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ABSTRACT

Quality of Service (QoS) of 4™ Generation Broadband Wireless Access (BWA) networks
is directly affected by two factors: congestion in the network caused by changes in
population density and application demand distribution; and varied attributes of network

traffic such as minimum rate and delay requirements.

The current 4G BWA specifications define QoS parameters for each type of traffic, but do
not provide QoS mechanisms including Radio Admission Control (RAC), scheduler and
congestion prevention mechanism to ensure the QoS to existing and new connections within
the network. Significant amount of research is dedicated to provide QoS and control
congestion using RAC and scheduler. Current QoS mechanisms are inadequate to deal with

network congestions and provide fairness among the traffic flows.

In this thesis, we have proposed a QoS framework and control algorithms for 4G BWA
networks, Mobile WiMAX and Long Term Evolution (LTE). The framework includes a new
load control mechanism, the Fair Intelligent Congestion Control (4G-FICC) and an
intelligent admission control, the Fair Intelligent Admission Control (4G-FIAC), based on
the QoS architecture of 4G BWA networks.

4G-FICC avoids and controls congestion at the base station of WiMAX and LTE networks,
respectively. It avoids congestion through traffic balancing, while handles congestion when
unavoidable, allocates resources fairly and minimizes resource underutilization. It estimates
fair share of bandwidth for each type of service based on its current resource utilization, QoS
constraints and load at the network. It ensures that the traffic is scheduled in a way that
fairness is guaranteed among the traffic flows, without violating the QoS requirements of

connections.

We have identified critical parameters of 4G-FICC and discuss the impact of various
settings of these parameters on the network performance. Detailed and comprehensive
simulations are performed in ns-2 and OPNET. The results show that 4G-FICC is always
active in the network, whether the network is overloaded or underutilized. It performs

extremely well in allocating resources fairly among different type of services, yet preserving



their QoS requirements in terms of throughput, delay and jitter. Furthermore, 4G-FICC is

simple to implement, robust and relatively insensitive to parameter settings.

To ensure end-to-end delay and QoS, we propose a predictive RAC, the Fair Intelligent
Admission Control for 4G networks (4G-FIAC). It admits or rejects an incoming connection
based on the resource availability and the current load in the network. The key idea is to
utilise feedback from the load control module to determine load in the network. The
proposed RAC is based on the bandwidth borrowing and degradation of over provisioned
connections in order to minimise blocking probability and maximise resource utilisation in

the network.

Therefore, 4G-FIAC along with 4G-FICC avoids congestion in the network to guarantee
QoS to end-users. Detailed and comprehensive simulations are performed in ns-2 and
OPNET to show the efficiency of the proposed RAC scheme. Extensive simulations
demonstrate that 4G-FIAC outperforms existing schemes in terms of blocking probability of

different service classes and fair resource allocation.

In this thesis, we have performed a comprehensive study of parameters that affect both the
capacity and coverage of 4G networks. It serves as a basis for designing effective QoS
schemes for dynamic and mixed distribution of services. With thorough investigation of the
impact of QoS schemes on the capacity and dimensioning of 4G networks, we have
presented a general and efficient approach for the network operators to determine the extent
to which current network configurations can effectively manage the dynamic variations in

the access and core side of the network.

Different scenarios are presented in the thesis to evaluate the effects of QoS schemes on
the capacity of the network. The results are valuable in assisting the network operators to
determine the optimum point for re-dimensioning the network to minimise cost and ensure

the QoS of connections in terms of throughput and delay.

The research results are not limited to 4G networks in particular, but can be applied to

other next generation wireless technologies, to ensure QoS to users in the covered area.
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