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ABSTRACT

In this paper, utilizing high resolution quantization theory, we an-
alyze the loss in average symbol error probability (SEP) for finite
rate feedback MISO systems with rectangular M-QAM constella-
tion. Assuming perfect channel estimation, no-feedback delay and
error-less feedback, for spatially i.i.d and correlated channels we de-
rive analytical expressions for loss in average SEP due to finite-rate
channel quantization. We then consider the high-SNR regime and
show that the loss associated with correlated case is related to the
loss associated with the i.i.d case by a scaling constant given by the
determinant of the correlation matrix. We also present simulation
results in support of the analytical expressions.

Index Terms: MISO systems, transmit beamforming, channel state
information, feedback, M-QAM, channel quantization, spatial correlation

1. INTRODUCTION
In a multiple-input and single-output (MISO) system, if the chan-
nel state information (CSI) is available at the transmitter, one can
achieve both the diversity and array gains with transmit beamform-
ing, whereas only diversity gain can be realized with space-time cod-
ing. In this paper we focus our attention on MISO systems where
CSI is conveyed from the receiver to the transmitter through a finite-
rate feedback link [ 1] -[4]. Optimum codebook design for ergodic ca-
pacity loss, a system performance metric, is proposed in [1]. In [3],
the problem is studied from a source coding perspective by formulat-
ing the finite-rate quantized MISO system as a general vector quan-
tization problem. By utilizing the high-resolution distortion analysis
of the generalized vector quantizer, tight lower bounds of the ergodic
capacity loss of a quantized MISO system over i.i.d and correlated
fading channels with both optimal and mismatched channel quantiz-
ers were obtained [3].

Average SEP, another important system performance metric, for
limited set of constellations has been studied with i.i.d fading chan-
nels based on approximating the statistical distribution of the key
random variable that characterizes the system performance. Specif-
ically both [1] and [2] characterized the absolute amplitude square
of the inner product between the channel direction and its quantized
version as a truncated beta distribution and used it to study effect
of quantization on average SEP. Similar to the capacity analysis,
SEP analysis for correlated channels using such statistical methods
have not met with much success. In this paper we make use of the
source coding based framework developed in [3] to study the aver-
age SEP loss in correlated Rayleigh fading channels with rectangular
M-QAM constellation. The application of the theory in [3] to this
problem is quite involved because of the complicated dependency
of the objective function on the random variables involved and the
results derived here serve to validate the general nature of the the-
ory [3]. In addition, the results provide interesting insight into the
more general and useful scenario of correlated channels with a more
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practical and relevant measure. The rest of this paper is organized as
follows. In Section 2, we introduce our system model. In section 3
we present the high resolution analysis. The average SEP loss ex-
pressions are derived in Section 4. Numerical and simulation results
are presented in Section 5. We conclude this paper in Section 6.

2. SYSTEM MODEL
We consider a MISO system with t antennas at the base station (BS)
and one antenna at the mobile station (MS). The channel between
the BS and the MS is modeled as a frequency-flat, slowly vary-
ing Rayleigh fading channel that is assumed to be constant over a
block of symbols. Dropping time index, for the sake of simplicity,
h C Ct 1 is the correlated 1 MISO channel response with distribu-
tion given by h - AlC (0, Eh). Let us denote by w C Ct X 1, the unit
norm beamforming vector at the BS. Then, the received signal at the
MS is given by y = WHhsm + n, where H is the Hermitian op-
erator and n is a zero-mean circularly symmetric complex Gaussian
random variable with E[[n 12] = 1. The transmitted two dimensional
modulation symbol is denoted by sm, which belongs to the rectangu-
lar M-QAM constellation with E[ sm 2] = p. The CSI is assumed
to be perfectly known at the receiver but only partially available at
the transmitter through a finite-rate feedback link of B bits per chan-
nel update. Specifically, a codebook C = {xi, , VN }, composed
of transmit beamforming vectors, is assumed to be known to both
the receiver and the transmitter, here N = 2B. Based on the chan-
nel realization h, the receiver selects the best code point v from the
codebook and sends the corresponding index back to the transmit-
ter. Assuming no errors and no delay in the feedback link, at the
transmitter, the unit-norm vector v is employed as the beamform-
ing vector, i.e. w = v. the received signal can now be written as
y = (h,;v) Sm+ n = Y * (v,;v) * sm + n, where v = h/IIhII,
ae = llhl 2and (x, y) xHy.

3. HIGH RESOLUTION THEORY
In this section we briefly summarize the asymptotic distortion analy-
sis of the generalized vector quantizer results in [3] that are relevant
for the analysis of average SEP loss of M-QAM constellation. It
is assumed that the source variable h is a two-vector tuple, (v, ae),
where vector v C Q represents the actual quantization variable of
dimension kq and o C Z is the additional side information of dimen-
sion kz. The side infornation o is available at the encoder (receiver)
but not at the decoder (transmitter). The encoding or the quantization
process is denoted as v = Q(v, ae). The distortion introduced by
a finite-rate quantizer is defined as D = Eh [DQ (V, V; ) , where
DQ (V, V:; c) is a general non-mean-squared distortion function be-
tween v and v that is parameterized by ae. It is further assumed that
function DQ has a continuous second order derivative W, (v), the
sensitivity matrix, with the (i, j)th element given by

Wij =2 O,, DQ((V,V;. (1)

'We normalize the channel covariance matrix such that the mean of the
eigen values equals to one (equal to the i.i.d. channel case E h = It).
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