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Abstract

To support multimedia applications over wireless networks, sophisticated radio re-
source management mechanisms must be well designed for the challenge of diverse QoS
requirements and customized traffic characteristics. Due to the quite different character-
istics of uplink transmission and downlink transmission, call admission control is essential
in the uplink to avoid the congestion condition for each type of service and scheduling
is critical in the downlink to improve the throughput and ensure the QoS requirements
efficiently as much as possible. In this dissertation, we propose an intelligent call admis-
sion control architecture for uplink transmission and a cellular neural network and utility
(CNNU)-based scheduler for downlink to provide the differentiated QoS requirements and
customized multimedia applications.

To develop the call admission control mechanism in the uplink, the equivalent inter-
ference estimators are proposed to estimate the capacity required for a call connection
in WCDMA cellular systems. We associate the equivalent interference with the traffic
source characteristics and the radio resource defined by the power. Then, the equivalent

interference estimator in the dedicated channels and shared channels are obtained, which
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can transform traffic parameters and quality-of-service (QoS) requirements of the call
connection into a measure of resource in a unified metric, while keeping QoS requirements
of existing calls guaranteed.

Based on the equivalent interference estimator, we propose intelligent call admission
control for wideband CDMA cellular systems to support differentiated QoS requirements,
guarantee the forced termination probability of handoffs, and maximize the spectrum uti-
lization. The intelligent call admission controller (ICAC) contains a fuzzy call admission
processor to make admission decision for a call request by considering QoS measures such
as the forced termination (drop call) probability of handoff, the outage probability of all
service types, the predicted next-step existing-call interference, the link gain, and the es-
timated equivalent interference of the call request. The pipeline recurrent neural network
(PRNN) is used to accurately predict the next-step existing-call interference, and the fuzzy
logic theory is applied to estimate the new/handoff call interference based on knowledge
of effective bandwidth method. Simulation results indicate that ICAC achieves system
capacity higher than conventional CAC schemes and can cope with the unpredictable
statistical (luctuation in wireless environment; it always [ulfill QoS requirements for all
service types and keep the forced termination probability satisfied, while conventional
CAC schemes does not.

For the downlink, a cellular neural network and utility (CNNU)-based scheduler is
proposed for multimedia CDMA cellular networks supporting differentiated quality-of-
service (QoS) and variant traffic parameters. The cellular neural network is powerful for
complicated optimization problems and has been proved that it can rapidly converge to a
desired equilibrium; the utility-based scheduling algorithm can efficiently utilize the radio
resource for system and provide QoS requirements and fairness for connections. A relevant

utility function for each connection is here defined as its radio resource function further
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weighted by both a QoS requirement deviation function and a fairness compensation
function. The CNNU-based scheduler determines a radio resource assignment vector for
all connections so that the overall system utility is maximized and the system throughput
can be achieved as high as possible. At the same time, the performance measures of all
connections are kept closed to their QoS requirements in an efficient way. The simulation
results show that CNNU-based scheduler has higher system throughput and larger QoS

guaranteed region than other scheduling algorithm.
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