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ABSTRACT

ABSTRACT

HSDPA is an evolution of the third generation mobile network
standards to achieve higher bit rates. Also, HSPA+ has become one of the
promising access techniques. It enables high data rates and backward
compatibility with the deployed 3G UMTS networks.

The aim of the current work is to study, analyse, and propose some
sort of enhancements to the Transmission Control Protocol (TCP) based
services over the ongoing HSPA systems. This will be done via an
analytical modelling and its corresponding numerical solutions in different
operational conditions. The current work will focus on the effect of limited
buffer size in the Radio Network Controller (RNC) part. In addition, it will
expand its obtained results to more realistic cases such as rate adaptation in
conjunction with the Adaptive Modulation and Coding (AMC) systems.

The first contribution, in this thesis is the processing of a complete
analytical model used to evaluate the effect of TCP and the Radio Network
Sub-system (RNS) buffer size for different rate values on HSDPA network
performance. The performance will be assessed by means of the evaluation
for both of the buffer overflow probability and the Retransmission Time
Out (RTO) blocking probability. Differently from the previously published
works, a novel treatment of HSDPA performance is done by considering
the interaction between blocking and RTO probabilities.

The second contribution, is to evaluate the overall dropping
probability (Py) for the TCP packets over HSDPA by using the RTO
blocking probability (Prto) and the buffer over flow blocking probability
(Pg) that was mentioned in the first contribution. Also, the effect of rate
variation on the overall dropping probability will be evaluated. The overall
packet drop probability had been taken under investigation with respect to
the used buffer size simultaneously with the RTO constrains. In addition,
the presented thesis takes into consideration the performance enhancement
that would be done by deploying the rate adaptation mechanisms. The
interaction between RNS buffer size and the TCP layer is also investigated.
An analytical model will be derived to evaluate the overall drop probability
and the correspondence between TCP retransmission time for different
normalized air time.

Finally, the third contribution is to study the impact of deploying
AMC schemes and the effect of having practical channel models with
multipath fading over the obtained SNR and its influence over the
TCP/RTO in HSPA+ Rel’9. This will be done by estimating the overall
TCP/RTO probability via a detailed mathematical analysis. This gives a




ABSTRACT

special concern about the impact of deploying adaptive coding and
modulation schemes. In addition, this thesis investigates the effect of
multipath fading over the obtained SNR and its influence over the
TCP/RTO. The novelty of this thesis comes from the physical layer
parameters influence on the performance of the other upper layers.

The results obtained are close to the previously published results for
both of the first and the second contributions. The model confirms that the
lower the congestion rates of TCP, the higher the application service rate.
Additional insight on the HSDPA system behaviour and interactions with
RNS buffer size and TCP/RTO is provided. The presented work analyses
the HSDPA and proposes a method to select the appropriate service rate for
having minimal overall dropping probability. The results show that,
decreasing the network service rate has a significant improvement on the
overall drop probability. A small change in service rate enhances the
overall system performance by increasing the utilization of air interface. In
other words, the network performance will be more independent of the
normalized air time as the difference between the service rates decreases. In
order to get lower value of P, it is recommended to keep the normalized
air time below 50% for all values of used buffer sizes.

Key Words: TCP/RTO; probability; HSDPA performance; finite RNS
buffer size; rate adaptation; HSDPA+; modeling; AMC; and
SNR mapping techniques.
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