for example, can be
where
chosen by minimizing the MSE of . Note that the proposed
degrees of freedom which
shrinkage estimator has
are much more than the conventional DL approach, thus we
can expect it give better performance than DL-based methods.
B. Minimized MSE Shrinkage Estimate
In this section, we consider the MSE minimization problem.
The MSE of can be formulated by
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(18)
By solving the minimization problem, we can get the minimized
MSE shrinkage factors as

In practice, since both
will use

are unknown,(19)
we

and

Fig. 1. SER for varying INR (SNR = 20 dB). (a) J = 80, perfect CSI; (b)
J = 40, perfect CSI; (c) J = 80,  = 0:1; (d) J = 40,  = 0:1.

(20)
as an estimate of

and

instead of

.

IV. AUTOMATIC ROBUST MINIMUM VARIANCE RECEIVER
Using the shrinkage factors in (19), we can get an automatic
robust receiver via generalized loading. Denoting the diagonal
matrix

we can compute the coefficient matrix

as

(21)

(22)
Since

, we add
(23)

to (22) and define

. Then we get

(24)
We can see that
is the orthogonal projection matrix onto the complement of the column space
. Note that
has rank
and
of
with rank
satisfies
(25)
Consequently

(26)

From (26), we can see that the proposed automatic robust receiver can be seen as a generalized loading approach in which
is loaded instead of diagonal
symmetric matrix
matrix. Furthermore, we also note that the conventional diagonal loading approach can be obtained as a special case of the
, where
shrinkage estimator of (17) by choosing
is the parameter of diagonal load.
The computational complexity of the proposed method
is mainly determined by the eigenvalue decomposition of
, which is only
. Thus, the proposed
method has about the same computational complexity as the
MV receiver. However, other existing robust methods usually
have much higher complexity and may also requires a specific
built-in convex optimization software, such as [8], [9].
V. NUMERICAL EXAMPLES
Throughout the simulations, we assume a single receiver of
antennas. The interfering transmitter uses the same
OSTBC as the transmitter of interest, and the QPSK modulation scheme is used. The methods we evaluate include a) the
MF receiver, b) the MV receiver, c) the DL-based MV receiver
with a loading factor equals to five times of the noise variance
which is a popular ad hoc choice, d) the proposed robust MV
receiver, and e) the worst-case-based method [8] (one of the robust methods with demands of user parameters). We assume the
knowledge of mismatches (the variance) on channel matrices is
known for it and can be used for choosing the user parameter.
All plots are averaged over 100 independent simulation runs. In
are independently drawn from a
each run, the elements of
complex Gaussian random generator with zero mean and unit
variance and the presumed channel matrices are perturbed by a
complex Gaussian noise which is independently generated for
each channel matrix with zero mean and the variance .
transmitters each with
In the first two examples,
antennas are assumed, and the full-rate Alamouti’s
[1] is used. First, we assume the
OSTBC
. The symbol error rate (SER) performance for
varying INR in different cases is shown in Fig. 1(a)–(d). Note
that INR stands for interference-to-noise ratio. When INR increases the interference from other users dominates the noise.
The MF approach does not take into account any interference.
Therefore the performance deteriorates as INR increases. According to the plots, we can see that the MF receiver fails completely when INR is high. The MV receiver can perform well in
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Fig. 2. SER for varying SNR (J = 40;  = 0:2; INR = 20 dB).

Fig. 4. SER for varying J ( = 0:2; SNR = INR = 20 dB).

show that our receiver gives robust performance against CSI
mismatches even in case of low sample sizes. Note that there
are still some opportunities to enhance the proposed method,
for example, by exploiting the structure of OSTBC (see [12])
and/or by taking into account the random effect of the designed
matrix in the linear regression model of (14). We plan to discuss
these issues in further work.
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