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Abstract — Performance limits are derived for
wireless transmission of common information from a
multiple-element antenna array to multiple receivers
when the relevant fading channel coefficients are all
known at the transmitter. We characterize the ef-
ficient frontier of operating points and show that
even when the number of receivers is larger than the
number of antennas, significant performance improve-
ments can be obtained by tailoring the transmission
strategy to the realized channel.

I. INTRODUCTION AND CHANNEL MODEL

We consider transmission of a common message = to L
receivers simultaneously using an M-element transmitter an-
tenna array given complete channel knowledge at the trans-
mitter. Expected SNR is used as a performance metric, which
characterizes the performance of typical uncoded systems.

In the equivalent baseband model for the narrowband sys-
tem of interest, the received signal takes the form

M
Y= Zai,:h;x'an

i=1

1=12,...,L (1)

where the h; are appropriately selected complex antenna
weights; 3. h? < 1 so the transmitted power is &. The inde-
pendent complex Gaussian channel coefficients a;,; represent
the Rayleigh fading between antenna element i and receiver !
and have a common variance o2 . The additive white Gaussian
receiver noise and interference terms V; are independent and
have variance No. Collecting the ! equations represented by
(1) into a single equation in matrix form yields

Y =Aha +V (2)

1I. TRANSMITTER OPERATING CHARACTERISTIC

The conflicting objectives inherent in transmitting to mul-
tiple receivers are naturally captured in what we define as
the “transmitter operating characteristic” for the channel.
For L = 2 receivers, this is the set of received SNR pairs
(SNR;,SNR2) for which SNR; is maximized subject to the
constraint SNR, > n. This frontier is equivalently traced out
by maximizing

wiSNR; 4+ w2SNR2 (3)

as the weights w; and w; are varied, and can be calculated
by observing that (3) achieves its maximum value when h is
set as the eigenvector corresponding to the largest eigenvalue
of AW A where W = diag(w;, w2). Note that various op-
erating points of interest can be readily determined from the
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resulting frontier: for instance, that which maximizes SNR to
a particular user, that which maximizes the minimum of the
two receiver SNR’s, and that which maximizes the average of
the two SNR’s.

III. MAXIMIZING THE SUM OF SNR’s

Maximizing the average SNR among all users is partic-
ularly tractable, and additionally maximizes the minimum
time-averaged SNR if receivers undergo slow ergodic varia-
tions in their channel coefficients.

In general, average SNR performance improves as the num-
ber of receivers L decreases, which we characterize by defining
an “SNR enhancement factor”

SNR with finite receiver population

7= (4)

" average SNR for infinite receiver population ’

where the denominator is equivalent to ignoring channel infor-
mation and equals 02&;/Np. The expected value of v increases
from 1 to M as L decreases from oo to 1, reaching its max-
imum value when transmitting to a single recipient (L = 1)
by a beamforming strategy with h « «a*. Note that it is in
general not possible to beamform simultaneously to multiple
recipients.

When the number of antennas M and the number of
receivers L are moderate to large, we can take advantage
of asymptotic properties of the Wishart-distributed matrix
A¥A. When M and L approach infinity in such a way that
the ratio M/L of transmitter antenna elements per receiver
approaches a positive constant, then the largest eigenvalue of
A A can be shown to converge almost surely [1], resulting in
an average SNR enhancement per receiver of

2
- M
Yavg = (1 + —L—) . (5)

Monte-Carlo simulations show that expected per-receiver SNR
is approximated reasonably closely by (5) when M and L are
of moderate size. When more accurate statistics are required
for smaller systems, probability density functions may be an-
alytically derived [1, 2]. Although this particular strategy of
maximizing average SNR is not optimized for minimizing out-
age probability (the probability that SNR drops below some
prescribed threshold) for a particular receiver, outage proba-
bility is neverless significantly improved over a strategy that
does not that channel information into account.

More detailed development and discussion of these and re-
lated results is contained in [2].
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