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Abstract

A dramatic rise in global Internet traffic has been observed in the last decade. To
cope up with this increasing trend of mobile data traffic as well as the rapid growth in the
number of communication devices, both academia as well as industry are trying to find
a ‘green’ solution to the problem. Future wireless communication systems such as fifth-
generation (5G) networks are being designed accordingly, to jointly address the aspect of
energy efficiency and spectral efficiency. The future wireless networks involve applicati-
ons like Internet of Things (IoT) and wireless sensor networks (WSN), which generally
operate in energy-constrained scenarios and hence, they require judicious use of energy.
It is not wise for these battery-limited applications to perform data transmission when the
channel is unusable to do so but when it is good enough to support a minimum data rate.
Thus it can be observed that current state of the fading wireless channel plays a crucial
role in this context. As a result, this dissertation aims at the simultaneous enhancement

of both spectral and energy efficiency of the wireless communication systems.

To this end, the first part of dissertation introduces a novel theoretical framework for
characterizing the temporally varying wireless channel. The analytical model is validated
through extensive simulation. The proposed model is then extended to define two per-
formance metrics, namely short term outage probability and short term channel capacity,
which effectively capture short-term temporal variations of the channel. An application
dependent upper bound is also proposed on the time interval over which the proposed cha-
racterization holds. Further, a non-trivial trade-off that exists between the upper bound

and quality of characterization is also accurately investigated.

The proposed channel characterization helps us estimate the amount of data transfer
possible in next few slots without requiring the channel state information (CSI) in those
slots. But this characterization does not comment on the actual CSI in those slots. On the
contrary, link-layer communication is based on the actual CSI in a particular time slot.
Hence a novel channel-aware retransmission technique, namely D-SW, is proposed in the
next chapter, that reduces chances of unnecessary probing of the channel. Simulation
results illustrate that D-SW results in significant increase in both data throughput and

energy efficiency over the existing approaches.

D-SW reduces unnecessary channel probing, but only when the channel is unusable
for data transmission. It does not do the same irrespective of channel condition. As

a result, a more generalized link-layer communication strategy cDIP is proposed in the



next chapter. cDIP reduces unnecessary probing of the channel irrespective of its current
condition. This proposed strategy essentially estimates both the waiting interval when
the channel is unusable for data transmission and the continuous transmission interval
otherwise, thus overcoming the disadvantage of D-SW. In this way cDIP avoids the use of
regular feedback packets, which leads to its enhanced performance in terms of obtaining
higher data throughput as well as energy efficiency.

We observe that even though cDIP is channel-aware in estimating the waiting and
transmission intervals, it is not able to capitalize on the CSI to the fullest. Hence we pro-
pose another channel-aware link-layer transmission strategy DF-AMC. DF-AMC, like the
conventional adaptive modulation and coding (AMC) scheme, partitions the whole CSI
range into intervals where each interval corresponds to a particular modulation scheme.
However, novelty lies in the fact that DF-AMC estimates the duration over which chan-
nel state will continue to remain in a particular interval when it currently belongs to that
interval. This not only greatly reduces the frequency of feedback packets like cDIP, but
it also allows the transmitter to make the most use of the channel by modulation scheme
variation.

DF-AMC is a communication strategy which can have a variety of applications. In
the last part, we investigate the application of the analytical framework proposed in DF-
AMC in a multichannel energy harvesting cognitive radio scenario. Here a protocol is
proposed that optimally decides when to transmit or harvest and also for how long. We
further claim that unlike the existing works, both the channel state and the primary user

characteristics need to be considered for decision making.
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