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ABSTRACT

Fifth generation (5G) communication systems are envisioned to achieve high data rate,
provide enhanced coverage, enable higher spectral efficiency, achieve high energy ef-
ficiency, and ensure long life-time of all battery operated nodes. To achieve these am-
bitious goals, cooperative communication and energy harvesting (EH) are expected to
play major roles. EH is already emerging as an attractive option to increase lifetime of
battery operated nodes. While EH from ambient radio frequency (RF) is being consid-
ered, EH from signal transmitted by the source is the one that shows the most promise
due to its reliability. While performance of cooperative networks has been analyzed,
that of cooperative links with EH relays has received comparatively little research at-
tention. Deriving expressions for performance of such links, and optimization of their
performance is clearly of vital importance. The problem addressed in this thesis is anal-
ysis and optimization of performance of cooperative communication networks with EH

relays.

We analyze outage, throughput, ergodic rate, and symbol error rate (SER) perfor-
mance of spectrally efficient two-way relay networks with an EH relay, and show how
their performance can be optimized. We analyze performance with time-switching re-
laying (TSR) and power-splitting relaying (PSR). We present closed-form expressions
for these parameters in important cases. We show that relay location and EH parameter

need to be jointly optimized for best performance.

We then investigate throughput, ergodic rate and SER performance of cognitive un-
derlay two-way networks with a PSR based EH relay, and develop important insights
into their performance. In such networks, where both terminals transmit simultane-
ously, apportioning of the interference temperature threshold (ITL) is of importance.
We show that the ITL apportioning parameter (ITAP) and the EH parameter can be
optimized separately, and derive expressions for these. We show that an ITAP of 0.5

maximizes sum ergodic rate of such networks. In two-way networks with EH relays,
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energy can be drawn from either both sources (dual-link or DL), the one with the best
link to the relay, or any one fixed source. We analyze performance of two-way underlay

networks based on DL TSR protocol, and compare performance of different schemes.

Due to fading, the amount of energy harvested varies widely, thereby degrading
average performance of links with EH relays. We suggest a framework where a sup-
plementary battery augments energy harvested in the super capacitor. Several new op-
timization problems arise. We show how use of a small amount of battery energy can
significantly improve performance of two-hop links with EH relays. We demonstrate
that careful optimization of the EH parameter can significantly enhance throughput. For
networks with a constant throughput requirement, we show how the amount of battery
energy drawn and the EH parameter need to be carefully optimized. We show how
channel knowledge can lead to significant saving of battery energy. We then analyze
performance of two-way relays in such a framework, and study their optimizations. We
show how choosing the EH parameter based on channel knowledge can lead to higher
throughput. We demonstrate that use of channel knowledge to determine energy drawn
from the battery can lead to significant energy savings. The insights drawn as well as

the optimizations performed are of significant importance to system designers.
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