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Abstract:

The concept of cooperative transmissions in a wireless network evolved from the notion
of the relay channel and the MIMO technology. Most of the work to date has focused on
physical layer techniques (such as decode-and-forward and the like) and aimed at
characterizing the source-to-destination Information-theoretic Capacity. We take a
different view and exploit the possibility of relaying in a cognitive fashion. That is, we
sense unused resources (time-slots and/or frequency bands) and make opportunistic
use of these resources for relaying.

We consider packets and slots rather than bits and seconds and thus our approach
focuses on computing throughput, rather than capacity. In fact, we consider the realistic
and practical case of finite delays, and, hence, bursty source traffic; thus we focus on the
"stable throughput” region that can be achieved in a network with or without relaying. We
find that significant improvements can be achieved if such cooperative/cognitive
methods are used. And in fact we also consider superposing on these methods the more
familiar physical layer schemes (such as combining, decode-and-forward, etc) and show
that we can achieve, as expected, even further gains. We then look at cooperative
routing in sensor networks (a totally different concept of cooperation, again at the
network level) and identify some remarkable consequences in that case. These novel
ideas and methods are the beginning of what we call "cooperation at the network level";
the potential exists that, through such cooperation, far-reaching implications may follow
with regard to achievable transmission rates under bursty traffic conditions.
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