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ABSTRACT 

Enhanced packet-data access is a trend in third generation mobile communication 
system. WCDMA Release 5 introduces HSDPA (High Speed Packet Data Access) 
with a brand new downlink transport channel HS-DSCH (High Speed Downlink 
Shared Channel) into 3GPP specification to provide greater capacity. HS-DSCH 
supports some new feature such as fast link adaptation, fast scheduling and fast 
HARQ (hybrid ARQ) so as to increase system performance. It efficiently improves 
power utilization, shortens retransmission time and increases system throughput.  
 
The focus for this thesis is implementation and simulation of HSDPA functionality 
with ns-2. There is some previous work has been done, such as EURANE. EURANE 
is an end to end extension which adds several HSDPA modules to ns-2. This paper 
addresses the analysis of HSDPA by simulating on HS-DSCH based on EURANE, 
and extends the power consumption on HS-DSCH. 
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1 Introduction 

This chapter gives an introduction to the subject we presented. Motivation and 
description of the focus for this thesis is in section 1.1. In section 1.2 previous works 
in this area are introduced and our goal of the thesis in presented in section 1.3. 
Finally there is a reading guide in section 1.4 and some common abbreviations in 
section 1.5. 
 

1.1 Background 

With the gradual emergence of third-generation WCDMA-based cellular networks the 
wireless networking revolution continues to unfold, with the range of service rapidly 
extending from primarily speech telephony to a variety of appealing data and 
multimedia-based applications. It is anticipated that interactive and background data 
service, e.g. Internet access, remote database access, e-mail, will constitute a 
dominant share in the aggregate traffic load carried by 3G networks [2]. In order to 
support such delay-tolerant service with enhance resource efficiency and service 
quality, the Release 5 specification of UMTS standard incorporates a significant 
technological upgrade in the form of High Speed Downlink Packet Access (HSDPA). 
 
The High Speed Downlink Packet Access (HSDPA) is currently an important research 
topic to enhance the downlink performance of a WCDMA network. It is a set of 
schemes built on top of the High Speed Downlink Shared Channel (HS-DSCH), 
resulting an extremely high bit rate for a single user in the downlink [3]. The channel 
is supported by technical features: the fast scheduling, the fast link adaptation and the 
fast HARQ.  
 
With the HS-DSCH, a certain amount of the channelization codes and transmission 
power in a cell are considered a common resource that is dynamically shared among 
users in the time domain. Shared channel transmission makes more efficient use of 
available code resources [1]. As mentioned below,  
 
Ø Fast channel-dependent scheduling determines to which terminal (user equipment, 

UE) the shared channel transmission should be directed at any given moment [1]. 
The consideration of instantaneous radio-channel conditions increases the 
capacity and makes better use of resources. 

 
Ø Fast link adaptation compensates varying downlink radio conditions by means of 

rate adjustment instead of power control in Release 99. It is more efficient for 
services that tolerate short-term variations in the data rate. Besides, 16-quadrature 
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amplitude modulation (16QAM) can be used for further growth of capacity and 
data rate. 

 
Ø Fast HARQ allows the terminal to rapidly request retransmission of erroneous 

data, substantially reducing delay and increasing capacity (compared to Release 
99) [1]. During the retransmission the terminal exploits soft-combining, that 
means, it combines soft information from the previous transmission with 
retransmission to increase the probability of correct decoding. 

 
The HSDPA supports a highly efficient usage of the available resources. Therefore 
this service should be useful for transports in a more effective way than with 
dedicated channels. The comparison of performances between traditional WCDMA 
(Release 99) and the new HSDPA technology (Release 5) could be very interesting for 
researchers. We focus on the power consumption on DCH and HS-DSCH.  
 
Besides, how HSDPA supports the service quality and resource efficiency is another 
focus of our thesis. As the key mechanism of all HSDPA technologies, scheduling 
performance is our main simulation objective. Since the traffic categories are different, 
as mentioned above, we design the simulations both in continuous data traffic and 
packet data traffic. 
 
Since a mathematical analysis of a real network is difficult, proper simulations are 
preferred. Ns-2, the network simulator version 2 is chosen to support the simulations. 
It is an open source software and commonly used for evaluating and developing 
network related research. We describe it in Chapter 4. 
 

1.2 Previous Work  

Some research has already been done in this area:  
 
The EURANE (Enhanced UMTS Radio Access Network Extensions) for NS-2 
contributes the single cell environment comprises of an additional three nodes, 
namely the Radio Network Controller (RNC), Base Station (BS) and the User 
Equipment (UE), whose functionality allow for the support of HS-DSCH [4]. 
 
The simulations of HSDPA and HS-DSCH system performance have been studied and 
also the algorithms have been evaluated in some research papers. Some of them are 
described below. 
 
Ø “Common HSDPA system simulation assumptions” [5] describes assumptions for 

link and system level simulations of HSDPA in order to verify the potential 
performance gains due to the current features. 
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Ø Another current research work is “System Level simulation results of HSDPA 
estimating downlink channel quality from the transmit power of DPCH” [6]. This 
contribution presents a simulation according to the assumptions mentioned above.  

 
Ø In “Speech on HS-DSCH” [7], the examination of the possibilities with the 

speech services on an HS-DSCH and measurement on how it would affect the 
system throughput are presented. Further it reveals that transmitting speech on the 
HS-DSCH is more efficient than speech services on a DCH. 

 

1.3 Purpose of Thesis 

The goal of the thesis is to implement and simulate the HS-DSCH for WCDMA High 
Speed Downlink Packet Access in network simulator version 2. The simulation and 
implementation will be compliant with standards specified by 3GPP.  
 
The ambition of this thesis is to simulate the key details of the HSDPA in a simulator. 
We will use the EURANE to structure our communication circumstance, then 
simulate and test channel performance referencing to their transmission parameters. 
 
With time limitation the full implementation of HSDPA could not be done and hence 
parts were left out. A closer specification of which parts are included and which are 
excluded can be found in Chapter 6. 
 

1.4 Outline 

In Chapter 2 the theoretical background about UMTS is described. And HSDPA of 
3GPP standard is presented in Chapter 3. The simulator ns-2 and EURANE extension, 
which we formed our simulations upon, are emphasized in Chapter 4. Chapter 5 
focuses on the design decision and the implementation DCH power models base on 
EURANE. In Chapter 6 the simulation process and results of tests is described and 
analyzed. The conclusion of our thesis work is in Chapter 7. 
 

1.5 Abbreviation 

Some of the abbreviations used in the thesis are applied below. 

CQI Channel Quality Indicator 

DCH Dedicated Control Channel 

EURANE Enhanced UMTS Radio Access Network Extensions 
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FCDS Fair Channel-Dependent Scheduler 

FDD Frequency Division Duplex 

HARQ Hybrid Automatic Repeat Request 

HSDPA High Speed Downlink Packet Access 

HS-DSCH High Speed Downlink Shared Channel 

MAC Medium Access Control 

MCS Modulation and Coding scheme 

PDU Protocol Data Unit 

RLC Radio Link Control 

RNC Radio Network Controller 

RR Round Robin 

SDU Service Data Unit 

TDD Time Division Duplex 

TPC Transmit Power Control 

TTI Transmission Time Interval 

UE User Equipment 

UMTS Universal Mobile Telecommunication System 
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2 Universal Mobile Telecom System 

This chapter is the introduction of Universal Mobile Telecom System, UMTS. After a 
brief review of the mobile communications’ history, the UMTS architecture is 
described and gradually narrowed down to focus on RLC and MAC layers. 
 

2.1 The History of Mobile Telephony 

The starting of commercial mobile communication systems can be tracked back to 
late 1970’s. Usually we divide those systems into three generations. Today the third 
generation systems are deployed in many countries and the fourth generation of 
mobile communication systems is already under developing. The difference between 
the generations primarily has to do with the fundamental technology used (analog or 
digital) and what services they provide or are primarily designed for [5]. 
 

Early Systems 
The first rudimental examples of mobile phone systems were introduced in the 1940’s, 
and they can be viewed as evolutions of walkie-talkies. Most of those early systems 
were not cellular systems. Instead they have only one base station, normally located in 
a major city, and the phones worked within coverage of that base station. The 
transmitted power was huge compared to today’s mobile phone systems [5].  
 

First Generation 
The revolutionary concept of cellular systems were described in theory in 1947 by 
Bell Labs, but it was not turned to reality until the mid 1970’s when the experimental 
cellular systems were setup, which led to the first generation mobile phone systems 
around 1980. Most first generation mobile phone systems are pure analog systems, 
which transited directly from original wire-based telephone systems into mobile 
systems. The following is some examples of such system [5]:  
 
Ø NTT: Nippon Telephone and Telegraph Corporation. Introduced in Tokyo, Japan, 

1979. The system was very costly, and gained very little popularity.  
 
Ø TACS: Total Access Communication System. The system is based on Frequency 

Division Multiple Access, FDMA, and was introduced in Great Britain in 1980's. 
In Japan, the JTACS (J for Japanese) and NTACS (N for Narrowband) systems 
soon became strong competitors to the NTT system after introduced in 1991.  
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Ø AMPS: Advanced Mobile Phone System. This is an American system based on 
frequency modulation and FDMA. In 1979 first trials were done using this system, 
and it was commercially introduced in 1983. There is a narrowband version of 
AMPS as well, called NAMPS. 

 

Second Generation 
As opposed to the first generation, the second generation (2G) mobile phone systems 
are digital systems. The aim of 2G is to provide reliable voice communication. Speech 
coding is used to pack the sampled data, and error control coding as well as digital 
modulation techniques are used to enhance the communication quality. A few 
examples are the following [5]:  
 
Ø USDC: United States Digital Cellular is an American system based on Time 

Division Multiple Access, TDMA, introduced in 1991. It is known under several 
names, e.g. NADS (North America Digital Cellular), TDMA (from its access 
method, and IS-54 or IS-136 (standard numbers).  

 
Ø GSM: Global System for Mobile telecommunication. The system uses frequency 

hopping, combined with TDMA. It was introduced in 1990, and soon was in use 
all over Europe. The first systems used frequency bands around 900 MHz, an on 
some locations around 850 MHz. Today, the system is used world-wide, and 
bands around 1800 MHz and 1900 MHz are also used.  

 
Ø IS-95 CDMA: Code Division Multiple Access system. There are several systems 

called CDMA, all using Direct Sequence Code Division Multiple Access, 
DS-CDMA, as the access method. IS-95 is a narrow band CDMA which is 
mainly in use over North America and Korea. The frequency bands of IS-95 
CDMA are around 1800 MHz and 1900 MHz. 

 

Third Generation 
Third generation systems are being built and has just started to go commercial as this 
is written. UMTS (Universal Mobile Telecom System) or simply 3G is the name of 
those systems. They are digital systems, just as the second generation systems, but 
they are designed for general digital services. Voice communication is only one of 
those services. The following are two variants in UMTS using different access 
methods: 
 
Ø FDD mode: Wideband CDMA (WCDM). This is the European version. WCDMA 

is DS-CDMA with fairly high bandwidth. This system was introduced in various 
European countries during 2003. Note in this thesis we only discuss FDD mode. 

 
Ø TDD mode: Time Division Synchronous CDMA (TD-SCDMA). This is the 
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Chinese version, based on TDD (Time Division Duplex) and DS-CDMA. TDD 
simply means that two-way communication is achieved by time division. 

 

2.2 UMTS Architecture  

A simplified architecture of a UMTS system is shown in figure 2.1,  
 

 
Figure 2.1: UMTS Architecture 

 
UMTS general architecture consists of three components CN, UTRAN and UE, with 
the corresponding interfaces between them: 
 
CN: Core Network, which is responsible for connecting UMTS to external networks, 
provides functionalities of switching/routing calls for voice communications, and 
packet switched services for data connections. 
 
UTRAN: UMTS Terrestrial Radio Access Network is the part of a UMTS network 
which consists of one or more RNC (Radio Network Controller) and one or more 
Node B. All radio related functionalities are controlled within UTRAN. A UTRAN is 
connected with external wired networks or other UTRAN through Core Network. 
 
UE: User Equipment, the terminal of UMTS. It interfaces with radio interface of 
UTRAN and user applications.  
 

CN 

UTRAN 

UE 
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Figure 2.2 shows the intra-structure of UTRAN. The elements that compose UTRAN 
are the Radio Network Subsystems, RNS. A UTRAN contains one or more RNS, each 
of which is connected to the Core Network respectively. A RNS can be divided further 
into two entities: Radio Network Controller, RNC and Base station, which is called 
Node B in standards. One RNS contains only one RNC and one or more Node B.  
 
The RNC is responsible for the handling of radio resources of UTRAN. 
Correspondingly the Node B provides the physical radio link between the UE and the 
UTRAN. In another word, Node B is the lowest entity of UTRAN, which connects to 
the UE directly. As shown in Figure 2.2, one RNC can control several Node B. On the 
contrary, a Node B can be connected to only one RNC. 
 

 
Figure 2.2: UTRAN Architecture 

 
A RNS is responsible for the resources and transmission/reception in a group of cells. 
For each connection between a UE and the UTRAN, there exists a RNS, namely 
Serving RNS (SRNS) to control the establishment and the release of specific radio 
resources to this connection. If the connect state changes because of the move of UE, 
the connection may be handed into a different RNS, namely drifted RNS (DRNS).  
 
 
 
 
 

RNS 
 
 
   

Core Network 

RNC RNC 

Node B Node B Node B Node B 

UTRAN 

RNS 
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2.3 Reference Model of Radio Link 

A reference model is a framework for understanding significant relationships among 
the entities of some area, and for the development of consistent standards or 
specifications supporting that area. In communications, the reference models are used 
to understand and design a computer network systematically. 

2.3.1 Reference Models in General Computer Network 

Usually two types of network architectures are introduced as reference models for 
general wired network: the OSI reference model and the TCP/IP reference model. 
Both of the models have advantages and disadvantages, therefore we use the hybrid 
model of Figure 2.3 as the framework for this thesis [8]. 
 

 
Figure 2.3: hybrid reference model 

Transport Layer 

Application Layer 

Data link Layer 

Physical Layer 

Network Layer 

LLC 

MAC 
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Each layer of the hybrid reference model is described below [8]:  
 
Ø The physical layer is level one (L1) in the model of computer networking. It 

performs services requested by the data link layer. The major functions performed 
by the physical layer are: establishment and termination of a connection to a 
communications medium; participation in the process whereby the 
communication resources are effectively shared among multiple users, e.g., 
contention resolution and flow control; conversion between the representation of 
digital data in user equipment and the corresponding signals transmitted over a 
communications channel. 

 
Ø The data link layer is level two (L2) of the model. It responds to service requests 

from the network layer and issues service requests to the physical layer. The data 
link layer provides the functional and procedural means to transfer data between 
network entities and to detect and possibly correct errors that may occur in the 
Physical layer.  

 
As shown in figure 2.3, this layer is made up of two components. The first 
component is Logical Link Control (LLC). This component determines where 
one frame of data ends and when the next one starts. The second component is 
Media Access Control (MAC). This component determines who is allowed to 
access the media at any one time. 

 
Ø The network layer is the third level (L3) of the model. It responds to service 

requests from the transport layer and issues service requests to the data link layer. 
The network layer addresses messages and translates logical addresses and names 
into physical addresses. It also determines the route from the source to the 
destination computer and manages traffic problems, such as switching, routing, 
and controlling the congestion of data packets. 

 
Ø The transport layer responds to service requests from the application layer and 

issues service requests to the network layer. It provides transparent transfer of 
data between hosts and is responsible for end-to-end error recovery and flow 
control. It ensures complete data transfer. In the IP protocol Stack, this function is 
achieved by the connection oriented Transmission Control Protocol (TCP) or the 
datagram type User Datagram Protocol (UDP). The purpose of the Transport 
layer is to relieve the upper layers from any concern with providing reliable and 
cost-effective data transfer. 

 
Ø The application layer is the top layer of the model. It interfaces directly to, and 

performs common network application services for, the application processes; it 
also issues requests to the transport layer. 
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2.3.2 Protocol stack for UMTS 

Based on the hybrid model introduced in 2.3.1, the protocol stack of UMTS can be 
established as figure 2.4: 
 
 

 
Figure 2.4: UMTS reference model 

 
At the bottom of the stack, radio channels take the place of physical medium in 
physical layer. The second layer also contains two sublayers: Radio Link Control 
layer, RLC, and Medium Access Control layer MAC. The roles of these two are 
similar with LLC and MAC in the wired network, but they are more complicated and 
contain more control and error recovery mechanisms because of the huge complexity 
of the radio link. 
 
Related with L1 and L2, a new entity, Radio Resource Control, RRC is added in 
UMTS model, which can not be put into in original hybrid model. The RRC is 
responsible for managing the radio resources. 
 

TCP/UDP (L4) 

L2 

Radio (L1) 

IP (L3) 

RLC 

MAC 

UMTS Protocol Stack 

RRC 
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In UMTS the network layer protocol is IP and in transport layer protocol is TCP or 
UDP. 
 
To analyze the performance of UMTS HSDPA, which is introduced in chapter 3, 
EURANE extension for NS-2 simulator (chapter 4) are used, this extension 
implements transport channels and the RLC and MAC functions with the nodes of 
RNC, Node B and UE. Hence make it available to compose the simulation. Therefore 
we will give further discussion UMTS channels and RLC/MAC layer in the following 
section. 
 

2.4 UMTS Channels & RLC/MAC 

The contents of this section are compliant with 3rd generation partnership project 
(3GPP) standards, Release 99. The HSDPA technique in Release 5 will be discussed 
in the next chapter. 
 

Channels 
Before discussing the RLC and MAC, we first introduce the Channels in UMTS. 
There are three kinds of channels defined in UMTS in order to keep effective control 
multiplexing and demultiplexing: logical channels, transport channels and physical 
channels. The logical channels are specified by what type of data is transmitted，
through which the MAC sublayer provides services to the RLC sublayer. The physical 
layer offers services to the MAC layer via transport channels, which is determined by 
how the data is transferred. In the bottom layer, the physical channels are defined as 
the transmission media with different coding methods and carrier frequency, etc. 
Some examples of these three types of channels are given below. 
 
Ø Logical Channels: Common Control Channel (CCCH), Dedicated Control 

Channel (DCCH), Common Traffic Channel (CTCH), Dedicated Traffic Channel 
(DTCH). 

 
Ø Transport Channels: Forward Access Channel (FACH), Random Access Channel 

(RACH), Dedicated Channel (DCH), Broadcast Channel (BCH). 
 
Ø Physical Channels: Dedicated Physicals Data Channel (DPDCH), Dedicated 

Physical Control Channel (DPCCH), Physical Random Access Channel 
(PRACH). 

 
The transport channel and the logical channels exist between the UE and the RNC via 
the Node B, whereas the physical channels only exist between the UE and the Node B. 
Detail information about the channels of UMTS can be found in [11] and [18]. 
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Figure 2.5 shows the simplified protocol structure between RNC and UE, the upper 
levels are ignored. Three types of channels are also illustrated in the figure. Both UE 
and RNC are responsible to hold the functions of RLC and MAC layer, whereas the 
main function of Node B is to perform the physical layer processing. 
 

 
Figure 2.5: Protocol Architecture between RNC and UE 

 

Radio Link Control (RLC) 
The RLC protocol is active in both RNC and the UE. It implements the regular data 
link layer functionality over the WCDMA interface and provides segmentation and 
retransmission services for both user and control data [22]. Three operation modes 
can be selected by a RLC entity, which are Transparent Mode (TM), Unacknowledged 
Mode (UM) and Acknowledged Mode (AM). All the scenarios within the thesis were 
simulated with Acknowledged Mode because it is the normal RLC transfer mode for 
packet-based services. The complete description of the three transfer mode is given in 
[18]. 
 

Medium Access Control (MAC)  
In Release 99, the MAC protocol also runs in the UE and RNC entities. The MAC 
layer is responsible for selecting the appropriate transport format (TF) based on the 
data rate of the logical channels. In the MAC layer the logical channels are mapped to 
corresponding transport channels. Three logical entities are contained in the MAC 
layer [22], the detail introduction of MAC can be found in [11]: 
 
Ø MAC-b handles the Broadcast Channel (BCH). There is one MAC-b entity in 

each UE and one MAC-b in the UTRAN (located in Node B) for each cell. 
 
 
Ø MAC-c/sh handles the common channels and shared channels. There is one 

MAC-c/sh entity in each UE that is using shared channels and one in the RNC for 
each cell.  

RLC 

 

 

MAC 

 

PHY 

RLC 

 

 

MAC 

 

FP 

L1 

PHY      FP 

    L1 

RNC 

Logical Channel 

UE Node B 

Transport Channel 

Physical 
Channel 
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Ø MAC-d is responsible for handling the dedicated channels (DCH) allocated to a 
UE in connected mode. There is one MAC-d entity in the UE and one MAC-d 
entity in the RNC for each UE. 

 
In 3GPP Release 5, a new entity MAC-hs is added at Node B, we will introduce it in 
the next chapter HSDPA. 
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3 HSDPA 

Current WCDMA (Release 99) system fulfill the general requirements of voice and 
data services well by provide data transmission rates up to 2 Mbps, supports high 
speed packet switching/circuit switching and a great deal of services based on internet. 
Nevertheless the rapid expanding of bandwidth-consuming services, e.g. streaming 
media and file-sharing, bring the desire of higher bit rates and lower delay to mobile 
systems. Therefore in Release 5 specifications 3GPP focus on a new packet-based 
data service: High Speed Downlink Packet Access (HSDPA), which is also treated as 
a 3.5G technique. 
 
The main objective of HSDPA is to increase maximum user throughput for downlink 
packet data and to reduce packet delay. At the same time the system keeps enough 
compatibility, all techniques in Release 99 can also be supported in a network 
supporting HSDPA, and UE with HSDPA capability can co-exist with R99 UE on the 
same carrier. Thus in Release 5, after the introduction of HSDPA, UTRAN functional 
hierarchy is still valid, and it has no impact on RLC, only add some new parameters in 
RRC. The most remarkable change occurs on MAC sublayer, a new MAC-hs entity is 
added in Node B with several new techniques and functions. 
 
In this chapter we first describe the new features of HSDPA, give introduction to 
HARQ technique and scheduling algorithms, and then focus on HS-DSCH transport 
channel and MAC-hs entity. 
 

3.1 New Features 

To achieve the requirements of shorter delay and high throughput, three key 
techniques are added in Release 5: AMC, HARQ and fast scheduling. All of them can 
be regarded as link adaption technologies, which represent the further improvement of 
WCDMA in the fields of variable spread-spectrum and power control. 
 

3.1.1 Adaptive Modulation and Coding 

Adaptive Modulation and Coding, AMC, changes the modulation and coding format 
based on the variations of channel conditions. The main advantage of AMC is to 
increase the average throughput of the cell. 
 
Giving the instantaneous channel conditions (from the feedback of UE) and current 
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available resources, a system with AMC can choose the appropriate downlink 
modulation and coding format. When UE is in favourable positions (e.g. close to base 
station or LOS link), higher order modulation and higher code rates are assigned, such 
as 16QAM and 3/4 rate, to achieve higher peak rates. On the contrary, for UE in 
unfavourable positions (e.g. cell border), lower order modulation and lower code rates 
such as QPSK and 1/4 rate are assigned to ensure the quality of communication. 
 
In WCDMA Release 99, the system adjusts transmit power to avoid the effects of path 
fading, thus keep a relatively stable data rates for the communication. Comparatively, 
in HSDPA the fast link adaption methods take the place of power control mechanism, 
AMC technique will select corresponding data rate based on channel condition, 
therefore the interference variation is reduced. 
 

3.1.2 Hybrid Automatic Repeat reQuest 

A system with HSDPA chooses rude data rates through AMC, and then uses a new 
error control scheme, Hybrid Automatic Repeat reQuest, HARQ, technique to adjust 
the coding rates precisely, thus improves the link adaption accuracy and the efficiency 
of channel utilization.  
 
Under the radio environment, the fading effects, the interference from other users and 
channel noise have significant influence to the transmission quality. Thus, the radio 
links has higher and time varying error rates compared to the wired links. Therefore 
the proper error control schemes are imperatively required. 
 
There are two basic error control schemes, namely Automatic Repeat request, ARQ, 
and Forward Error Correction, FEC. ARQ is often applied on wired links, which 
requires the receiver to request for the retransmission of the lost/corrupted packets. 
Comparatively, FEC is adopted mainly in wireless communications, which transmits 
some redundant data, called parities, together with original data to allow 
reconstruction of lost/corrupted packets at the receiver. Nevertheless too much FEC 
redundancy will reduce the transmit efficiency, in that the scheme of Hybrid ARQ is 
introduced to combine FEC and ARQ. 
 
In a common ARQ scheme, if a received packet cannot be decoded successfully, it 
will be discarded directly and retransmission is requested. No knowledge of the 
previous transmission will be used when the retransmitted packet is received and 
decoded. Comparatively, in a HARQ scheme, the corrupted packet is not discarded 
but stored in the buffer of the receiver instead. When the retransmitted packet is 
received, it will be combined with the previous transmission of the same information 
bits, this process is called soft combining. The combined signal is then put to decode, 
if again fail in decoding, further retransmissions (up to a preset number defined by the 
system) will occur and is soft combined until the packet is decoded successfully. The 
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soft combining process of HARQ increases the possibility of a successful decoding of 
the information bits, therefore increases the transmit efficiency. 
 
There are two types of HARQ schemes defined in the 3GPP specifications: 
 
Ø Incremental Redundancy 
Ø Chase Combining 
 
During the simulations of this thesis, the HARQ scheme of chase combining is used, 
detail description of the different HARQ schemes can be found in [23]. 
 

3.1.3 Fast scheduling 

Scheduler controls the distribution of shared resources to users, which determines the 
overall behavior of the system to a large extent. Fast scheduling is applied mainly 
based on channel conditions to exploit AMC and HARQ to their maximum potential, 
and should also concern the amount of data waiting for transit and the priorities of 
services at the same time. The scheduler exploits the multi-user diversity and strives 
to transmit to users when radio conditions permit high data rates. Notwithstanding, it 
also maintains a certain degree of fairness [9].  
 
To fit the rapid variation of radio link channel conditions better, the packet scheduler 
is moved from the radio network controller (RNC) to the Node B where it has easy 
access to air interface measurements in Release 5. And a shorter 2ms transmission 
time interval (TTI), which represents the periodicity at which a data block set is 
transferred by the physical layer on the radio interface, is also introduced instead of 
10ms TTI of Release 99, to get the instantaneous channel conditions accurately. 
 
The Scheduling algorithms for WCDMA systems range from max C/I based 
scheduling, which provides the best efficient use of resources, to Round-Robin 
scheduling which keeps the best fairness for different users. Between these two 
extreme methods, a relative C/I based scheduling, which is called Fair 
Channel-Dependent scheduling, is also used base on different system services 
requirement. Below are the descriptions of the three types of scheduler respectively: 
 
Ø Round-robin scheduler (RR): the scheduler selects the user that has not been 

served for the longest time [12]. The difference and variations of channel 
conditions for each user is not concerned. 

 
Ø Maximum C/I Scheduler (Max C/I): This scheduler essentially ranks all the users 

according to their instantaneous carrier-to-interference (C/I) ratios. This scheduler 
is optimal in obtaining the maximum network throughput [13]. In this case, the 
UE in favourable positions will have the highest throughput, but system services 
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may unavailable to the users in unfavourable positions. Max C/I is a kind of 
channel-dependent scheduler since the variations of radio channel condition is 
used for scheduling. 

 
Ø Fair Channel-Dependent Scheduler (FCDS): It is a more practical scheduler 

which has a strategy that incorporates both the RR method and the Max C/I 
method, i.e. it uses variations of the radio channel conditions to improve system 
capacity while implementing a degree of fairness. Thus it can be concerned as a 
trade-off between the two extreme scheduling methods [19]. 
We introduce the following algorithm to explain their relationship: 

 
In this thesis the performance of the three scheduling methods used in HSDPA is 
tested and compared in chapter 6. 
 

3.2 HS-DSCH 

HSDPA relies on a new transport channel which is called High Speed Downlink 
shared channel (HS-DSCH). It is easy to understand that HS-DSCH can only be 
applied on packet switch domain, for HSDPA is a packet-based data service. 
 
The transport channel which carries data transfer services is the Dedicated Channel, 
DCH, in 3GPP Release 99. Compared with the DCH, the HS-DSCH has the following 
features: 
 
Ø Higher capacity 
 
Ø Reduced delay 
 
Ø Higher peak data rates 
 
Figure 3.1 shows a simple radio interface protocol architecture of HS-DSCH 
(configuration without MAC-c/sh). According to this architecture, we can see the 
RLC and MAC-d layers remain unchanged from the ones in Release 99. The most 
distinct difference is that HS-DSCH is controlled by the MAC-hs which located in 
Node B. When the data is transferred over HS-DSCH, the corresponding RLC entity 
can operate in either AM or UM mode, but not in TM mode. 
 
HS-DSCH is a pure downlink channel, therefore an associated uplink DCH is always 
created alongside the HS-DSCH to transmit related data and control information. 
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Figure 3.1: Protocol Architecture of HS-DSCH (without MAC-c/sh) [10] 

 

3.3 MAC-hs Entity 

In HSDPA, a new MAC entity with additional functionality is added and is placed in 
Node B, hence it is called MAC-hs. Two new sub-entities are included in MAC-hs, 
one is for scheduling, common functions of scheduling and priority handling in 
Release 99 are also included in this entity. The other sub-entity of MAC-hs is for 
HARQ, the MAC level retransmissions are hence operated between Node B and UE. 
 
In Release 99, the retransmissions are handled only in RLC level, thus if a received 
packet is corrupted, the retransmission is sent from UE to the RNC, via Node B, 
whereas after MAC-hs is added in Release 5, the RLC retransmission only happens 
when the limit of HARQ retransmission times is reached. This provides the advantage 
of reducing the delay for successful decoding of packet by providing a shorter 
round-trip of retransmission, since the MAC-hs is allocated in Node B. 
 
In this section the process of packet delivery is introduced, detailed views of MAC-hs 
architecture on both UTRAN and UE side are then given respectively. 

3.3.1 MAC-hs Packet Delivery 

Before discussing the packet delivery, the definitions of Service Data Unit and Packet 
Data Unit are given below:  
 
Ø A packet sent to a higher layer from current layer or received from a higher layer 

to current layer is called Service Data Unit, or SDU.  
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Ø A packet sent to a lower layer from current layer or received from a lower layer 
to current layer is called Protocol Data Unit, or PDU. 

 
If an HS-DSCH is assigned, the packets are created and delivered with the following 
steps, which are illustrated in figure 3.2: 
 
Ø First the MAC SDU will be encapsulated into MAC-d PDU in MAC-d entity.  
 
Ø These MAC-d PDU are treated as MAC-hs SDU and then are transferred from 

MAC-d to Mac-hs.  
 
Ø One or more MAC-hs SDU thus buildup a MAC-hs PDU with necessary header 

in MAC-hs entity. 
 
Ø Finally the MAC-hs PDU are delivered from MAC-hs to physical layer, one 

MAC-hs PDU can be transmitted in a TTI per UE. 
 

 
Figure 3.2: Packet change over MAC layer 

 
A MAC-hs PDU is also called a transfer block (TB). The transfer block size, i.e. how 
many MAC-hs SDU are included in a MAC-hs PDU is varied base on the value of 
Channel Quality Indicator, CQI, received instantaneously at Node B, which is sent by 
UE to indicate the estimated channel condition. A high value of CQI represents good 
channel condition, therefore the transfer block may contain more MAC-hs SDU, 
whereas a low value of CQI represents bad channel conditions and the transfer block 
will contain less SDU. 
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MAC Packet Formats 
 
After MAC-hs entity is added in Release 5, the packet formats is more complex then 
in Release 99, a new packet type MAC-hs PDU is introduced plus to the former 
MAC-d PDU. The packet formats for non-high-speed and high-speed mode are 
described below respectively in figure 3.3 and figure 3.4. 
 
Non-HS-DSCH Packet: 
 

MAC SDUC/TUE-Id

MAC header MAC SDU

TCTF UE-Id
type

 
Figure 3.3: MAC-d PDU (MAC-hs SDU) 

 
A MAC-d PDU consists of an MAC header and a MAC Service Data Unit (MAC 
SDU). 
 
HS-DSCH Packet: 
 

 

 

 

 

Queue ID TSN SID1 N1 F1 SID2 N2 F2 SIDk Nk Fk 

MAC-hs header MAC-hs SDU Padding (opt) MAC-hs SDU 

Mac-hs payload 

VF 

 
Figure 3.4: MAC-hs PDU 

Each MAC-hs PDU contains a header and one or several MAC-hs SDU. The 
definition of the header fields of MAC-d PDU and MAC-hs PDU can be found in 
[11]. 
 

3.3.2 MAC-hs Architecture, UTRAN side 

The MAC-hs is responsible for handling the data transmitted on the HS-DSCH. 
Furthermore it is responsible for the management of the physical resources allocated 
to HS-DSCH. From Figure 3.5 it can be seen that the MAC-hs on the UTRAN side 
comprises of four functional entities as described below: 
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MAC-hs 

HS-DSCH 

 TFRC selection 
 

Flow Control  
MAC-hs / MAC-c/sh or MAC-hs / MAC-d 

to MAC-c/sh or MAC-d 

HARQ 

 
Scheduling/Priority Handling 

Figure 3.5: MAC-hs architecture (UTRAN side) 
 
The flow control entity in MAC-hs is allocated between Node B and RNC, hence to 
ensure that the MAC-hs buffers always contain enough data to utilize the offered 
physical layer resources effectively, while avoiding buffer overflow as well. 
 
In the Scheduling/Priority Handling entity, the data of MAC-d flows are sorted into 
queues by the priority and the MAC-d flow it belongs to. The scheduling entity could 
then make use of these priority queues when making a scheduling decision. Under the 
control of the scheduler, one or several MAC-d PDU from one of the priority queues 
are assembled into a transfer block. A MAC-hs header, containing such things as the 
queue identity and transmission sequence number (TSN) [11], is added to form a 
transport block, or MAC-hs PDU. This transport block is then forwarded to the 
physical layer for further processing. 
 
One HARQ entity handles the hybrid ARQ functionality for one user, and there shall 
be one HARQ process per TTI. 
 
The Transport Format Resource Combination (TFRC) selection entity is responsible 
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for selecting an appropriate transport format and resource combination for the data to 
be transmitted on HS-DSCH [11]. 
 

3.3.3 MAC-hs Architecture, UE side 

Figure 3.6 shows a detailed view of the two functional entities that are found in the 
MAC-hs at the UE: HARQ and Reordering: 
 

 

MAC-hs 

To MAC-d 

HS-DSCH 

HARQ 

Reordering Reordering 

Re-ordering queue distribution 

De-assembly De-assembly 

 
Figure 3.6: MAC-hs architecture (UTRAN side) 

 
The HARQ entity is responsible for handling the HARQ process. Only one HARQ 
process will exist for each HS-DSCH per TTI and will handle all the tasks required 
for hybrid ARQ, e.g. generating ACK/NACK packets.  
 
The Re-ordering Queue distribution entity queues the successfully received data 
blocks according to their Transmission Sequence Number (TSN) and their priority 
class. One re-ordering queue entity exists for each priority class. Then the data block 
de-assembly entity will generates the appropriate MAC-d PDU flows from the 
Re-ordering queues.  
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4 Simulator  
To evaluate communication system performance, we choose ns-2 as our simulator. It 
already supported some wireless modules, but the functionality provided by those 
modules is not sufficient to simulate a radio link with UMTS HSDPA, therefore we 
utilize a contribution module EURANE of ns-2 to implement the simulation of 
HSDPA. We describe the two existing parts now and our addition is in Chapter 5. 
 

4.1 Ns-2 

Ns-2 is an event driven network simulator developed by UC Berkeley. Now it has 
been a part of VINT project. Ns-2 implements traffic behaviors, network protocols, 
routing, etc. for simulation. Because it is a open source software, during the 
development many contributions has been included from other researchers. Ns-2 has 
become a common tool for network researchers to simulate and evaluate network 
related project. 
 
Ns-2 simulator is implemented and runs with two programming languages: C++ for 
the object oriented simulator, and OTcl (an object oriented extension for Tcl [24]) 
interpreter for executing user configuration scripts before the simulation begins.  
 
There are always two corresponding hierarchies for every protocol or network objects 
implemented in ns-2, the compiled C++ hierarchy and the interpreted OTcl hierarchy 
[14]. The C++ hierarchy allows user to achieve efficiency and faster running time in 
the simulation especially for the detailed definition and operation of protocols since it 
can reduce packet and event processing time. 
 
Through the friendly interface of OTcl language, users can define a particular network 
topology, the protocols and applications that they want to simulate and the form of the 
output that they want to obtain from the simulator quickly and clearly in an OTcl 
script. A simplified user view of ns-2 is given in figure 4.1. 
 
Ns-2 is a discrete event simulator. The timing of events is maintained by the scheduler. 
In ns-2 an event is an object, e.g. a packet in the C++ hierarchy with a unique ID, a 
scheduled time and the pointer to an object handles the event. The scheduler queues 
the events to be executed in an ordered structure and triggers them one by one, 
together with the handler of the event. 
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Figure 4.1: A user view of ns-2 [15] 

 

4.1.1 Network Components 

NS network components mainly have two types of elements, the compound network 
components and the basic network components. Figure 4.2 shows a partial OTcl class 
hierarchy of basic network component in NS. A compound component contains 
several basic components with different functions, to play a complicated role during 
the simulation.  
 
On the root, NsObject class is the superclass of all basic network component objects 
that handle packets, which may compose compound network objects such as nodes 
and links. Based on the number of the possible output data paths, the basic network 
components can be further divided into two subclasses, Connector and Classifier. 
Objects belong to Connector class have only one output data path, correspondingly, 
the objects that have possible multiple output data paths are under the Classifier class. 
 
 

OTcl script OTcl interpeter 

ns simulation library 
C++ hierarchy 
event scheduler 

network component 
network setup- 

helping modules 

Simulation result 



4. Simulator 

26 

 

Figure 4.2: Partial Class Hierarchy of Basic Components in ns-2 
 
Node is one of the primary objects in ns-2. A node consists of a node entry object and 
classifiers as shown. Unicast node is the default node type in ns-2, which has an 
AddrClassifier that does unicast routing and a port classifier. A structure of unicast 
node is shown in figure 4.3. Another type of node is multicast node, which added a 
McastClassifier to unicast node, for handling multicast packets.  
 

 

Figure 4.3: Structure of Unicast Node 
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Link is another essential object to establish a network scenario for simulation. In ns a 
link object represents a single direction, simplex link. To create a duplex-link for 
simulation, two simplex links in both direction. Figure 4.4 shows how a packet is 
handled in a simplex link: 

 

Figure 4.4: Simplex Link 
 
An agent in a node can be either an active or a reactive component during network 
implementation. Links and nodes are reactive components that react to incoming 
packets and apply their behaviors to the packet. Compared to them, agents can be an 
active component. For instance, when transport agents TCP and UDP react to external 
orders for sending data, they may generate necessary packets for data transmission or 
generate connection control packets. Another example is routing agents which can 
perform dynamic route calculations. They actively generate packets and send them to 
other agents in same type to determine routes within the network. In the case of 
transport agents, they require external components to generate data to send. 
 
The function of traffic generators is to generate data in the network. It could be either 
a data source that sends data considering a traffic distribution, or a source that 
simulates an application. Two examples of the former are constant bit rate (CBR) and 
exponentially distributed traffic in terms of active and inactive sending. Two examples 
of the latter are FTP-transfer and a Telnet-connection. Traffic generators use transport 
agent to introduce data into simulated network. 
 

4.1.2 Tracing 

To analyze the result of the simulation, the traffic must be traced during the process. 
When a link is traced, the trace objects (EnqT, DeqT, DrpT and RecvT) are inserted 
within the link objects as shown in Figure 4.5. For every packet that passes a trace 
object, information about the packet is written to the specified trace file. 

Queue Delay TTL 

Agent/Null 

Node0 
Node1 

drop 
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Figure 4.5: Trace objects in a simplex Link 
 
The trace format will be examined in 4.2.6 with the modification of EURANE. 
 

4.2 EURANE 

Although ns-2 doesn’t provide appropriate modules for UTRAN/UMTS, some 
contributed work was developed such as Pablo Martin and Paula Ballester’s 
contributed modules, Alfredo Todini and Francesco Vacirca’s UMTS module for ns 
and EURANE. Within those modules EURANE [16] is the only one which provides 
the support of HS-DSCH.  
 
The simulator EURANE (Enhanced UMTS Radio Access Network Extensions for 
ns-2) is one of the main of SEACORN (Simulation of Enhanced UMTS Access and 
Core Networks) [17] , which investigates enhancements to UMTS for RAN and CN 
through simulation. EURANE is an end to end extension which adds three extra radio 
link nodes to ns-2, the Radio Network Controller (RNC), Base station (BS) and the 
User Equipment (UE). These nodes support four kinds of transport channels, include 
common channels FACH and RACH, dedicated Channel DCH, and high speed 
channel HS-DSCH. In EURANE, R99 channels, i.e. DCH, RACH and FACH, use 
standard error model provided by ns-2, for HS-DSCH, a pre-computed input power 
trace file and a block error rate (BLER) performance curve are introduced to generate 
the error model of high-speed channel. 

Queue Delay TTL 

Agent/Null 

Node0 Node1 
drop 

EnqT DeqT RcvT 

DrpT 
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4.2.1 Nodes & Link 

The Node RNC, BS and UE are all implemented from new object class, namely 
UMTSNode class. Based on different configurations, different kinds of classifiers and 
link objects are used to compose different nodes. For instance, when creating a BS 
node, bandwidth and TTI of both uplink and downlink can be set respectively. The 
most important parameter should be determined first is the node type, after that, other 
characters of this node type can be configured further. 
 
Each UMTS node has zero or more UMTS network interfaces (NIF) stacks, 
composed of objects representing different layers in the stack, the major components 
being RLC, MAC and physical layer objects. Channels are connected to the physical 
layer object in the stack. NIFs are also important for packet tracing since the common 
methods in ns-2 can not trace the traffic within radio links. 
 
Typically, NIF stacks at the UE will have all of these objects but those at the BS will 
only have MAC layer and physical/channel layer objects. At the RNC, each NIF stack 
will only be composed of one RLC layer object.  
 

4.2.2 RLC Object 

The main functionality additions to ns-2 come in the form of the RLC Acknowledged 
Mode (AM) and Unacknowledged Mode (UM), which is implemented at RNC and 
UE. The RLC entity AM is used for the Dedicated Channel (DCH) and the two 
Common channels (RACH and FACH) in acknowledged mode, correspondingly 
another RLC entity AM-hs is developed to support HS-DSCH. Unacknowledged 
mode is also supported for DCH and HS-DSCH by the subsets of AM and AM-hs, 
namely UM and UM-hs, respectively. Without indication, all simulations in this thesis 
are taken under AM. 
 

4.2.3 MAC Object 

Also on MAC layer, the implementation of MAC architectures is separated to support 
normal channels and high speed channel. The basic MAC used for the DCH and 
common channels (RACH and FACH), and the more complicated MAC-hs used for 
the HS-DSCH. 
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4.2.4 Scheduling 

Scheduling plays an important role in HSDPA, and is implemented on MAC-hs entity 
in EURANE. At every TTI the MAC-hs checks the status of the flow/priority buffers, 
and depending on the scheduling algorithm, determines which packets (and the 
amount) will be used to construct a MAC-hs PDU for transmission.  
 
We introduce two key parameters of scheduler settings here: one is the parameter 
“scheduler type” which defines the type of scheduling performed at the MAC-hs. A 
value of 1 configures Round Robin Scheduling to be used, while a value of 2 would 
configure the scheduling to be Maximum C/I. A value of 3 would set the scheduler to 
operate as Fair Channel-Dependent Scheduling (FCDS). Another parameter “alpha” 
comes from the formula in section 3.1.3. It is used when the scheduler is set to FCDS 
which defines the amount of weighting used in the algorithm. A value of 0.0 would 
equate to the Round Robin case, while a value of 1.0 would equate to the Maximum 
C/I case [21]. 
 

4.2.5 Error Model of HS-DSCH 

To implement the physical layer, EURANE uses a standard ns-2 channel object to 
connect the BS and UE. This is combined with the attachment of an error model. 
 
For DCH and common channels, a standard ns-2 error model which defines the packet 
loss rate directly is used, a slight difference with original ns-2 is the error model is 
added to the specified interface (the UMTS network interfaces, NIF, as described in 
4.2.1 on the given radio node. 
 
A more complicated transmission error model is implemented for HSDPA, this error 
model is the pre-processed out of ns-2 and consists of two parts. One is a physical 
layer simulator to generate a BLER performance curve [21], the other is an input trace 
file of received powers and CQI generated from Matlab scripts. 
 

4.2.6 Trace Format of EURANE  

General method of tracing as described in 4.1.2 is not compatible with new UMTS 
nodes, therefore a special UmtsTrace objects (class UmtsTrace derives from class 
Trace) [21] is used to trace RLC PDU (i.e. MAC-d SDU) inside the UTRAN and the 
UE. The trace format for UMTS nodes is like figure 4.6: 
 
 



4. Simulator 

31 

 
 

event time 
from 
node 

to 
node 

pkt 
type 

pkt 
size 

flags fid 
src 

addr 
dst 

addr 
seq 
num 

pkt 
id 

RLC 
seq 

Figure 4.6: trace format using UMTS nodes 
 
Ø Event: Each trace line starts with an event (+, -, d, r) descriptor, which represent 

the action of enqueue, dequeue, drop and receive of packets, respectively. 
 
Ø Time: the simulation time (in seconds) of that event. 
 
Ø From node and to node: These two fields identify the link on which the event 

occurred.  
 
Ø Pkt type and pkt size: the packet type and size in Bytes. Another modification of 

EURANE trace file format is the “pkt type” has some additional presentation to 
define the behavior of radio link. 

 
Ø Fid is the flow id of IPv6 that a user can set for each flow at the input OTcl script.  
 
Ø Src addr and dst addr are source and destination address in forms of "node.port".  
 
Ø Seq num, the network layer protocol's packet sequence number. Note that even 

though UDP implementations do not use sequence number, ns-2 keeps track of 
UDP packet sequence number for analysis purposes.  

 
Ø Pkt id shows the unique id of the packet which is the key point to trace a packet.  
 
Ø RLC seq represents RLC sequence number is an extra object which EURANE 

adds to trace RLC packets. 
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5 Implementation 

To be able to test the features of HS-DSCH, additions to EURANE extension of ns-2 
are needed. This chapter describes the design and implementation of the model of 
DCH power consumption of EURANE  
 

5.1 Design Decisions 

UMTS is a system with the integration of voice and data services. Generally the base 
station (Node B) will contain a set of different transport channels, e.g. common 
channel (FACH and RACH) for voice services, dedicated channel (DCH) and 
HS-DSCH simultaneously. Besides the power provided to common channels and 
DCH channels, the rest part can be all allocated to HS-DSCH, as shown in figure 5.1, 
thus to keep the maximum efficiency of utilization to the power of base station. In this 
case, the available power of HS-DSCH is not a constant value and varies based on the 
quantity and channel conditions of other channels within base station. 
 

 
Figure 5.1: A simplistic view of Power distribution in base station 

 
In EURANE, the input power trace files are pre-computed from Matlab scripts，to 
generate the Channel Quality Indicator, a pre-requisite parameter P_out is calculated 
with the following equation. 
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In the equation, PTx is total transmit power of base station, Iintra is the intra-cell 
interference and Iinter is the inter-cell interference. The last parameter Ploss is the total 
path loss which depends on the user’s configuration, containing the fast fading, slow 
(i.e. shadow) fading, distance loss and base station antenna gain. All parameters in 
this equation is logarithmic. Thus P_out can be regarded as instantaneous estimated 
signal to noise ratio, SNR, of the channel, and further be mapped to an appropriate 
CQI. 
 
The limitation of this formula is, however, that the base station is supposed to operate 
HS-DSCH only. Hence the available transmit power is a constant (set to 38dBm in 
EURANE Matlab scripts).  
 
It is interesting and important to explore the behavior of HS-DSCH under the 
variation of the transmit power, which is more reasonable than a constant value, and 
to observe the effects of other transport channels to HS-DSCH. Our aim is to add a 
power consumption models of DCH channels to the original Matlab process, therefore 
the available power of HS-DSCH is given by DCH power subtracting from the total 
transmit power PTx. 
 

5.2 DCH Power Model 

To introduce the DCH power consumption in EURANE, two primary parts of 
modification should be applied to the original Matlab scripts, one is the user interface 
to configure related parameters, the other part is the calculation of DCH power 
consumption per TTI and eventually the calculation of the available power for 
HS-DSCH, using the equation (5-1). 
 
During the implementation, a new script was created to provide a interface to define 
the input DCH parameters, e.g. the environment, number of DCH users, starting and 
ending time etc, and to generate DCH power trace by the given parameters. To create 
the available power trace of base station, some code in the original scripts has been 
modified. 
 
The derivation of mathematical model to generate DCH power consumption for 
simulation is given below: 
 
Suppose that a DCH channel is distributed to a user i with a certain 
carrier-to-interference ratio (CIR), γi. In a simplistic model, γi can be calculated by 
dividing the universal signal-to-interference ratio (SIR), Γ0 by the spreading factor SF, 
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which is often referred to as the processing gain PGi. 
 

i
i PG

0Γ
=γ                              (5-2) 

 
A concept of a geometry factor GFi is introduced to indicate the relation between 
interference in the own cell, Iintra,i, the external interference other base stations, Iinter,i, 
and thermal noise Ni. It is essentially the signal to noise ration between own and 
external interference 
 

i
i NI

I
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+
=

iinter,

iintra,
                          (5-3) 

 
The link attenuations consist of three components: path gain, shadow fading and 
multipath fading in increasing order of frequency content (i.e. the latter comprise most 
spatial variations of the three). Give the path gain and shadow fading gps and the 
multipath fading gmf, if the total base station power is P, then the intra-cell 
interference is 
 

mfps gPgI =iintra,                          (5-4) 

 
This is the total received power from the own base station. Since the downlink codes 
are orthogonal in an ideal situation, but affected by the receiver performance, the 
fraction α of this interference is perceived as effective interference. 
 
Concerning the average situation, assume that the geometry factor equation still holds 
if we only considering the shadow fading and path gain for the interference of own 
cell, Iintra,i. This yields 
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Finally, CIR of a user i using the power pi can be expressed as 
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The service requires a certain CIR. Combining equation (5-2) and (5-6), we can solve 
the required power pi as 
 

mfi

i
mf

i gPG
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)1(0 +Γ
=

α

                       (5-7) 

 
Each value of the equation is in linear scale, the universal signal-to-interference ratio 
Γ0 is given the fixed value of 2. Corresponding to PTx mentioned in 5.1, which is set 
to 43 dBm [25], the total transmit power P has the value of 20 (Watt). The effective 
interference α  is also set to the fix value 0.64 [22] since it is enough to have a 
appropriate result for simulation though it varies in practice. 
 
The geometry factor GFi is configurable within the integer ranging from 1 to 1000. 
Where 1 represents the worst condition, e.g. the interference power of other base 
stations is close to the interference of own cell, and 1000 represents the best condition, 
e.g. the interference power of other base stations is far less than that of own cell. 
 
The processing gain PGi, i.e. the spreading factor, of DCH channel can be associated 
with data rate Ri based on a simple model of Release 99. 
 

i
i PG

R 2048
=                               (5-8) 

 
Hence the spreading factor is determined by the choice of data rate, e.g. given the 
default value of 64 kbps, the spreading factor will be 32. Higher request of data rate 
results in lower processing gain and therefore the increase the power pi, based on 
equation (5-7). 
 
According to previous description, within the parameters in (6), PGi and GFi is 
configured by users, Γ0, P, α  are constants, the method to generate multipath fading 
gmf, which is related with the environment chosen by user, is given by original Matlab 
process. Thus the power of each pi is computed by this equation, and the sum of pi 
finally buildup the DCH power consumption. Hence the available power of the base 
station can be computed: 

∑−= iavailable pPP                      (5-9) 

 
Therefore P_out in equation (5-1) can be calculated using the logarithmic form of 
Pavailable instead of PTx. 
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5.3 Limitation 

The implementation of the DCH power consumption involves modification in Matlab 
scripts. Though it is enough for the thesis to explore the effect of power variation to 
HS-DSCH, the main limitation of the implementation is that the generated DCH 
traces cannot be associated to any DCH channels supported by EURANE or be 
controlled directly on Tcl scripts, thus lacks of flexibility to create more complex 
radio link scenarios consists of DCH and high speed channels or more DCH power 
variations, e.g. DCH channels cannot start and end respectively with different 
environments. 
 
Another limitation is that no method of restriction is developed to prevent the required 
DCH power from exceeding the total transmit power of base station, hence abnormal 
results will appear in the input trace file. This situation is prone to happen if the 
geometry factor is set to bad condition, i.e. a small value and unfavorable 
environment is chosen for DCH because the power will vibrate violently and easy to 
surpass the total base station power. 
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6 Simulations 

This chapter begins with a short introduction to the simulator and the process of 
simulations. Some assumptions are made and the simulations are implemented and 
their results are presented, for example delay distribution and throughput capacity. 
Several comparisons of HS-DSCH transmissions after the DCH power consumption 
models are applied will be made. The analysis from the simulations are summarized 
and discussed accompanied with the test results. 
 

6.1 System Simulator 

As we introduced in previous chapter, in this work an ns-2 based simulator EURANE 
was used, which simulates a HSDPA communication system with HS-DSCH 
functionalities. The communication system simulations were run for several hundreds 
of seconds, in order to reach a steady state not influenced by short time differences. 
 
The NS-2 was developed for this type of network layer studies and focus on MAC 
and RLC, where versions of these protocols are implemented for HSDPA according to 
3GPP specifications. Results of this link-level simulator are used in the network-level 
simulator by means of input trace files containing SNR levels fluctuating in time. 
Since the trace file and error model we already introduced in chapter 5, here we do 
not present anymore. 
 

6.2 The effect of DCH power over HS-DSCH 

Chapter 5 describes the implementation of DCH power consumption on EURANE, in 
this section we will analyze the performance of HS-DSCH in a system with DCH 
channels based on this model. 

6.2.1 Configuration of DCH Channel 

The method of calculating DCH power trace is introduced in 5.4. From the equation 
give in that section, three parameters determine the value of DCH power per TTI, 
which are PGi, GFi and gmf. The choice of PGi brings the base value of and the 
combination of GFi and gmf brings the variation of path-fading and SNR between 
internal and external interference.  
 
Given the same environment and DCH data rate, GFi is important to the result of 
DCH power trace. If the system is operating in good condition, SNR between internal 
and external interference is big, i.e. GFi is in high value, therefore the variation of 
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requested DCH power will be small and mild; on the contrary, with a low GFi the 
variation will be violent and sharp. Figure 6.1 and Figure 6.2 show the different result 
of the choice of GFi. 
 

 
Figure 6.1: the sum of DCH power trace with GFi=100 

 
The parameters of DCH are configured as following: 
 
Ø Environment: Pedestrian 
Ø Velocity of UE: 3km/h 
Ø Distance between Node B and the UE: 500m 
Ø Trace length: 10s 
Ø Number of DCH channels: 5 
Ø DCH Bitrate: 64kbps 
Ø DCH start time: 1s 
 
The difference of Figure 6.1 and Figure 6.2 is that geometry factors, i.e. GFi are set as 
100 and 10, respectively. The curves represent the sum of all DCH channels. GFi of 
100 results in a fine variation around to a constant, while GFi of 10 bring a much 
stronger variation and lead to a higher resource requirement obviously. 
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Figure 6.2: the sum of DCH power trace with GFi=10 
 
Generally, if the system is in a bad condition, a low data rate will be chosen to reduce 
the consumptions of power. During our simulation in the next section, a 64kbps data 
rate and a comparably high value of GFi, 100 are set. The effect of different GFi to 
HS-DSCH performance is discussed as well.  
 

6.2.2 Test Result 

To acquire a clear result for analysis, a one UE scenario of high speed channels is 
developed, a CBR traffic generator sends the packet to UE over a UDP agent. The 
Input power trace file is generated with none DCH channel, 5 DCH channels and 10 
DCH channels respectively. Different input result in different output ns-2 trace files. 
The average throughputs of HS-DSCH are calculated from the output trace files and 
are plot to compare with each other. 
 
The configurations of DCH and UE in HS-DSCH are listed below: 
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DCH (if exists): 
Ø Environment: Pedestrian 
Ø Velocity of UE: 3km/h 
Ø Distance between Node B and the UE: 500m 
Ø Trace length: 99s 
Ø Number of DCH channels: 5 
Ø DCH Bitrate: 64kbps 
Ø DCH start time: 1s 
 
UE in HS-DSCH  
Ø Environment:  Indoor/Office 
Ø Velocity of UE: 3km/h 
Ø Distance between Node B and the UE: 500m 
Ø Trace length: 100s 
Ø Number of users: 1 
 
The CBR traffic starts at 1s and ends at 90s. An ns-2 object LossMonitor is used to 
compute the packet received at UE side per 0.5s, and then average throughput is 
calculated and recorded. After simulation finishes, the figure is finally plot. 
 
Figure 6.3 and Figure 6.4 show the average HS-DSCH throughput of the system 
without DCH channels and the average HS-DSCH throughput with 5 DCH channels. 
The results come from these two scenario are almost same, which means although the 
power consumptions of DCH channels make the total available power reduce, if the 
rest of available power is still high enough, it will not affect the performance of 
HS-DSCH. 
 
In another word, the decrease of available power for DCH may lead to a lower value 
of CQI, but it is possible that the resulted Transfer Block Size (TBS) remain equal to 
the case without DCH channels: In EURANE, the CQI to Transport Block Size 
mappings are compliant with 3GPP UE categories 1-6 [20], the values of CQI higher 
than 22 are mapped with the same TBS, i.e. suppose in the case without DCH 
channels, the value of CQI may be computed as 30, correspondingly in the case with 
5 DCH channels, the value may be 24, they have the same TBS value, hence the 
performance may be quite similar with each other.  
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Figure 6.3: Throughput of the system without DCH channels 
 

 
Figure 6.4: Throughput of the system with 5 DCH channels 
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Figure 6.5: Throughput of the system with 20 DCH channels (GFi =100) 

 
Figure 6.5 shows the result of average throughput when 20 DCH channels are added. 
In this case the power consumption of DCH is higher, less power of base station are 
available for HS-DSCH, hence the affect is more distinct then that with 5 DCH. When 
CBR ends at 90s, the value of throughput is around 0.6Mbps, which is 30% less then 
the result without DCH channels (around 0.9Mbps). 
 
To explore the effect of the value of GFi, an extreme scenario with 20 DCH channels 
and GFi value of 10 (bad system condition) are simulated. Under this situation, the 
system resources are exhausted to achieve the request of DCH channels, which 
vibrate strongly during the simulation, hence very little power is reserved for 
HS-DSCH, nearly none traffic is applied on high speed channel.  
 

6.3 HS-DSCH performance 

HSDPA aims at increasing the system capacity and the users’ peak throughput from 2 
Mbps to over 10 Mbps. In this section we simulated several HSDPA communications 
to test the results its new features carry out. 
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For the HS-DSCH a fast link adaptation is applied. This involves a selection of the 
modulation and coding scheme. A bad channel condition dose not result in a higher 
transmission power, but instead prescribes another coding and modulation scheme 
[19]. The focus of HSDPA is best effort traffic, so, mainly users in favorable channel 
conditions can benefit from the higher data rate achievable through the use of 
HS-DSCH. 
 
As usual, we analyze the results of delay distribution and throughput to evaluate the 
performance of HS-DSCH. When the communication system is simulated in this 
section, the users are all HS-DSCH user. Sometime we illustrate the situation of one 
of the users to explain the transmission for individual user. 
 
A real communication system must support all traffic classes, which requires a deep 
consideration on resource management algorithm. The interesting part of the test is 
how the variation of scheduling and buffer size will influence the communication 
system. 
 
The simulations are presented from both an FTP file download using TCP and a voice 
streaming using UDP. In our simulations we use “continuous data” scenario to 
indicate the TCP traffic and “packet data” scenario to indicate UDP traffic. We select 
these two basic traffic models to simulate the real system. And it is easy to know the 
differences HSDPA performs in two models. 
 

6.3.1 Parameter Setting 

We choose the parameter assumptions as previous research used, standardized by 
3GPP specification.  
 
Though the various user environments will affect on the quality of communication, it 
is not the important character to show HS-DSCH advantages. Base on the user 
environment requirements, we can generate the input trace file in Matlab as we 
introduced in chapter 5. 
 
The parameters are configured as following: 
 
Ø Environment: Pedestrian 
Ø Velocity of UE: 3km/h 
Ø Distance between Node B and the UE: 500m 
Ø Trace length: 100s 
Ø RTT: 30ms 
Ø PDU size (for TCP): 40 bytes 
Ø CBR (for UDP): 1 Mbps 
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6.3.2 Schedulers 

In HSDPA, different control mechanisms have been specified to enable Quality of 
Service (QoS) requirements to be met. Among these, scheduling of data flows is a key 
mechanism to both provide QoS, and to optimize resource efficiency. Whereas the 
former objective is clearly the most important to the user, the latter is essential for the 
operator [19]. 
 
 
Scheduling algorithms for WCDMA systems ranging from C/I based scheduling to 
Round Robin scheduling are presented and discussed in this section. We also include 
a trade-off between the two extreme methods of scheduling: Fair Channel-Dependent 
Scheduling (FCDS). 
 
We consider both UDP and TCP data in this simulation because it is interesting to 
compare effects of different schedulers in different traffic models. Actually, TCP 
might blur the analysis as it introduces several parameters that should be tuned, which 
may affect the end-to-end delay experienced by user. For instance, the size of buffer at 
MAC-hs in BS can also influence the throughput and delay as we choose one of 
schedulers. Thus it is tricky to determine which scheduler is the best if we use TCP 
model. 
 

Continuous data 
As mentioned above, according to HS-DSCH used in TCP traffic, several parameters 
can impact the transport capacity. One of them is the buffer size in Node B, we will 
discuss this topic in next subsection. The other one is the user number, which also 
influences capabilities of schedulers. So we consider two scenarios as 4-UE and 
20-UE to observe the differences. 
 

Ø 4 UE 

In 4-UE scenario, comparison of the normalized delay does not display the 
differences of the three schedulers. Thus we just carry out the throughput of three 
schedulers as the basis of our analysis. The charts we used are in the format of 
throughput versus time. 
 
Throughput of two users among the 4 UE with three schedulers are presented in 
Figure 6.6. 
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Figure 6.6a: Throughput of UE with most favorable channel quality with three schedulers 

 

Figure 6.6b: Throughput of UE with less favorable channel quality with three schedulers 

It is evident that the three schedulers provide almost equal throughput but some time 
Max C/I gives more than the others and sometime FCDS gives the best. For user with 
most favorable long-term channel quality, Max C/I can offer the most rapidly data 
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transmission, the throughput of this user should be higher than the others (Figure 
6.6a). However, for the user with less favorable long-term channel quality may not get 
the desirable throughput (Figure 6.6b). FCDS combines MaxC/I and RR together, 
even if it can not offer the throughput to user in best channel condition as much as 
Max C/I does, it can provide more throughput than Max C/I for the other users. 
 
But RR does not offer the best throughput since it considers all users as same. That 
will take off the priority to use the high speed channel from the user with favorable 
long-term channel quality. Therefore the throughput it offered is always lower than 
the other two can provide. 
 
Figure 6.7 shows system throughputs of three scheduling algorithms. And it is clearly 
that 4 users are not enough to keep the radio channel occupied. There is an obvious 
leaning-down of the throughput curve when time passing by. It is because there are 
only 4 users and no more choice to gain the full system throughput, and the TCP 
entering backoff because of congestion makes the overall throughput continue to 
drop.  
 

 
Figure 6.7 System throughput for 4 UE with three schedulers 

 

We still can conclude that Max C/I provides a little bit better system throughput than 
the other two since it is offer the best condition channel much more throughput. But in 
total, the system throughput capacities of the three schedulers are mainly equal in the 
4-UE scenario. Therefore, for less user situations in TCP traffic, except that user 
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environments differ in many ways, operator can choose either scheduler for the 
communication. 
 

Ø 20 UE 

In realistic communication the user number should be much larger than 4, we create a 
20-UE scenario to simulate the situation of multi-user communication. As the user 
number increases, the results of scheduling algorithms affect the system turn different. 
First of all, the delay of RR increased but the others still keep lower. Because RR 
never considers user channel condition, every user gets the same priority in 
communication. The user with favorable long-term channel quality has to wait or 
queue somewhere in the link just as the user with less favorable channel quality does. 
It makes the best channel condition user transmit data as slow as it is with the worst 
channel condition. So RR is not better choice for many-user scenario in TCP traffic 
model.  

 
Figure 6.8a Delay distribution of UE 1 of 4 UE with RR 
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Figure 6.8b: Delay distribution of UE 1 of 20 UEs with RR 

 

 
Figure 6.8c: Delay distribution of UE 1 of 20 UEs with Max C/I 
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Figure 6.8d: Delay distribution of UE 1 of 20 UEs with FCDS 

 

Figure 6.8 shows the situation. The charts we used are in delay distribution (packets 
vs. delay). 
 
Here we use one of the user normalized delay as an example. The situations with 
other three users are same. Delay of one user in 4-UE scenario in Figure 6.8a is much 
lower than delay of one user in 20-UE scenario in figure 6.8b. As user number 
augmenting, the RR scheduler mechanism causes more users waiting or queuing on 
the transmission link, so the delay of individual user will increase. Comparing Figure 
6.8b, c and d we can find the other two schedulers behave much better than RR in 
delay results in 20-UE scenario, even though RR provides the equitable delay result in 
4-UE scenario. 
 
In 20-UE scenario, the throughputs the three schedulers can provide to individual UE 
are evidently not equal anymore because of different scheduling algorithms. User with 
favorable long-term channel quality can transmit data rapidly using Max C/I, but can 
not gain the same network resources when using RR. As the trade-off of the two 
scheduling methods, FCDS can offer every user the proper resources for transport.  
Compared to 4-UE scenario, the users experienced TCP backoff in 20-UE scenario is 
minority of all users, hence the dropping down of throughput does not happen (Figure 
6.9). 
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Figure 6.9: System throughput for 20 UEs with three schedulers 

 
Max C/I can offer much better system throughput than the others in the figure. Even 
though Max C/I can give the best system throughput, it just because Max C/I gives 
much higher throughput to a few users, but fails to give any throughput to the 
majority of users whose channel qualities are not good. How to determine the proper 
schedulers for realistic application is the key point to the system implementation. 
Operator should consider the user situation, service type and resources together very 
seriously. 
 

Packet data 
With gradual interesting about multimedia applications, especially for HSDPA service, 
it is necessary to test the scheduler experiences in UDP traffic. And it is better to give 
the evident distinction of the three schedulers than TCP. Most previous researches 
about schedulers in HSDPA used UDP traffic model. 
 

Ø 4 UE 

In UDP traffic model simulation, user number does not influence the simulation result 
much. We just simulated the 4-UE scenario. We also do not illustrate the normalized 
delay since it is not required using nearly same delay distributions. 
 
Figure 6.10 shows the throughput of one of the users with three schedulers. 
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Figure 6.10: Throughput of UE1 with three schedulers 
 
Obviously the Max C/I come out the most throughput capability in this scenario. This 
UE may be the one use best condition channel. While RR can provide the same 
throughput for all users, FCDS coordinates all users situation, so it can not support the 
best channel quality user as Max C/I does. 
 
In Figure 6.11, the system throughputs of the three schedulers are presented.  
 
Similarly, Max C/I offers the best system throughput than the others in UDP traffic 
model. For individual user, it also provides the best throughput to the best condition 
channel user and much lower throughput to others. 
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Figure 6.11: system throughput for 4 UEs with three schedulers 
 

Comparison 
This section we have evaluated the three scheduling algorithms EURANE provides. 
We focus on the FCDS for HSDPA, since it is introduced as a trade-off between the 
two extreme ways of scheduling: RR and Max C/I. RR scheduler takes no channel 
conditions into account; Max C/I absolutely schedules the user with the best 
instantaneous channel quality; and FCDS exploits the short-term channel variations 
while maintaining the long-term data rates. 
 
Compared the three schedulers, the FCDS provides equitable throughput as others for 
continuous data (TCP traffic). The Max C/I scheduler gives high throughput to a few 
users, but fails to offer throughput to majority of users. The RR does not work well 
with the delay increasing when user number increases. In TCP traffic, the more users 
in simulation, the less likely experiences that all users are in TCP backoff. Thus the 
more users are taken in simulation, the clearer the effects of schedulers are. 
 
The behavior for packet data (UDP traffic) model is different: compared to the Max 
C/I, the FCDS offers only a slight improvement in throughput for some users. Users 
with most favorable long-term channel quality can transmit data quickly with Max C/I, 
giving more time to users with less favorable long-term channel quality. The traffic 
model thus introduces a certain degree of fairness. The FCDS and the Max C/I 
provide almost the same throughput to the less favorable users in average, but the 
Max C/I gives the best system throughput. On the other hand, the FCDS shows 
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similar behavior in both traffic models, which is an important advantage for mixed 
traffic. In summary, the anticipated traffic situation should be carefully considered 
when choose schedulers. 
 

Table 6.1 shows the different performance of the three schedulers in this simulation. 

 

 Round Robin Max C/I FCDS 
4 UE Good Good Good Continuous 

data 20 UE Fair Excellent for few 
users; 
Bad for all the others 

Good 

Packet data Fair Excellent Good 
Table 6.1: scheduler performance 

 

6.3.3 Buffer Size 

We have discussed that there are other parameters influence how the schedulers 
behave in TCP traffic model. The sizes of buffers in RNC and Node B are interesting 
among them. When the buffer size in RNC is big enough, the data always queue in 
RNC even though TCP connection is ended, so it is not very necessary to study this 
buffer. We focus on the buffer size in MAC-hs in Node B and check how different 
schedulers affect when we adjust its size. In this section, all buffer size means the size 
of buffer in MAC-hs. 
 
In EURANE, the Node B buffer size can be changed. The default value is 250, as we 
used in all the simulations above. In our test, it is adjusted from 50 to 450, using 50 as 
a step. We continue to use the other parameter assumptions in TCP-4UE simulation. 
We parse both the delay and the system throughput and plot the delay against system 
throughput in Figure 6.12. 
 
Analyzing the figure, we can summarize how buffer size in Node B and the 
schedulers experience in TCP service. As the buffer size increasing, the system 
throughput increases. But it is a trade-off value. When buffer size increases, there are 
more data wait in Node B. It will take a long time queuing here so that the delay 
increases too. 
 
Even though all schedulers can’t drag down the increase of delay, there are some 
distinct behaviors of them.  
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Figure 6.12: User delay versus system throughput with three schedulers for TCP 
traffic. 

 
RR gives the worst performance among the three, the user delay increases more 
rapidly than the throughput. In the figure, the delay-throughput line looks like an 
exponential function. With mathematic concept, we can suggest the increase of delay 
is as twice as the increase of throughput. Thus, using RR, augmenting the buffer size 
is harmful for system with service wants fast transmission speed, but it is acceptable 
for other services don’t care speed too much, such like multimedia streaming.  
 
Max C/I displays better capability than RR. Even though its line trends the same 
direction as RR, it can provide more throughput when they cause same delay. Max C/I 
is a more optimum choice for services that don’t care about the speed than RR, with 
mild augment of buffer size. 
 
But FCDS performed better than the others. From the figure we can get, its line seems 
like a linear function, compared to the exponential one of RR. The delay and 
throughput increase equitably while buffer size increasing. When the buffer size is not 
big enough, FCDS provides the same throughput as Max C/I does, causing more 
delay in transmission. As buffer size rising, FCDS can offer better throughput without 
gain much more delay. Thus, it is important to adjust buffer size into larger when 
operator designs the scheduler as FCDS in TCP traffic. 
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7 Conclusions 

In this thesis limited HSDPA functionalities have been simulated in ns-2. A power 
consumption of DCH channels over HS-DSCH is successfully implemented and the 
scheduler mechanisms in HS-DSCH are presented and analyzed. 
 
Tests showed that the transmission mechanisms worked as expected. The power 
utilization with and without HSDPA is displayed, so does the HSDPA scheduler 
performance. We abandoned some simulation scenarios, narrowed our interested part 
down to the tests which can show the HSDPA is evolution of 3G communication 
system both for service quality and resource efficiency. 
 
The simulations about HSDPA in this thesis are far from the complete implementation 
of the 3GPP standard specified. The main limitation of the tests we taken in DCH 
power consumption is that the DCH power traces we generated is not associated with 
the DCH channel EURANE supported. While HSDPA is an improvement of 
air-interface, it could be interesting to implement HSDPA in complex wireless 
environment. And also there is the requirement of research on the other mechanisms 
such as HARQ. 
 
After discussion with today's 3G standards, some future-generation wireless networks 
are interested. Two complementing major trends are identified: seamless roaming 
between different air interfaces, leading to the Always Best Connected concept, and 
the continuous development of the current third-generation standards. HSDPA, aiming 
for peak rates in the order of 8-10 Mb/s, is described as an example of air-interface 
evolution. Fourth-generation technologies such as ad hoc networking and multi-hop 
networks are still at the research level [4]. 
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