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Abstract

Reliable transmission of signal and energy efficiency are crucial design issues in wire-
less networks. With nodes helping each other to transmit message through multiple
independent fading paths, user cooperation reduces the probability of erroneous mes-
sage reception, improves reliability and reduces the transmit power consumption . The
requirement to transmit the source messages from multiple independent channel may
not be always be fulfilled. A conventional multihop transmission scheme is an effective
method to transmit source messages to the destination when direct connection between
source or relay nodes to the destination is not feasible or power efficient. Energy effi-
ciency in multihop or cooperative networks can be improved by choosing an appropriate
path to forward the source data at the network layer, as well as the transmit power
allocation among the nodes at the physical layer. In this thesis, we investigate the
statistical channel knowledge based energy efficient transmission schemes for multihop
networks and cooperative networks with end-to-end quality of service (QoS) constraint.
Particularly, we consider four different network setups: multihop networks with end-to-
end error probability constraint, mutihop networks with end-to-end outage probability
constraint, source-relay pairing based cooperative networks with end-to-end error prob-
ability constraint and pairwise cooperative networks with end-to-end error probability
constraint. We solve the joint route selection and power allocation problem for each of
these network setups according to two network objectives: minimizing overall transmit

power and maximizing lifetime of the networks.

For the multihop networks with end-to-end error probability constraint and outage
probability constraint setups, we propose minimum total power (MTP) strategy which

is optimal for minimizing overall transmit power consumption in the network. To max-



imize the lifetime for these network setups, we have developed two residual energy
aware joint routing and power allocation strategies: path lifetime maximization (PLM)
strategy and minimum weighted total power (MWTP) strategy. Distributed implemen-
tation for these strategies is also presented for each network setups. Simulation results
demonstrate that the MWTP and PLM strategies achieve significant network lifetime
improvement over MTP strategy. It has been shown that, at reasonably low route re-
fresh interval, the MW'TP strategy performs the best in terms of network lifetime while
at very high route refresh interval, the PLM strategy is optimal for network lifetime

maximization.

Next, we investigate the relay assignment and power allocation problems for source-
relay pairing based cooperative networks. The MTP policy aims at minimizing overall
power in the network. To maximize network lifetime, we propose group lifetime maxi-
mization (GLM) and MWTP policies. We solve the power allocation solution optimally
for each policy. Then, we solve the the optimal relay assignment for MTP and MWTP
policies using minimum weighted bipartite matching (MWBM) algorithm and optimal
relay assignment for GLM policy using bottleneck bipartite matching (BBM) algorithm.
We propose a novel minimum bottleneck bipartite matching (MBBM) algorithm to solve
the relay assignment problem optimally for GLM policy which is more power efficient
compared to the relay assignment with BBM algorithm. We further propose suboptimal
relay selection (SRS) algorithm with lower time complexity compared to the optimal
relay selection schemes. Simulation results demonstrate that with derived power al-
location solution, relay assignment with SRS algorithm has performance very close to
optimal relay assignment with bipartite graph matching strategy in terms of power
minimization and lifetime maximization. The proposed relay selection and power allo-
cation strategies based on GLM policy have better network lifetime performance over
the strategies based on MWTP policy and achieve significant lifetime improvement
over strategies based on MTP policy. We show that relay assignment based on MBBM

algorithm achieves maximum network lifetime performance.

With the aim of lifetime maximization in pairwise cooperative wireless networks, we
investigate the partner selection and power allocation problem for two different network
power management policies: GLM and MWTP. With optimal power allocation solu-

tion derived according to each policy, we show that the optimal partner selection can be

vi



obtained using the bottleneck matching (BM) algorithm and the maximum weighted
matching (MWM) algorithm for GLM and MWTP policies, respectively. Since part-
ner selection with BM algorithm is not power efficient, we propose a novel minimum
bottleneck matching (MBM) algorithm to solve the optimal partner selection problem
for GLM policy. We further propose a suboptimal partner selection (SPS) algorithm
for these policies with lower time complexity compared to the optimal partner selec-
tion schemes. Simulation results demonstrate that the proposed partner selection and
power allocation strategies based on GLM policy have better network lifetime per-
formance over the strategies based on MWTP policy and achieve significant network
lifetime improvement over conventional strategies of minimizing the total power per
transmission with and without equal power constraint. We show that partner selection
based on MBM algorithm achieves the maximum network lifetime performance and

partner selection with SPS algorithm has performance very close to it.
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