THIS THESIS HAS BEEN ACCEPTED FOR THE AWARD OF THE DEGREE
OF
MASTER OF ENGINEERING SCIENCE

“Signalling Requirements for Smart Pricing in Mobile Telecommunications

Systems”




SIGNALLING REQUIREMENTS FOR
SMART PRICING IN MOBILE
TELECOMMUNICATIONS SYSTEMS

Thesis submitted by

Dat Tien Vo
for the Degree of Doctor of Philosophy

September 2010
School of Electrical and Electronic Engineering

Faculty of Engineering, Computer and Mathematical Sciences

¢ T

Tt




Statement of originality

This work contains no material which has been accepted for the award of any other
degree or diploma in any university or other tertiary institution and, to the best of my
knowledge and belief, contains no material previously published or written by another
person, except where due reference has been made in the text.

I give consent to this copy of my thesis when deposited in the University Library,
being made available for loan and photocopying, subject to the provisions of the Copy-
right Act 1968.

Signed Date




Acknowledgements

First, I would like to thank my supervisors Dr Matthew Sorell and Associate Profes-
sor Michael Liebelt for their guidance and support throughout this research. It was
a sustained effort and without their commitment, the research could have not been
completed.

Second, I would like to thank Dr Andrew Coyle for pointing me to a fruitful direction
in the most critical stage of this research, for guiding me until I reached successful
outcome, and for making himself available for consulting when I needed him most. His
unconditional support will be remembered for many years to come.

Third, I would like to thank Dr Paul Chapman, Professor Lang White, Dr Andrew
Metcalfe and Dr David Green for their help or advice at the beginning of this research.
I am also grateful to have had the general support from staff in the Electrical and
Electronic Engineering School Office, particularly Rose-Marie Descalzi. 1 am thankful
to Angela Wong for proof-reading this thesis.

Fourth, I would like to thank Professor Reginald Coutts and Smart Internet Tech-
nology Cooperative Research Centre for awarding me with a scholarship. I would also
like to thank my employer, the Australian Communications and Media Authority, for
approving my leave so that I could spend time on this research at its final stage.

Finally, I would like to thank Chris Gent for believing in me during difficult situa-
tions. Without his understanding, support and effort, this research would have not even
commenced. If one doubts about the power of believing in someone, the completion of

this research is evidence.

ii



Dedication

No house can be built without a good foundation. I am lucky to have a strong and
reliable foundation from my family and wife. They are my grounding and sources of
motivation. This research has been a long journey and along the way there are many
challenges and obstacles. When encountering those, receiving the support and love
from my foundation has given me determination to finish this research. This thesis is

dedicated to my extended family - the Viens, Vos and Lees.

iii



Abstract

Smart Pricing can be classified as Dynamic Pricing and bears resemblances to Con-
gestion Pricing. It is a pricing scheme that varies prices according to the current
users’ responses to rising load. Smart Pricing is a solution to the problem of under-
utilised network resources or to accommodate growing demand within existing network
resources. All three pricing schemes necessitates signalling, however, little is known
about the signalling requirements. This thesis makes original contributions in this very

area whereby it:

e analyses the current 3G mobile telecommunications systems network architecture

and shows how Smart Pricing can be implemented;

e proposes two models for implementing Smart Pricing in 3G mobile telecommu-
nications systems. In these models, a new network element so-called Dynamic

Pricing Engine is proposed to be added;
e calculates and reports required signalling requirements for Smart Pricing; and

e cxtends the models to more advanced telecommunications systems.

The first model proposed is the Monte Carlo Stmulation model in which operation
of Smart Pricing is simulated and the required signalling is calculated. Both small
and large Smart Pricing systems! are investigated and eighteen simulation scenarios
are conducted. Highlights? of our findings are as follows. When there are more users
in the system, the bidding signalling percentage on the uplink increases but decreases
on the downlink and on links between network elements. It is not how the level of
congestion is defined, it is the user behaviours that dictate the signalling requirements
for Smart Pricing.

The second model is the State Space Analysis model, in which the Markov Chain
technique is employed. Highlights® of our findings are as follows. In the steady-state

LA Smart Pricing system is defined as a WCDMA UMTS system which adopts Smart Pricing.
2A complete set of the findings can be found in Section 3.9.
3A complete set of the findings can be found in Section 4.12.
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Abstract

condition, the maximum average signalling loads for the uplink, downlink and links be-
tween network elements can be accommodated with existing signalling system capacity.
With respect to simulation time, this model is significantly faster than the Monte Carlo
Stmulation model. It is recommended that the Dynamic Pricing Engine be collocated
with the Billing System.

Applicability of the proposed models to more advanced cellular telecommunications
systems, such as HSDPA, HSPA+ and LTE is also demonstrated. Then, estimated
average signalling loads* are reported. Finally, the models are shown to be able to
be applied in other resource-constrained and non-cellular telecommunications systems,

particularly Cognitive Radio®.

4Summary of details can be found in Section 5.6.
5Summary of details can be found in Section 6.6.
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