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Tutorial Overview

Modern wireless cellular networks have been witnessed an unprecedented evolution from classical,
centralized and homogenous architectures to a mix of heterogeneous technologies, in which the
network devices are densely and randomly deployed in a decentralized architecture. This shift in
network architecture requires network devices to become more autonomous, which causes non-
cooperative behaviors. To cooperate with one another, the need for smart and autonomic network
designs has become a central research issue in a variety of applications and scenarios. There are
examples such as next-generation heterogeneous dense cell networks, LTE-Unlicensed networks or
device-to-device communication networks in which the mobile devices must be able to interact, co-
exist, meet stringent QoS requirements, and self-adapt to uncertainties and time-varying environments.
Incorporating self-organizing capabilities in heterogeneous wireless systems motivates the development
of innovative analytical techniques, such as game theory, which is expected to play a critical role
towards deploying intelligent, distributed, and flexible networked systems in which devices can make
independent and rational strategic decisions, smartly adapting to their environment.

In this tutorial, we will concentrate on the use of resource allocation tools (such as optimization and
game theory) to analyze and design the next generation wireless networks. This tutorial will take a
comprehensive and coordinated approach in presenting the ways of performance enhancement. There
are three main objectives of presenting this tutorial:

¢ The first objective is to provide a general introduction to 5G wireless communication and
networking including the requirements for 5G communication, and the key evolutionary
techniques from physical to MAC and network layer issues, and,

* The second objective is to illustrate how such 5G paradigm will affect the design of other layers
for radio resource management with distributed solutions in the before mentioned
representative scenarios.

¢ The third objective is to present other state-of-the-art applications under the umbrella of 5G
networking schemes. This will include classifications of the different schemes and the technical
details in each scheme, such as various M2M systems, wireless network virtualization, etc.

Outline of the tutorial

o Basic of 5G Communication — presents the basics and recent progress in 5G communication
systems.
1) Background
2) Key Technologies such as Ultra Dense Cells, mmWaves, Massive MIMO, NOMA, D2D,
Full-duplex, Mobile Relay, Smart Networks, etc.

3) Working and application scenarios



o Resource Allocation — discusses the use of optimization and distributed resource allocation such
as game theory to analyze and design 5G communication networks.

1) Game theory basics
2) Non-cooperative game for D2D networks
3) Matching theory for full-duplex networks
4) Contact theory for LTE-U
5) Auction game for NOMA
6) Cooperative game for ultra dense cells

o Other Related Applications — apply the game theoretic tools into possible applications beyond 5G

communications and networks.

1) Dynamic spectrum access and sharing in M2M networks
2) Physical-layer security for D2D and relay networks
3) Scheduling and resource allocation for wireless network virtualization
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