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Tutorial Overview

In future communications systems, e.g., 5G cellular networks, the notion of centrality, in the sense
of one central controller governing the entire system, might fail to hold given the expected growth
of the number of network components, applications and users. This is basically because, at a given
point, there would be either a strong constraint to estimate the global state of the network or a lack
of centralized computing capability to process the large amount of data needed to determine the
optimal behavior of each network component. Therefore, a foreseeable and natural solution is the
decentralization of communications networks by giving autonomy either partially or entirely to some
components. This technological trend can be evidenced today by the inclusion of new devices or
infrastructure entirely detached from the control system of existing cellular networks, such as small-
cells, or network components entirely managed by end-users, e.g., ad hoc home networks based on
Wi-Fi, Bluetooth, etc. Other types of networks are typically decentralized as a central control is not
possible due to the lack of fixed infrastructure or due to their critical deployment conditions or
applications, e.g., law enforcement, disaster relief, body-area, medical instruments, space, and
indoor/outdoor commercial applications.

Feedback has been an important part of wireless networks since their very beginnings in ALOHA
style networks that relied on ACK/NACK feedback for their operation. And, of course, feedback of
partial channel state information is a key part of several aspects of current and emerging wireless
networks, including multiuser MIMO systems, coordinated multi-point, etc. However, the use of
channel-output feedback has not been widely exploited in practice, but as we shall see in this
tutorial, it presents considerable potential for improving the performance of wireless networks, and
in particular decentralized wireless networks. In general, when a transmitter receives a feedback
signal from its intended receiver, it obtains a degraded version of the sum of its own transmitted
signal and the interfering signals from other transmitters. This implies that, subject to a finite delay,
transmitters know at least partially the information transmitted by other transmitters in the
network. This induces a type of cooperation between transmitters in the sense that they share their
transmitted signals. This effect is a consequence of the broadcast nature of wireless channels, and
thus, even if this sort of cooperation is not explicitly desired by the transmitters, it incontestably
appears and strongly enlarges the set of achievable and stable transmission rates, e.g., the
equilibrium region.

More specifically, channel-output feedback allows the existence of network equilibria (in the sense
of Nash) that lie in the Pareto optimal boundary of the capacity region, e.g., the set of sum-rate
optimal transmitter-receiver configurations. Interestingly, these benefits hold even in the case in
which feedback signals are subject to additive noise. More importantly, it has been recently shown
that the set of rate pairs that are achievable and stable in the case of channel-output feedback is at
least equal to the set without feedback and can be larger.

The objectives of this tutorial are threefold:



e To highlight channel-output feedback as a promising technique for interference management in
highly densified networks, e.g., 5G communications systems.

e To show the benefits of feedback in both centralized and decentralized scenarios via very simple,
yet insightful, multi-user scenarios. For this purpose, the capacity region and equilibrium region
of the two-user interference channel is approximated using linear deterministic models and both
achievability and converse theorems are discussed.

e To identify the main challenges of the use of channel-output feedback in decentralized
networks. For this purpose, the impact of noise in the feedback links, knowledge of the
codebooks of other transmitter-receiver pairs and global network synchronization are
thoroughly discussed.
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