
 
 

AIN SHAMS UNIVERSITY 
FACULTY OF ENGINEERING 

Electronics and Communication Engineering Department 
 
 
 

Link Adaptation Impact on TCP Performance in 
3G CDMA Systems 

 
 

A Thesis 
 

Submitted in Partial Fulfillment of the Requirements 
For the Degree of Philosophy of Doctor in Electrical Engineering 

(Electronics and Communication Engineering) 
 
 

Submitted By 
 

Eng. Ibraheem Mahmoud Bauomy Fayed 
 
 

Supervised By 
 

Prof. Dr. Salwa Hosein El-Ramly 
Prof. Dr. Bahnasy Mohammed Nossier 

Associate Prof. Dr. Mohsen Mohammed Tantawy 
 

Cairo – Egypt 
2010 



 
 
 
 

To the soul of my beloved father 
whom I will never forget 

 
To the soul of my beloved Professor  

Dr. Bahnassy M. Nossier  
whom I will never forget 

 
 

To my sweet lovely babies  
“Sara”, “Mahmoud”,  and “Noran” 

 
 

To my beloved wife, mother, brother and 
sisters for their help and support 

 
 



  ACKNOWLEDGMENT 

 

 

   

 
iii 

ACKNOWLEDGMENT 
 

I would like to praise GOD for his numerous gifts to me throughout the 
duration of my Ph.D. GOD has given me wisdom, strength, comfort, and 
peace when I needed them the most. 
 
I would like to present my deepest gratitude to Professor Dr. Salwa H. El 
Ramly for her precious help, valuable guidance and continuous support. 
Professor Dr. Salwa inspired me a sense of enthusiasm, optimism and 
motivation and she provided me with a lot of her wide knowledge and 
experience. Professor Dr. Salwa gave me much of her valuable time 
whenever I asked and she kept encouraging me to work harder. I am very 
lucky to have professor Dr. Salwa as my supervisor. No words can express 
my appreciation to her. I will always be very grateful to her for my whole 
life.  
 
I would like to express my heartfelt thanks to Associate Professor Dr. 
Mohsen M.  Tantawy for his inspiration, valuable guidance and his great 
efforts in supervising my thesis. Throughout my research period, he 
provided me with lots of valuable ideas and many stimulating suggestions. 
I will always appreciate his encouragement and support in our discussions. 
 
Also, I would like to present my deepest gratitude to Associate Professor 
Dr. Hesham M. Elbadawy the head of Network Planning Department for 
her precious help, valuable guidance and continuous support. Throughout 
my research period, he provided me with lots of valuable ideas and many 
stimulating suggestions. I will always appreciate his encouragement and 
support in our discussions. 
 
I would like to introduce this thesis to the name of Professor Dr. Bahnassy 
M. Nossier, God bless him.  
 
Finally, let me thank my family and my friends, who gave me help and 
support along the way. 
 
In addition, my sincere appreciations for the National Telecommunication 
Institute (NTI) for supporting, enhancing, and facilities that has been 
allowed to me throughout the course of this thesis.  
 

 



  ABSTRACT 

 

   

 
i 

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 (PT) for the TCP packets over HSDPA by using the RTO 
blocking probability (PRTO) and the buffer over flow blocking probability 
(PB) 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 
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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 PT, 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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