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Abstract- We demonstrate that the fundamental capacity
scaling law of multiple-input multiple-output radio systems, being
proportional to the minimum of the number of receive and
transmit antennas, holds also for the interference-limited multi-
user multi-cell downlink scenario. It can be realized by using a
sophisticated combination of physical and medium access control
layer algorithms.

The algorithms have low complexity and require no coherent
channel state information at the transmitter. Instead, limited
feedback on the effective channel quality is provided via a low-
rate control channel. Our set of algorithms offers a fixed grid of
beams at the transmitter, where the terminals can select the best
beam set. Further, we use receivers exploiting the instantaneous
knowledge of the interference at the terminal side. A score-based
scheduler, which asymptotically reaches proportional fairness, is
used to switch adaptively between multi-user diversity and multi-
user multiplexing, in a frequency-selective manner. We provide
many insights into the synergy between these algorithms from
multi-cell simulations in a hexagonal cellular deployment.

I. INTRODUCTION
The use of multiple antennas both at the transmitting and

receiving ends of a wireless link has become increasingly
mature in recent years. The fundamental capacity gain in
the multiple-input multiple-output (MIMO) radio link, being
proportional to the minimum of the number of transmit and
receive antennas, is well understood for an isolated point-
to-point link [1]. Existing and future wireless standards, as
802.1 In, WiMax, 3G HSDPA and its long-term evolution (3G-
LTE) have built-in means for MIMO signaling.

In order to offer broadband wireless access everywhere,
MIMO transmission must be made robust in the interference-
limited scenario. However, it is not yet fully evident how the
potential capacity gains of MIMO can be realized under these
conditions. In fact, early results indicate that the capacity gain
of spatial multiplexing (SMUX) may not pay off compared
to the classical spatial diversity (SDIV) in the interference-
limited case. The additional intra-cell interference introduced
by SMUX tends to reduce the spatial degrees of freedom
to combat interference from other cells [2]. Further work
illustrated that SMUX increases peak rates close to the cell
center, while SDIV enhances the cell edge throughput. Hence,
it might be helpful to switch between these two transmission
modes, depending on the actual channel condition, as it has
been previously proposed for noise-limited environments [3]-
[7].
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Fig. 1. Assuming multiple antennas at the base station and terminal
side, respectively, SINR feedback is provided by the terminal for possible
transmission modes using a narrow band feedback channel. In addition the
best beam indices are reported to the base station.

Joint "dirty-paper" pre-equalization achieves the capacity
of the broadcast channel and it is considered as an upper
bound for multi-user transmission [8], [9]. For multi-cell
applications, however, the base station would need coherent
intra-cell channel state information, and also the inter-cell
interference must be known in advance. Unfortunately, this
information is available at the other side of the radio link. A
distant mobile terminal, measuring these quantities at vehicular
velocities in the downlink, may have limited power and
hence a limited uplink capacity to feed back such complex
information instantaneously to the base station. Consequently,
in this paper, we consider MIMO equalization at the terminal
side and feedback of post-equalization SINRs is provided.
This approach reduces bandwidth and latency requirements
for control channels.
SINR feedback is provided in a frequency selective fashion

for all possible single- and multi-stream transmission modes
as indicated in Fig. 1. The mode itself is always selected at
the base station, using a score-based scheduling algorithm.
This approach may easily be implemented and reaches the
performance of the proportional fair scheduler asymptotically
[10]. The original algorithm has been extended here to support
multiple mode transmission, see also [11]. At the terminal, the
most appropriate receiver algorithm is used.

The performance is investigated in a triple-sectored hexag-
onal cellular network, and the widely used spatial channel
model (SCME) with urban macro scenario parameters is used
[12]. This choice has been confirmed by measurements [13].
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