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I. INTRODUCTION

Recently, Hanly and Tse [3, 6], see also Cheng [2], have
generalized the results on the Gaussian multiple-access chan-
nel to the case where flat fading occurs which can be tracked
by both receiver and transmitter. They distinguish two cases
which they term Shannon and Delay—Limited capacity of that
channel. With Shannon capacity they refer to the case where
the capacity region expected over the fading statistics is max-
imized for constrained averaged sum power of all users. The
practically more important so—called Delay—Limited capacity
results from minimizing the sum energy of all users for fixed
rates. In the following we focus on the second case. Instead of
assuming a single receiver only we study the case of multiple
receivers since in implemented systems diversity reception is
used often. This can be caused e.g. by multiple receive anten-
nas (receiver antenna diversity) for signal separation, or by
multiple cell-site processing in cellular systems. Surprisingly,
we show that some results which are valid for the case without
diversity [4] do not generalize to the diversity model.

II. UNIQUENESS OF OPTIMUM TRANSMIT ENERGY

Considering transmission of K users to M receivers over faded
single path channels the received signal Y,,, at the mth receiver
is given as Y, = Z?:l dkmf(k + N,.. Here Xk, drm and N,
denote the 1.i.d. data symbols of the kth user, the kth user’s
path gain to the mth receiver and the additive white Gaus-
sian channel noise with power o2, respectively. The additive
channel noise 1s supposed to be independent at all receiver
sites.

Assuming perfect knowledge of the instantaneous path
gains as well as joint processing of all receivers we are in-
terested in those users’ transmit energies Fy, = £{|Xi|*}, Vk,
minimizing total transmit energy while allowing the users
to transmit reliable at required rates Ry,Vk. Mathemati-
cally, solve Eopt = min Zi‘zl E~‘k which fulfill the conditions
Yica B STV, Y X € Q),VQ C {1, K}, (see [1]).
Investigating this problem, we find for the multiple receiver
case with the definition of the kth user’s path gain vector as
di 2 (drr, ... dint)” ~ ~

Theorem: The transmit energy tuple (El,...,EK)
achieving minimum total transmit energy for a given
rate tuple (Ri,...,Rx),Rix > 0,Vk, and given chan-
nel state is unique if and only iff each pair of vec-
tors di,Vk, is not collinear, i.e. di # ~d;, Vj # k,
vEC|y=1"

Furthermore, it follows that the optimum transmit energy
tuple relies not only on the users’ path gains but also on the
required rates if multiple receivers are employed. Next, in real

1€ denotes the set of complex numbers and |z| the absolute
magnitude of z.

environments the path gains di.», are samples of continuous
random distributions in general. Therefore and because of
the above results the optimum transmit energy tuple is unique
with probability one in practical systems.

Having obtained the optimum transmit energy tuple we
face the question whether overall joint multiuser decoding or
merely single—user decoding is required.

It can be shown that like for the single receiver case rate—
splitting [5] as well as time-sharing can be employed also for
multiple receivers. So, reliable transmission at a required
rate tuple (Ri,...,Rx),Rx > 0,Vk, using a multiple—user
multiple-receiver system with given path gains and weighted
energies can be reached by means of MMSE-Equalization and
single user decoding combined with successive cancellation
via splitting the optimum transmit energy tuple <E~‘1, R EK)
into at most 2/ — 1 new (virtual) transmit energies. In addi-
tion a closed analytical solution on the virtual users’ optimum
energies can be given.

ITI. CONCLUSIONS

Investigating the transmission of multiple—users employing di-
versity reception we see that in contrast to single-receiver ap-
plications the optimum transmit energies depend not only on
the path gain vectors’” magnitudes but on their correlations
and the required rates, too. As a consequence, the decod-
ing order of the users can no longer be determined knowing
the path gains only. Finally, the optimization of transmis-
sion over bandlimited multipath—fading channels with perfect
channel state information can be treated in a similar way.
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