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8 1 Introduction

number of transmit and receive antennas, if the channel between each transmit—receive
antenna pair fades independently.

1.2.3 Spatial multipiexing (SM)

SM offers a linear (in the number of transmit-receive antenna pairs or min(Mg. Mr))
increase in the transmission rate (or capacity) for the same bandwidth and ith no
additional power expenditure. SM is only possible in MIMO channel [Paulraj and
Kailath, 1994; Foschini, 1996: Telatar 1999a]. In the following we discu~ the basic
principles of SM for a system with two transmit and two receive antenna . The  ncept
can be extended to more general MIMO channels.

The bit stream to be transmitted is demultiplexed into two half-rate ub- tream .
modulated and transmitted simultaneously from each transmit antenna. nd r favor-
able channel conditions, the spatial signatures of the e signal induced at th receive
antennas are well separated. The receiver, having knowledge of the channel. can dif-
ferentiate between the two co-channel signals and extract both signals. after which
demodulation yields the original sub-streams that can now be combined to yield the
original bit stream. Thus SM increases transmission rate proportionally with the number
of transmit-receive antenna pairs.

SM can also be applied in a multiuser format (MIMO-MU, also known a space
division multiple access or SDMA). Consider two users transmitting their individual
signals, which arrive at a base-station equipped with two antennas. The base-station
can separate the two signals to support simultaneous use of the channel by both users.
Likewise the base-station can transmit two signals with spatial filtering so that each
user can decode its own signal adequately. This allows a capacity increase proportional
to the number of antennas at the base-station and the number of users.

1.2.4 Interference reduction

Co-channel interference arises due to frequency reuse in wireless channels. When mul-
tiple antennas are used, the differentiation between the spatial signatures of the desired
signal and co-channel signals can be exploited to reduce the interference. Interference
reduction requires knowledge of the channel of the desired signal. However, exact
knowledge of the interferer’s channel may not be necessary.

Interference reduction (or avoidance) can also be implemented at the transmitter,
where the goal is to minimize the interference energy sent towards the co-channel users
while delivering the signal to the desired user. Interference reduction allows the use of
aggressive reuse factors and improves network capacity.

We note that it may not be possible to exploit all the leverages simultaneously due
to conflicting demands on the spatial degrees of freedom (or number of antennas). The
degree to which these conflicts are resolved depends upon the signaling scheme and
receiver design.
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