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Tutorial Overview
With the increasing growth of mobile access to the Internet and its services, 5G wireless networks
represent a key communication infrastructure for ubiquitous connectivity of the future. The need to
support exponential growth in data traffic as well as availability of several mobile devices (smartphones,
tablets, etc.) is leading to a sharp increase in the number and density of base station devices as well as in
their complexity, leading to a consequent increase in power usage and consumption. Indeed, high
power consumption could represent a limiting factor for the scalability and deployment of 5G wireless
networks and one of the possible causes of the cost-revenue gap depicted in the figure below:

The tutorial is aimed at providing an energy efficient perspective on the design of 5G networks, by first
introducing the 5G scenario and providing an overview of power consumption in cellular networks,
aimed at identifying the major sources of power consumption and to understand the basic tradeoffs in
energy efficient design of 5G networks.
At the beginning or during the early section of the tutorial, a questionnaire will be proposed to the
audience in order to adapt the following sections of the audience based on their expectations.
Based on the 5G scenario of heterogeneous coexisting wireless technologies, the tutorial will then target
the most relevant future and emerging technology supporting energy efficiency, and in particular:
• Physical layer design: a high percentage of power consumption in wireless networks is often
associated to the radio-frequency interface and the power amplifier. In this framework, the tutorial will
present techniques for achieving low-energy requirements via optimized coding and modulation
schemes at the transmitter, opportunistic power allocation mechanisms to exploit the randomness of
the wireless channel, and low-complexity implementations of detectors and channel estimators at the
receiver.
• Energy-neutral wireless network design: Wireless Powered Communication (WPC) is an emerging
concept, where Radio Frequency (RF) signals are exploited for information transmission and for

powering wireless devices. WPC, in particular, constitutes a key enabling technology for realizing truly
perpetual wireless networks, where energy-neutral devices may remotely harvest the energy needed for
their transmission from intended and unintended RF signals available over the air. In simple terms, WPC
broadly refers to the capability of wirelessly transmitting power from one place to another and of using
the harvested energy for subsequent information decoding and data transmission. In WPC, the
transmission of power and information, which is referred to as Wireless Power Transfer (WPT) and
Wireless Information Transfer (WIT), respectively, may occur by using either orthogonal or the same
time/frequency channels. The joint transmission of energy and information by using the same channel
and the same waveform constitutes a promising and spectrum-efficient paradigm towards the design of
energy-neutral wireless communication networks, which is referred to as Simultaneous Wireless
Information and Power Transfer (SWIPT). In the tutorial, we will introduce the fundamentals of WPC and
will propose a methodological approach for their analysis and optimization with the aid of stochastic
geometry tools. We will show that network densification and antenna-elements densification constitute
two enabling approaches for realizing WPC. Furthermore, the optimal operational point for various
cellular networks setups will be identified and discussed.
• 5G networks planning: efficient planning of 5G networks in scenarios of extremely dense coverage and
multi-owner infrastructure can enable relevant power saving. The tutorial will present how connectivity
between base stations in a cellular network can be used to shape interference and minimize power
consumption while maintaining QoS and minimizing energy consumption. Different strategies will be
proposed, able to face the issue of inter-owner interactions for overall power saving.
• 5G networks operation: previous sections of the tutorial were mostly focused on the wireless access
section of 5G networks, while also backhaul and backbone represent challenges from the point-of-view
of energy efficiency. This section of the tutorial will introduce the usage of resource and infrastructure
virtualization and Software Defined Networking as a mean for providing flexible management of the 5G
networks. Then, the usage of this paradigm will be explored in terms of energy efficiency.
• Cognitive radios and cognitive radio networks in 5G: Effective utilization of 5G spectrum is expected to
support the introduction of the concept of cognitive radios and cognitive radio networks. In this
scenario, it is crucial to understand the potential benefits and actual performance of cooperative
spectrum sensing protocols for cognitive radio networks by considering realistic channel conditions.
Both achievable performance and energy consumptions should be considered as metrics of interest in
this scenario. The tutorial will take the resource management decision in cognitive radio networks one
step beyond by including energy efficiency metrics into resource allocation decision. In detail, algorithms
and protocols will be illustrated to take into account equipment and network capabilities which enable
energy efficient, effective, fast and transparent decisions for resource allocation in a cognitive radio
context. The tutorial will also explain how to utilize the concept of cognitive radio networks to introduce
energy efficient mechanisms for exploitation of white spaces in order to enhance the potentials for
radio resource sharing by extending the concept of fairness for power control presented in resource
allocation and sharing in heterogeneous networks.
Also the vertical handover decision will be evolved by including energy efficiency into the handover
decision “equation”, by taking into account the current battery status (consumption, remaining life) in
order to meet these constrains while retaining the current QoS and QoE requirements. This will

effectively enable the mobile terminal to discover the availability of other Radio Access Technology cells
in the vicinity of the user in a multi-owner environment and to select the most appropriate to meet its
QoE requirements.
All major solutions will be analyzed and compared by offering the unique vision provided by the
combined experience of the speakers, encompassing theoretical and industrial research, advanced
research concepts and relevant testbed experiments.
At the end of the tutorial, the speakers will summarize the major points and leave time for additional
discussion involving directly the audience.
Outline of the tutorial:
1. Introduction to 5G and motivation (9:00-9:30)
a. From 4G / LTE to the 5G scenario (including traffic trends and typical operator's power
consumption breakdown)
b. Design issues in 5G
c. Focus on energy efficiency and 5G (why is energy efficiency relevant? why wireless? a
taxonomy for green wireless networking techniques (time, space, scope, method, performance)
2. Energy efficient PHY design in 5G networks (9.30-10:00)
a. Large-Scale Single-RF vs. multi-RF MIMO: The case of Spatial Modulation MIMO (SMMIMO)
b. SM-MIMO: Motivation and operating principle
c. SM-MIMO: Fundamental trade-offs (spectral vs. energy efficiency, performance vs.
complexity)
d. SM-MIMO: Experimental results and channel measurements from a testbed platform
e. SM-MIMO: Research challenges and opportunities
3. Energy-Neutral Wireless Networks Design: Motivation and Challenges (10:00-10:30+break)
a. Self-Powered Wireless Communications
b. Simultaneous Wireless Information and Power Transfer
c. System-Level Analysis and Optimization of Self-Powered Cellular Networks: A Stochastic
Geometry Approach
4. Energy efficient Infrastructure Management (10:45-11.30)
a. Base Stations Switching off Schemes in Single-operator networks
b. Base Stations Switching off Schemes in Multioperator networks
c. Base Stations Switching off Schemes in Heterogenous networks
5. Energy efficient Planning of 5G wireless networks (11:30-12:15)
a. Tradeoffs in terms of energy saving vs. performance, coverage, QoS, spectral efficiency, etc.
b. Traffic-based energy efficiency in cellular networks
c. Cellular network energy efficiency through sectorization
d. Biologically-inspired techniques for energy efficiency in cellular networks
6. Energy efficient 5G networks operation (12:15-12:35)
a. Virtualization and SDN approaches
b. Enabling SDN over 5G: an energy efficient vision

7. Energy efficient Design of 5G cognitive radio networks (12:35-12:50)
a. Green spectrum access in 5G through cognitive radio
b. Regulatory models
c. Green spectrum management
8. Final remarks, and open discussion with the audience (12:50-13:30)
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