GUEST EDITORIAL

ENERGY HARVESTING COMMUNICATIONS: PART 1
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O ver the last decade, energy harvesting has emerged
as a promising approach to enable self-sufficient

and self-sustaining operation for low-cost devices in ener-
gy-constrained networks by scavenging energy from the
ambient environment to power up devices.

In wireless sensor networks, small, wireless, autonomous
sensors usually operate at ultra-low power. If these wire-
less sensors, which spread throughout homes or factories,
in buildings or even outdoors to monitor all kinds of envi-
ronmental conditions, are powered by energy harvesting,
there are no batteries to replace and no laborious cost
associated with replacing them. As such, wireless sensor
networks can be deployed in hard-to-reach areas to pro-
vide ubiquitous coverage.

In cellular networks, energy harvesting can be used to
provide power in many elements of a telecom network,
saving considerable cost in electricity supply and providing
low maintenance monitoring. Powering base stations with
wind or solar power allows telecom networks to expand
beyond the limit of the power grid. The possibility of redis-
tribution of the renewable energy in smart grid allows fur-
ther efficient utilization, although it leads to many
challenges as well.

Another important focus of this research area is RF
energy harvesting. RF energy is currently broadcasted
from billions of radio transmitters around the world,
including mobile telephones, handheld radios, mobile base
stations, and television/ radio broadcast stations. The abili-
ty to harvest RF energy, from ambient or dedicated
sources, enables wireless charging of low-power devices
and provides significant benefits to product design, usabili-
ty, and reliability.

This Feature Topic includes 10 accepted papers, which
address a number of critical and relevant issues studied in
the emerging area of energy harvesting communications.
We hope this Feature Topic is able to help readers obtain
better understanding of some key issues in energy harvest-
ing and drive more research interest.

This Feature Topic starts with an article, “Smart RF
Energy Harvesting Communications: Challenges and
Opportunities” by Deepak Mishra et al., which explores
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various communication strategies that can complement the
RF harvesting hardware advances toward the realization of
energy harvesting communication networks.

The article “A General Utility Optimization Framework
for Energy-Harvesting-Based Wireless Communications”
by Hang Li et al. introduces a general utility optimization
framework for energy-harvesting-based wireless communi-
cation systems subject to a novel type of energy usage con-
straint.

The article “Application of Smart Antenna Technolo-
gies in Simultaneous Wireless Information and Power
Transfer,” written by Zhiguo Ding et al., proposes an
application of smart antenna technologies, MIMO and
relaying, to simultaneous wireless information and power
transfer systems, and provides some future research chal-
lenges for the design of those systems.

The article “RF-Powered Cognitive Radio Networks:
Technical Challenges and Limitations” by Lina Mohjazi et
al. presents an overview of the architecture of cognitive
radio networks that operate based on intended and unin-
tended RF energy harvesting.

The article “Provisioning Quality of Service to Energy
Harvesting Wireless Communications” by Xiaojing Chen et
al. develops a dynamic string tautening method to produce
the most energy-efficient schedule that adapts to the
bursty characteristics of wireless traffic and energy harvest-
ing.

The article “Increasing Sustainability and Resiliency of
Cellular Networks Infrastructure by Harvesting Renewable
Energy” by Andres Kwasinski et al. discusses the use of
harvested renewable energy to power cellular base stations
to reduce the carbon footprint of cellular infrastructure
and to enable the deployment of cellular service in areas
that lack electrification infrastructure.

The article “Wireless Powered Communication: Oppor-
tunities and Challenges,” written by Suzhi Bi et al., pre-
sents an overview of state-of-the-art RF enabled wireless
energy transfer technology and it applications to wireless
communications, with highlights on the key design chal-
lenges, solutions, and opportunities ahead.

The article “Fundamental Limits of Energy Harvesting
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Communications” by Omur Ozel et al. surveys recent
results in the literature and point to open problems in the
fields of communication theory, information theory, signal
processing, and networking.

The article “Enhancing Wireless Information and
Power Transfer by Exploiting Multi-Antenna Techniques,”
written by Xiaoming Chen et al., provides a tutorial on
various aspects of multi-antenna-technique-based wireless
information and power transfer, with a focus on tackling
the challenges through parameter optimization and proto-
col design.

The article “Green Delivery: Proactive Content Caching
and Push with Energy-Harvesting-Based Small Cells” by
Sheng Zhou et al. proposes a new access network frame-
work that enables efficient content delivery via energy-har-
vesting-based small cells to provide more multicast
opportunities.
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