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Abstract:

The presence of multiple users in a wireless network offers an opportunity for their
cooperation leading to improved overall performance. Cooperative strategies beyond
multi-hop routing are expected to bring gains in terms of rate, coverage, reliability and
energy-efficiency. This tutorial will present fundamental coding strategies for relay
channels with and without fading. Several scenarios in which cooperation leads to
optimal performance will be shown. The tutorial will also present cooperative strategies
for networks with multiple source-destination pairs. Several methods for managing
interference, ranging from coherent cancellation to interference amplification, will be
discussed, and implications of these approaches on the design of cognitive radio networks
will be presented. The impact of cooperation to scaling laws in large networks will also
be shown. Finally, the network architectures required for cooperative communications,
and challenges to their practical realization will be discussed.

Motivation:

In recent years there has been a sharp increase in the demand for higher data rates and
better coverage. This demand, coupled with the emergence of ad-hoc networks has put
the spotlight on cooperative communications as a viable means to boost network
performance for current and future wireless networks. The traditional design of wireless
networks views the network as a set of point-to-point links. In contrast, cooperative
strategies capture the broadcast nature of the wireless multiuser channel and enable
general encoding approaches at intermediate nodes leading to improved performance.
Cooperative communications will therefore shape the design of future networks such as
ad hoc networks, cognitive radio networks, sensor networks, wireless mesh networks, and
cellular networks with relays.



Scope and Objective:

The participants will be offered a detailed description of the fundamental strategies with
insights and instances in which they can achieve capacity. It will be shown how
cooperative strategies increase rates, improve reliability and impact scaling laws in
wireless networks. Their impact on the design of future networks will be offered and
challenges will be discussed with the goal to motivate future progress in this area of
research.

Intended audience:

Researchers interested in the field of wireless communications and multiuser information
theory. Network designers interested in networking aspects of cooperative
communications and in developing cooperative protocols to implement these ideas. The
tutorial requires only basic knowledge of information theoretic quantities such as mutual
information and entropy.

Outline:

Section 1 - Introduction. Motivation: the role of cooperation in wireless networks.
Information-theoretic models for networks and underlying assumptions. Performance
metrics: network capacity region, degrees of freedom, diversity-multiplexing tradeoff,
scaling laws. Overview of cooperative schemes: relaying, feedback and conferencing.

Section 2 - Cooperative strategies. Decode-and-forward, compress-and-forward,
amplify—and-forward, linear relaying. Scenarios in which they achieve capacity. Cut-set
upper bounds.

Section 3 -Conferencing and feedback. System model. Conferencing in multi-access
and broadcast channels. Capacity results for feedback channels with and without
memory. Benefits of using feedback in networks.

Section 4 —Cooperation and cognition in networks with multiple source-destination
pairs. Cooperative strategies for the basic network - the interference channel with a relay.
Managing interference via interference forwarding. Cooperation in cognitive radio
networks. Transmitter cooperation.

Section 5 - Cooperation in fading channels. Performance metrics: diversity and
multiplexing gain, diversity-multiplexing tradeoff. Cooperative diversity. Optimal
cooperative schemes. Networks with multiple relays: virtual MIMO and clustering.

Section 6 - Cooperation in large networks. Scaling laws. Achieving the optimal
scaling via hierarchical cooperation. Coded vs. uncoded transmission. Erasure networks.

Section 7 — Summary and Challenges. Theoretical results and practical designs.
Network architecture for cooperative protocols. Impact of cooperative strategies on to
design of future wireless networks.
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Approximate time allocation for a three-hour tutorial:
Sec. 1: 35 min
Sec. 2: 35 min
Sec. 3: 20 min
Sec. 4: 35 min
Sec. 5: 20 min
Sec. 6: 20 min
Sec. 7: 15 min
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