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I. SYSTEM MODEL AND PROBLEM FORMULATION

Consider a wireless downlink with 2 antennae at the
base station (BS), 1 antenna at each of the K mobiles
(MS) and independent proper stationary Rayleigh channels
{Rn, () Z:f’;zf(, where time ¢ is slotted. Channels remain
constant over one slot and change Gauss-Markov from slot to
slot: hnk(t 4+ 1) = ahnx(t) + V1 — a?w, i, (t), where wy x(¢)
are mutually independent CA(0,20?) random variables and
a < 1. If the BS transmits signals z(t) and z(t)e’®®| the
received signal at the k" MS will be
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where the Wys are mutually independent CA/(0, 1) processes,
and are independent of the h’s and across time. In each time
slot a value of 6(t) is fixed by the base station and the users
report their SNRs 3 |h1,k(t) + hz,k(t)ejg(”l?, The user with
the maximum SNR in a particular slot is chosen for service
for that slot, and its SNR is the SNR of service for that slot.
6(t) is changed from slot to slot.

The BS can induce channel fluctuations by varying 6 with
time [1]. A trajectory for 6 that does not depend on the SNR
feedback (and is thus independent of the channel) is called
open loop. The problem we consider is to control 8(t), using
only the SNR feedback, so that the SNR at which service
is given is (on average) better than that with an open loop
trajectory.

If the phases of each of the h were known at the BS, a value
of §*(t) = arg hy,x(t) — arg ha i (¢) is the best for user k at ¢.
The service SNR using 6™ (¢) of the best user at t (bearnforming
in phase) provides an upper bound on the performance of
any trajectory, but is unachievable with the feedback scenario
under consideration.

ri(t) = (h1k(t) + hok ()€ D) m(t) + Wi (t)

II. THE ADAPTIVE SCHEME

Intuitively, given that the channels possess sufficient mem-
ory, a value of §(¢) that results in a good value of SNR. of
service at time ¢ will result in a good SNR of service at ¢t + 1
t0o, but may not work well (say) 100 slots later. A trajectory
which makes @ cycle around the phase space and “slow down
when it is doing well, and speed up when it is not” will do
better than a trajectory that just takes a uniform sampling of
the phase space, with no use of feedback.

The adaptive trajectory for 6(t) that we propose to exploit
this phenomenon follows the update equation

6(t+1) - 6(t) =

where SNR; (6(t)) is the SNR of service at time ¢ and B and
7 are the parameters of the scheme.

Be—7SNRI(0(t))
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The performance of this adaptive scheme is compared to
that of an open loop scheme and to the upper bound of beam-
forming in phase for the case of infinitely backlogged users
without delay constraints. The average throughputs as a func-
tion of the number of MS users is shown in the first figure for
two channel update speeds. The scheme performs better for
channels with higher memory (i.e. higher a), but manages to
beat the open loop one even for a channel coherence time of
approximately 10 slots (a = 0.9).

We also studied the performance of the scheme for delay-
constrained users with finite queues fed by Bernoulli arrivals.
The adaptive scheme can support higher arrival rates than a
non-adaptive one. The addition of a fairness mechanism (we
used the exponential rule [2]) to this scenario results in further
gains for both the adaptive and non-adaptive schemes. The
results are shown in the second figure.
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