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capacity of the network. Power control and soft handover as important functionalities 
of a CDMA-based cellular system are investigated from the network’s capacity point 
of view.
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simulator software modeling the wideband CDMA-based UMTS FDD system is 
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power control, and soft handover parameters. High data rate users are more affected 
by the adding of the speech users than low data rate users. Inter-cell interference 
causes immense degradation in the capacity of the network. Low power control error 
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Tämän diplomityön tarkoitus on tutkia kuormitetun laajakaistaiseen 
koodijakomenetelmään perustuvan makrosoluverkon kapasiteettia. Työn tavoitteena 
on selvittää simulointien avulla, miten solukkoverkon palvelemien matkaviestinten 
käyttäjien eri tiedonsiirtonopeudet ja liikkumisnopeudet vaikuttavat järjestelmän 
kokonaiskapasiteettiin. Tehonsäädön ja samalla taajuudella olevien solujen välisen 
kanavananvaihdon toiminnallisuuksien ja parametrien vaikutuksia tutkitaan verkon 
kapasiteetin kannalta.

Tutkimus alkaa hajaspektriteknologian perusteiden ja UMTS:n {Universal Mobile 
Telecommunications System) FDD {Frequency Division Duplex) osan esittelyillä. 
Laajakaistaisen koodijakoon perustuvan verkon kapasiteetin ominaisuudet esitellään. 
Maksosoluympäristö määritellään ja sen perusominaisuudet esitellään. 
Laajakaistaista koodijakoon perustuvaa UMTS-järjestelmää mallintava 
simulointiohjelmisto kuvaillaan ennen tämän diplomityön simulointien ja tulosten 
esittelyä ja analysointia. Tämän tutkimuksen simuloinnit suoritetaan yksinkertaisessa 
esikaupunkityyppisessä makrosoluympäristössä.

Laajakaistaisen koodijakoon perustuvan järjestelmän kapasiteetti käyttäytyy hyvin 
dynaamisesti. Kapasiteetti riippuu käyttäjien jakaumasta verkossa, 
tiedonsiirtonopeuksista, liikkumisnopeudesta, häiriön määrästä ja tehonsäädön ja 
samalla taajuudella olevien solujen kanavanvaihdon parametrien valinnasta. 
Puhekäyttäjien lisäys vaikuttaa enemmän suuria tiedonsiirtonopeuksia kuin alhaisia 
tiedonsiirtonopeuksia käyttävien tilaajien palvelun laatuun. Solujen väliset häiriöt 
vaikuttavat merkittävästi verkon kapasiteettiin. Alhaiset tehonsäädön virheet eivät 
vaikuta merkittävästi hitaasti liikkuvien käyttäjien saamaan palvelun laatuun. Samalla 
taajuudella olevien solujen kanavanvaihdon kynnysarvo tulisi optimoida, jotta 
voitaisiin saavuttaa verkon suurin mahdollinen kapasiteetti ja minimoida häiriöt.
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EXPLANATION OF TERMS

Chip One bit or single symbol of a pseudo-random code.

Code A digital bit stream with noise-like characteristics. In WCDMA it

is used for channelization or scrambling.

De-spreading A process that recovers narrow-band information from a spread

spectrum signal.

Direct sequence A spreading scheme that uses a pseudo-random binary sequence

directly to modulate the information signal.

Downlink The communication link from the base station to the mobile

station.

Fast fading Rapid fluctuation of the complex envelope of the received signal 

due to reception of multiple copies of a transmitted signal, each

with different amplitude, phase, and delay.

Handover A communication channel changes to a new communication

channel without the user's intervention as the mobile station

moves from one cell to another. It may involve the assignment of

a new frequency, time slot, or spreading code depending upon the

channel access method.

IS-95 The standard applied to the proprietary narrow-band CDMA

technology developed by Qualcomm.

Near-far effect Mobile users near the serving base station may contribute so

much multiple access interference that they prevent other uplink

signals from being successfully received at the base station.

Node В A logical node responsible for transmission and reception in one

or more cells. It is also called a base station in WCDMA

systems.
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Path loss The phenomenon of decreasing received power with distance due

to reflections and diffraction around structures.

Power control Power control forces all users to transmit the minimum amount of

power needed to achieve acceptable signal quality at the base

station. Typically, it reduces the power transmitted by the users

closest to the base station, while increasing the power of the users

farthest away from the base station. Power control tries to set the

power received from all users to be equal at the base station
receiver.

RAKE A receiver technique, which uses several baseband correlators to

individually process several signal multipath components. The

correlator outputs are combined to achieve improved

communications reliability and performance.

Shadowing Slow variations in the mean envelope over a distance
corresponding to tens of wavelengths. It is caused by variations in

the local topography such as buildings, foliage, and hilly terrain.

Soft handover This type of handover is characterized by commencing
communications with a new base station on the same CDMA

frequency assignment before terminating communications with

the old base station. Softer handover occurs between two or more

cells of one base station.

Spread spectrum A communication technique that spreads a signal bandwidth over

a wide range of frequencies for transmission and then despreads it

to the original data bandwidth at the receiver.

Uplink The communication link from the mobile station to the base

station.
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1 INTRODUCTION

The field of mobile communication is and has been one of the most popular market 

segments of telecommunication business along with the Internet since the 1990s. People 

have adopted mobile phones to their daily lives. The growth of subscribers has been 

immense in many countries throughout the world. The first-generation mobile networks 

primarily built in the 1980s could not face challenges of offering subscribers high 

capacity, quality of service, or high data rate services. The second-generation digital 

mobile network, GSM (Global System for Mobile Communications), was introduced at 

the beginning of the 1990s, and CDMA IS-95 (Code Division Multiple Access) was 

developed some years later. These networks could offer improved quality and capacity 

compared to analog mobile networks. In addition, mobile data supported by some low- 

level services was introduced with a basic data rate of 9.6 kbit/s. Demands for capacity, 

quality, and data rates are continuously growing due to new subscribers and Internet- 

based data services. HSCSD (High Speed Circuit Switched Data), GPRS (General 
Packet Radio Service), and EDGE (Enhanced Data Rates for GSM Evolution) are the 

most important steps between second- and third-generation mobile communication 

networks improving data rates for mobile users. The third-generation of mobile 

communication systems such as UMTS (Universal Mobile Telecommunications 

System), will combine the Internet, mobility, and high data rates needed for high quality 

multimedia mobile services of the future.

WCDMA ( Wideband Code Division Multiple Access) and TD-CDMA (Time Division- 

Code Division Multiple Access) have been chosen as the radio transmission 

technologies for UMTS terrestrial radio access. Sonera Corporation was engaged in a 

project called UTSI, which concentrated on studying the behavior of a loaded WCDMA 

network serving various subscriber data rates. A new network simulator software was 

developed as an outcome of the project, and it was used in executing the simulations 

inthis thesis.

The purpose of this Master’s thesis was to study, as one part of the UTSI project, the 

effects of different subscriber data rates on the capacity of a simplified WCDMA-based 

UMTS FDD (Frequency Division Duplex) network in non-dynamic and dynamic

Tommi Heikkilä, Master ’s thesis, 2000
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suburban macrocell environments. There had not been earlier simulations focusing on 

the network capacity of the UMTS network with dynamic multi-service scenarios. The 

earlier studies had been either link-based simulations or capacity studies with non

dynamic users. The objective of this thesis was to find out with the help of the UTSI 
network simulator software how many subscribers using different data rates and moving 

with different speeds could be served in a suburban macrocell environment with various 

sets of network parameters. The effects of network functionalities such as power control 

and soft handover with different parameters were simulated and analyzed.

Simulation environments including base stations, antennas, subscribers, transmitter 

powers, and other parameters were created into the UTSI software. The simulation 

results achieved during this work seek to reveal those essential factors that restrict the 

network capacity. At the same time the simulation results should help in discovering 

solutions to improve the capacity of UMTS network as well as give some guidance and 
reference for WCDMA network planning. Many simulations were executed in order to 

make it possible to compare the results of various data rates and user speeds and their 

effects on the network capacity.

Chapter 2 introduces the basics of spread spectrum communication and CDMA as one 

of the most interesting application for mobile communication technology. The 
WCDMA-based UMTS FDD is revealed as one of the 3rd generation mobile 

communications system in Chapter 3. The specification is reviewed for some important 

and fundamental features such as different logical and physical channels and codes. 

Power control and handovers are also discussed as important functions in the UMTS 
FDD system. Chapter 4 defines the capacity in a WCDMA-based network, discusses 

issues that affect the capacity, and introduces the basic radio resource management 

tools. In Chapter 5, the macrocellular environment is described with its basic 

characteristics. Chapter 6 provides information about the simulator software used in this 

Master’s thesis. Aspects of environment- and the UMTS-modeling are also discussed. 

The actual simulations of Master’s thesis are introduced, and their results are analyzed 

in Chapter 7. Chapter 8 summarizes the work and the knowledge obtained from this 

capacity study. It also discusses some possible future work prospects that could be a 

worth striving for.
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2 SPREAD SPECTRUM TECHNOLOGY

Spread spectrum is a transmission method in which the signal occupies a bandwidth in 

excess of the minimum necessary to send the information. The band spread is 

accomplished by means of a pseudo-random code that is independent of the data. A 

synchronized reception with the same pseudo-random code at the receiver is used for 

de-spreading and subsequent data recovery. [1]

Originally, the spread spectrum technology has been developed for military and 

navigation purposes because it has some interesting characteristics that provide secure 

means of communication in hostile environments [2]. First of all, spread spectrum 

signals have LPI-properties (Low Probability of Interception), and cannot be easily 

detected by enemy communication equipment due to low power spectral density, even 

lower than background noise. Secondly, spread spectrum signals have efficient AJ 

(Anti-Jamming) properties to combat intentional interference trying to sabotage 

communication systems [3]. Nowadays, spread spectrum technology has also proven to 

be feasible for commercial applications especially for mobile communication systems. 

It provides an efficient multiple access method for a number of independent users 

sharing a common communication channel without external synchronization methods 

[4]. CDMA is probably the most interesting multiple access method provided by spread 

spectrum technology.

The fundamental idea of spread spectrum communication is to spread a certain 

information bandwidth, B„ over a wider transmission bandwidth, Bt. The minimum of 

the transmission bandwidth has to be wider than the information bandwidth [4]. The 

relative rate between user information and the pseudo-random code sequence can be on 

the order of tens or hundreds for commercial systems and on the order of thousands for 

military systems. Spread spectrum communications cannot be said to be an efficient 

means of utilizing bandwidth because it needs a lot of bandwidth to be efficient. On the 

other hand, the wider transmitted bandwidth offers such a low power spectral density 

that it makes the transmitted signal look like background noise in front end of a receiver 

[3]. Besides LPI and AJ capabilities spread spectrum communication systems can offer 

further advantages such as multiple access, efficient privacy, and interference rejection.
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Combining a bit stream of information with an independent pseudo-random code 

sequence by simple multiplication carries out the spreading operation. One of the main 

parameters of a spread spectrum communication system is the processing gain, Gp. It is 

the ratio of the transmitted bandwidth, Bt, and information bandwidth, B¡, as presented 

in the following equation (2-1). [5]

G
P (2-1)

Gp is also called the spreading factor. This processing gain or spreading factor 

determines the maximum number of simultaneous users or connections allowed in a 

communication system. It determines the level of protection against multipath 

interference signals and signal detection capabilities of a spread spectrum 

communication system [6]. In multipath situations the receiver observes spread 

spectrum signals summed with narrow-band interference. The processing gain 
determines the power ratio of the desired signal and interference after de-spreading. 

Higher desired signal power leads to easier detection. It can be seen that low data rates 

such as speech have high processing gain compared to high data rates.

2.1 Model of Spread Spectrum System

Figure 2-1 illustrates a simplified block diagram consisting of main elements of a spread 

spectrum communication system. The following sub-sections present basic functions of 

the main elements: channel encoder, modulator, pseudo-random code generator, 

channel, demodulator, and channel decoder.

Figure 2-1. Simplified block diagram of spread spectrum system model
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• Channel Encoder and Encoder

A binary source encoded information sequence is fed into a channel encoder adding 

redundant error detection and correction symbols into the information sequence for a 

communication system to better withstand the effects of channel impairments such as 

noise, interference, and fading. A channel decoder detects and corrects channel 

impairments with the help of redundant bits added by the channel encoder. The original 

transmitted data is recovered as output data.

• Pseudo-random Code Generator

Feedback and feedforward shift registers generate pseudo-random binary-valued 

sequences that are impressed on the transmitting signal at the modulator and removed 

from the received signal at the demodulator [3]. Generated codes such as maximal- 

length codes and Gold codes, are periodic spreading codes with noise-like properties.

• Modulator and Demodulator

The information signal should be adapted to the transmission medium by modulation 

because it can be transmitted via different media such as copper, wire, microwave, and 

optical fiber. The suitable modulation method should be selected based on the 

information to be transmitted e.g. voice, data, continuous, and bursty traffic [7]. For 

spreading modulation, various modulation techniques can be used, but usually some 

form of phase-shift keying. The modulator transforms the information to carrier signal 
suitable for propagation in the radio channel. Basically, the demodulator transforms the 

received carrier signal back to baseband signal so that the channel decoder can detect 

errors and correct them. Both the modulator- and the demodulator-module presented in 
Figure 2-1 include data and spreading modulation and up- and down-conversion of 

information signals. With digital signals data modulation is often omitted [5].

• Channel

A radio channel can be an extremely difficult transmission medium and its behavior 

cannot be predicted correctly. Interference signals, shadowing caused by buildings and 

hills, fast fading due to multipath propagation, noise, and other radio technical factors 

cause problems in the radio channel. A radio wave attenuates due to free space path loss
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and it can reflect from ground, water, and buildings, and other obstacles. Diffraction can 

occur when radio waves encounter one or multiple knife-edges or building comers. Tree 

branches, woods, and small reflectors may cause a radio wave to scatter [8]. These 

previously mentioned issues result in so-called multipath propagation. Multipath 

propagation leads to multipath delay profile, which the CDMA receiver can use 

efficiently for multipath diversity combining. The resolution of the diversity combining 

depends on the chip rate of the system. Figure 2-2 illustrates some of above mentioned 

propagation mechanisms in a mobile radio channel.

Scattering

Shadowing, NLOS

Figure 2-2. Characteristics of mobile radio channel

2.2 CDMA

Code Division Multiple Access is a modulation and a multiple access scheme based on 

the spread spectmm communication technology. It is a well-established technology 

applied to digital cellular radio and wireless communication systems in the early 1990s. 

Capacity concerns of major markets and efficient and economic wireless 

communication needs of industries were the most significant drivers for the 

development of the CDMA technology. CDMA is a method in which users share time 

and frequency allocations, and are channelized by unique assigned codes. The signals of 

different users are separated at the receiver by using a correlator that captures signal 

energy only from the desired channel. Undesired signals contribute only to noise and 

interference. Figure 2-3 illustrates the principle of CDMA multiple access method.

Tommi Heikkilä, Master's thesis, 2000
Capacity of wideband CDMA cellular network in macrocell environment 6



Frequency

User A

User В

User C
Time

Code

Figure 2-3. CDMA multiple access method

2.2.1 History

The development of the CDMA dates back to the early 1950s when different studies of 

spread spectrum technologies were started. The first era in CDMA history consisted of 

introducing basic ideas of CDMA by Claude Shannon and Robert Pierce in 1949. In 

1950 De-Rosa-Rogoff defined the direct sequence spread spectrum method, the 

processing gain equation, and a noise multiplexing idea. Price and Green filed for the 

RAKE receiver patent in 1956. In 1961 Manuski defined the near-far problem crucial 

for CDMA systems. During the 1970s several military and navigation applications were 

developed. [5]

The second CDMA era introduced studies focusing on narrow-band systems. In 1978 

Cooper and Nettleton suggested a cellular spread spectrum application. During the 

1980s Qualcomm investigated narrow-band CDMA techniques for cellular applications, 

and the result was that in 1993 the CDMA IS-95 standard was developed [5]. Compared 
to third generation CDMA systems CDMA IS-95 can be considered a narrow-band 

CDMA system with 1.2288 Mchip/s carrier chip rate. Third generation wideband 

systems use higher chip rates. For example, in UMTS FDD the chip rate of 3.84 

Mchip/s is employed leading to higher possible data rates.
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2.2.2 Principle

Figure 2-4 shows the multiple access capability of a CDMA communication system. 

Two users are sending simultaneously narrow-band information signals having the same 

bandwidth B¡. Both narrow-band signals are spread with a user specific and unique code 

having sufficiently low cross-correlation with the other user’s code. After spreading the 

two signals are transmitted into a radio channel having the same bandwidth, Bt. In the 

radio channel the two signals are mixed and exposed to impairments. The signals cannot 

be distinguished from each other and from background noise due to their low powers 

achieved by the spreading. At the receiver the desired narrow-band information signal 

can be extracted or de-spread by a replica of the spreading code used in transmitter for a 

particular user. Signals for other users are not de-spread; they are spread more.

Narrowband signal After spreading Channel After despreading

Figure 2-4. CDMA multiple access principle

2.3 Summary

This chapter has introduced the history and principles of the spread spectrum 

communication method and revealed some important characteristics and advantages. 

Also a simplified system model was explained for the reader to understand basics of the 

spread spectrum method. CDMA technology was presented as an application of the 

spread spectrum communication. Principles and characteristics of CDMA were also 

presented to the reader to help better understand the following chapter dealing with the 

third generation system, UMTS FDD, based on the new WCDMA technology.
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3 WCDMA-BASED UMTS FDD

During the 1990s several intensive studies of wideband CDMA techniques based on 

5 MHz bandwidth were executed throughout the world. The wideband CDMA era 

started in 1995 driven by projects such as FRAMES {Future Radio Wideband Multiple 
Access System) trying to develop third-generation wireless communication systems [5].

FRAMES was a project in ACTS {Advanced Communication Technologies and 

Services) program funded by European Commission. The FRAMES project brought 

together a number of talented individuals from several companies, laboratories, and 

universities such as Nokia, Ericsson, Siemens, CNET, Chalmers University of 

Technology, and University of Oulu. It investigated hybrid multiple access technologies 

in order to select the best combination as basis for further detailed development of the 

UMTS radio access system. The objective was to find a single air interface proposal for 

ETSI {European Telecommunications Standards Institute). There were 13 air interface 

proposals, and Nokia was the only one to bring a WCDMA proposal. The next phase 

included development and evaluation of the air interface proposals. The output was an 

air interface with two modes FMA1 {FRAMES Multiple Access) and FMA2. FMA1 

included wideband TDMA {Time Division Multiple Access) and TD-CDMA, and FMA2 

included WCDMA.

Figure 3-1. FRAMES project time line
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In 1997 the air interface proposal was given to ETSI, and five concept groups were 

formed: WCDMA, Wideband TDMA, TD-CDMA, OFDMA (Orthogonal Frequency 

Division Multiple Access), and ODMA (Opportunity Driven Multiple Access). In 

January 1998 the final selection of the radio transmission technology for UTRA (UMTS 

Terrestrial Radio Access) was done by ETSI. According to the decision WCDMA was 

adopted in paired UMTS FDD bands which were 1920 - 1980 MHz for uplink and 2110 

- 2170 MHz for downlink. TD-CDMA was adopted for unpaired UMTS TDD (Time 

Division Duplex) bands which were 1900 - 1920 MHz and 2010 - 2025 MHz. The 

objectives were to provide low cost terminals, to ensure harmonization with GSM, and 

to provide FDD and TDD compatible dual-mode terminals. A minimum needed 

spectrum allocation for the UMTS FDD system was determined to be two times 5 MHz.

3GPP (3rd Generation Partnership Project) was created in 1998 to reach a single 

standard. Global technology selection was almost identical and work was done in 

various places and required overlapping resources. There was a desire to combine 

efforts because identical standards are difficult to achieve when they are done parallel in 
several forums. The commercialization of the WCDMA-based UMTS FDD system is 

expected to start during year 2001.

3.1 UTRAN Elements

Figure 3-2 presents the architecture of UTRAN (UMTS Terrestrial Radio Access 

Network) [9]. The UTRAN consists of a set of RNSs (Radio Network Subsystem) 

connected to the Core Network through Iu interfaces. The RNS is either a full network 

or only the access part of a UMTS network offering the allocation and the release of 

specific radio resources to establish means of connection between a mobile station and 

the UTRAN. One RNS consists of one RNC (Radio Network Controller) and one or 

more Node Bs. The RNC in the RNS is in charge of controlling the use and the integrity 
of the radio resources with load and admission control algorithms. Inside the UTRAN, 

the RNCs of different RNSs can be interconnected together through Iur interfaces. L can 

be conveyed over direct physical connection between RNCs or virtual networks using 
any suitable transport network. A Node В also called a base station is a logical node 

responsible for radio transmission and reception in one or more cells to and from the 

mobile station. The logical node terminates the Iub interface towards the RNC. Node В
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performs channel coding, interleaving, rate-adaptation, spreading, and inner loop power 

control. Node Bs can support FDD mode, TDD mode, or dual-mode operation.

Ж
Core Network

RNS RNS

RNC RNC

Node В

Node В

Figure 3-2. UTRAN architecture

3.2 Basic Features

The UMTS FDD terrestrial radio access is based on WCDMA, which is a Direct 

Sequence Code Division Multiple Access technology. User information bits are spread 

over a wide bandwidth by multiplying them with pseudo-random spreading codes. 

Table 3-1 presents the main parameters of the UMTS FDD based on WCDMA.

Table 3-1. UMTS FDD main parameters

Multiple access method Wideband DS-CDMA
Basic chip rate 3.84 MHz
Duplex scheme Frequency Division Duplex
Channel spacing 4.4-5.0 MHz
Modulation QPSK (Quadrature Phase-Shift Keying)
Data/control multiplexing I-Q/code (uplink), time (downlink)
Coherent detection Pilot symbols in UL&DL
Frame length 10 ms
Handovers Soft, softer, hard, inter-system
Spreading codes Orthogonal Variable Spreading Factor
Multi rate and variable rate Variable and multi-codes
Channel coding Convolutional, Turbo codes
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The chip rate is 3.84 Mchip/s leading to a carrier bandwidth of about 5 MHz. This wide 

bandwidth-based system supports high user data rates and can provide such benefits as 

good frequency, interference, and multipath diversity. The wide bandwidth with uplink 

and downlink coherency makes it possible to achieve low Еь/No (Energy per bit over 

noise power density) values for a variety of services. The actual carrier spacing can be 

selected on a 200 kHz grid between 4.4 and 5.0 MHz, depending on interference levels. 

QPSK (<Quadrature Phase-Shift Keying) has been chosen for modulation.

Uplink is I-Q/code-multiplexed, and downlink is time-multiplexed. Both uplink and 

downlink are equipped with pilot symbols for coherent detection. During a 10 ms frame 

the users data rate is kept constant. Soft, softer, hard handover, and inter-system hard 

handover with, for example, GSM system should be possible. Spreading codes are using 

OVSF (Orthogonal Variable Spreading Factor) technique explained in Section 3.2.5. 

Dynamic variable rate multiplexing of services and multi-codes provide flexibility and 

bandwidth on demand. Figure 3-3 presents the WCDMA principle for separating 

different users with different data rates.

Figure 3-3. WCDMA principle provides variable rate services with different codes

WCDMA fully supports the UMTS requirements such as support of 384 kbit/s for wide- 

area coverage and 2 Mbit/s for local urban coverage. The air interface has an efficient 

packet service mode and flexible support of mixed variable-rate services from 8 to 384 

kbit/s with a single dedicated physical channel allocation [10].
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3.2.1 Transport Channels

Transport channels are services offered by the WCDMA physical layer to higher layers. 

They are either shared among several users or dedicated to a specific user [10]. A 

common channel is a resource divided between all or a group of users in a cell. 

Common channels do not support soft handover discussed in Section 3.4.2. A dedicated 

channel is resource identified by a certain code on a certain frequency and it is reserved 

for a single user only [11].

BCH (Broadcast Channel) is a downlink common transport channel used to broadcast 

system- and cell-specific control information over the entire cell. This information 

includes the available random access codes and access slots and supported transmit 

diversity methods in the cell. It has a low fixed data rate and relatively high 

transmission power to reach all the users within the coverage area.

FACH (Forward Access Channel) is a downlink common transport channel used to 

carry control information and short user packets to a mobile station. It is transmitted 

over the entire cell or only a part of a cell using adaptive antenna arrays. It does not 

support fast power control, and correct reception demands inband identification 

information. There can be many FACHs in a cell but one has to be such a low bit rate 

that it can be received over the entire cell area.

PCH (.Paging Channel) is a downlink common transport channel used carry control 

information to a mobile station of which location is not known to the system. It is 

transmitted over the entire cell. Mobile terminated calls are informed over PCH to a 

mobile station. The power consumption and the battery life of the mobile depend on the 

design of the paging channels.

RACH (.Random Access Channel) is an uplink common transport channel used to carry 

control information and short user packets from a mobile station to a base station. It is 

received from the entire cell. A mobile oriented request to set up a connection to 
UTRAN is started with the RACH. RACH supports open loop power control.

CPCH (Common Packet Channel) is an uplink extension of RACH channel that can 

carry packet-based user data during several frames. It supports fast power control, 

collision detection mechanism, and status monitoring procedure.
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DCH (Dedicated Channel) is a downlink and an uplink dedicated channel used to carry 

user data and control information to and from a mobile station. The content carried on a 

dedicated transport channel is not visible to the physical layer. It may be transmitted to 

and from the entire cell or only part of a cell using adaptive antenna arrays. The 

dedicated channel supports soft handover.

DSCH {Downlink Shared Channel) is intended to carry dedicated user or control data. 

Several users can share it and it is always associated with a downlink DCH. It supports 

fast power control, variable bit rates on a frame-by-frame basis, and transmit antenna 

diversity methods.

3.2.2 Mapping of Transport Channel onto Physical Channels

The transport channels presented in previous section are mapped into physical channels. 
Some physical channels are used to carry only information relevant to physical layer 

procedures. These physical channels are not visible to higher layers, but are mandatory 

from the system’s function point of view. Table 3-2 present how transport channels are 

mapped into physical channels in the UMTS FDD system.

Table 3-2. Mapping of transport channels into physical channels

Transport Channel Physical Channel
BCH PCCPCH
FACH, PCH SCCPCH
RACH PRACH
DCH DPDCH, DPCCH
DSCH PDSCH
CPCH PCPCH
DO
NOT
CARRY
ANY
TRANSPORT
CHANNELS

SCH
CPICH
A ICH
PICH
CSICH
CD/CA-ICH
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3.2.3 Common Physical Channels

PCCPCH (Primary Common Control Physical Channel) is the downlink physical 

channel that carries the BCH. All terminals in the system need to demodulate it to 

access the system and to obtain critical system parameters such as random access and 

channelization codes from the BCH. PCCPCH has a fixed channel bit rate of 30 kbit/s 
including 3 kbit/s of SCH information. PCCPCH is transmitted with very high power 

along the common pilot channel over the entire cell area. The common pilot channel is 

used for channel estimation.

SCCPCH {Secondary Common Control Physical Channel) is a downlink physical 

channel and carries FACH and PCH. It can be shared among these two transport 

channels by multiplexing. The minimum requirement is to have a single physical 

channel in the base station but additional channels can give more freedom to data rates. 

SCCPCH has a fixed data rate determined according to the maximum data rate. It does 

not carry any power control information.

PRACH {Physical Random Access Channel) is an uplink physical channel carrying the 
RACH and is used for signaling purposes, to register the mobile station after power-on 

to the network, to perform a location update procedure from a cell to another cell, or to 

initiate a call.

PDSCH {Physical Downlink Shared Channel) is a downlink physical channel used to 

carry the DSCH. Buffering requirements at the receiver demand that PDSCH frame may 

not start before three slots after the end of the associated dedicated channel frame.

PCPCH {Physical Common Packet Channel) is an uplink physical channel used to 

carry CPCH.

SCH {Synchronization Channel) is a downlink physical channel needed for the cell 

search procedure. It consists of the parallel primary and the secondary channels. The 

primary SCH is an unmodulated 256-chip spreading sequence and is identical in every 

cell. It is used to acquire the slot synchronization and the timing for the secondary SCH. 

The modulated 256-chip secondary SCH seeks information about frame synchronization 

and about the scrambling code group to which the scrambling code of the cell belongs.
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CPICH (Common Pilot Channel) is an unmodulated downlink physical code channel 

that is scrambled with cell-specific primary scrambling code. It aids the channel 

estimation at the mobile station for the dedicated channel and provides channel 

estimation reference for those common channels that are not associated with dedicated 

channels. It is also used for handover and cell selection measurements. CPICH has a 

fixed spreading factor of 256.

AICH (Acquisition Indication Channel) is a downlink physical channel and used to 

indicate that the base station has received the random access channel signature sequence 

from the mobile station. Mobile stations need the phase reference from the common 

pilot channel for the detection of AICH. AICH needs to be sent with high power to be 

heard over the entire cell area. No power control is applied.

PICH (Paging Indication Channel) is operated together with the PCH to provide 

mobile stations with efficient sleep mode operation. The frequency of how often a 

mobile station needs to listen to the PICH is parameterized, and the listening moment 
depends on the running system frame number. For the detection of the PICH the mobile 

station needs the phase reference from CPICH. PICH is transmitted with high power 

without power control.

CSICH (CPCH Status Indication Channel) uses the unused part of AICH to indicate 

availability of each physical CPCH and to accept a channel assignment command to an 

unused channel.

CD/CA-ICH (<Collision Detection/Channel Assignment Indicator Channel) is a 

downlink physical carries the collision detection and channel assignment information to 

the mobile station.

3.2.4 Dedicated Physical Channels

DPDCH (Dedicated Physical Data Channel) and DPCCH {Dedicated Physical Control 
Channel) are I-Q/code multiplexed dedicated physical channels in uplink. User data is 

transmitted on the DPDCH, and control information is transmitted on the DPCCH. 

DPDCH is variable bit rate and spreading factor between 4 and 256. It carries user 

specific data and higher layer signaling such as mobile measurements, active set 

updates, and packet allocations. The DPCCH has a fixed bit rate and spreading factor of
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256. It carries pilot reference symbols for channel estimation in coherent detection used 

for SIR (Signal to Interference Ratio) estimation in fast power control. It also carries 

TPC (Transmission Power Control) bits for fast closed loop power control, FBI 

(Feedback Information) for downlink transmission diversity information, and TFCI 

(Transport Format Combination Indicator) for used bit rate, interleaving, and channel 

decoding information of the DPDCH. Figure 3-4 illustrates the structure of the uplink 

dedicated physical channel. With the spreading factors of the DPDCH and with ‘A-rate 

coding the user data rates between 7.5 kbit/s and 480 kbit/s can be achieved. For higher 

bit rates multicode transmission can be used up to six parallel DPDCH channels along 

with a single DPCCH channel leading to the user data rate of 2.3 Mbit/s. [11, 12]

DPDCH User data + higher layer data

Slot 0.667 ms (2560 chips)

Figure 3-4. Uplink 1/Q-multiplexed dedicated physical channel

In uplink the bit rate of the DPDCH can change on frame-by-frame basis. High bit rates 
require more transmission power, and so the mobile station adjusts the power of the 

DPCCH and DPDCHs by the same amount, provided there are no changes in gain 

factors. The gain factors may vary on radio frame basis depending on the current TFCI 

used. Further, the setting of gain factors is independent of the inner loop power control. 

The mobile station shall scale the total transmit power of the DPCCH and DPDCH(s), 

such that the DPCCH output power follows the changes required by the power control 

procedure with power adjustments of DPCCH, unless this would result in a mobile 

station transmit power above the maximum allowed power. In this case the mobile 

station shall scale the total transmit power so that it is equal to the maximum allowed 

power. [13]
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Figure 3-5. Uplink DPDCH and DPCCH during variable bit rate transmission

In downlink the DPDCH and the DPCCH are time-multiplexed as presented 

in Figure 3-6. User data is transmitted on the DPDCH, and control information is 

transmitted on the DPCCH. As in uplink the DPCCH carries pilot reference symbols for 

channel estimation in coherent detection used for SIR estimation in fast power control, 

and TPC bits for fast closed loop power control, and TFCI for used bit rate, 

interleaving, and channel decoding information of the DPDCH. The downlink spreading 

factors vary between 4 and 512 according to the bit rate. These spreading factors lead to 

user data rates between 1 kbit/s and 936 kbit/s with a Vi-rate channel-coding scheme. Up 

to 2.3 Mbit/s can be achieved when combining three parallel codes with a spreading 

factor of 4. [11]

DPCCH DPDCH DPCCH DPDCH DPCCH
•4----------------------------------------- Slot 0.667 ms (2560 chips)------------------------------►

Slot 14Slot 0 Slot 1

Frame 10 ms

Figure 3-6. Downlink time-multiplexed dedicated physical channel

The downlink transmit power control procedure controls simultaneously the power of a 

DPCCH and its corresponding DPDCHs. The power control loop adjusts the power of 

the DPCCH and DPDCHs with the same amount. The relative power difference 

between the DPCCH and DPDCHs is not changed. The relative transmit power offsets 

between DPCCH fields and DPDCHs are determined by the network. [13]
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3.2.5 Channelization and Scrambling Codes

Channelization or also called spreading codes as their name indicates spread the 

information bandwidth to match the transmission bandwidth of the air interface. The use 

of OVSF codes allows the spreading factor to be changed and orthogonality between 

different spreading codes of different lengths to be maintained. In uplink channelization 

codes are used for separation of physical data (DPDCH) and control (DPCCH) channels 

from the same terminal, and in downlink they are used for separation of connections to 

different users with in one cell. The OVSF codes are defined using a code tree presented 

in Figure 3-7. The codes are orthogonal if they are not on the same branch in the code 

tree. The number of channelization codes under one scrambling code refers to the 

spreading factor, which can be 4 - 256 in uplink and 4 - 512 in downlink. [11]

C1111

SF = 8SF = 1 SF = 2 SF = 4

Figure 3-7. Tree of orthogonal short spreading codes

Scrambling is used on top of spreading with channelization codes without changing the 

signal bandwidth. It makes the signals from different sources separable from each other. 

Scrambling codes are assigned to cells at their initial deployment. Mobile stations learn 

about downlink scrambling codes of base stations during cell search processes. In 

uplink these scrambling codes are used for separating users or mobile stations. The 

number of uplink scrambling codes is several millions. In downlink scrambling codes 

are used for separating cells or sectors of base stations. The number of scrambling codes 

in downlink is limited to 512, otherwise the cell search procedure would be too 

excessive. For downlink they have to be allocated and managed in the radio network 

planning process. [11]
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3.2.6 Spreading and Modulation

UMTS FDD WCDMA uses the direct sequence method for spreading and de-spreading. 

A binary information-bearing analog or digital signal is multiplied bipolarly by pseudo

random spreading code. Pseudo-random spreading codes can be created in shift 

registers. The local pseudo-random code has a higher data rate than the binary 

information rate. Data for transmission is simply logically modulo-2 added (i.e. XOR 

operation) with the faster pseudo-random code. A pseudo-random code is a sequence of 

chips valued -1 and 1 (polar) and 0 and 1 (non-polar) [6]. A chip denotes one symbol 

when referring to a spreading code signal, and the rate of the spreading code is called 

the chip rate [5].

Figure 3-8 illustrates a simplified direct sequence spread spectrum communication 

system used as a basis for WCDMA-based UMTS system. In the transmitter block a 

binary data sequence is spread and fed to a wideband modulator controlled by carrier 

generator. Typically, some form of PSK (Phase-Shift Keying) modulation is used as 

spreading modulation [5]. In the receiver the transmitted wideband signal is 

demodulated. To be able to perform the de-spreading, the receiver must know the 

unique code and correct synchronization of the code. Synchronization consists of code 

acquisition and tracking phases. Synchronization ensures that the code phase of the 

receiver code sequence is correct, so that de-spreading can be performed.

TRANSMITTER RECEIVER

Antenna Antenna

Spreading N1/ s** \\/ Despreading

Binary data

Carrier
generator

Code
synchronization

Code
generator

Wideband
modulator

Carrier
generator

Figure 3-8. Simplified direct sequence spread spectrum communication system
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Figure 3-9 shows an example of the generation of a BPSK-modulated (Binary Phase- 

Shift Keying) spread spectrum signal. The basic idea is that the signal after the spreading 

operation i.e. the multiplication is 1 if the two signals are the same, 1 or 0. Otherwise 

the output is 0. The BPSK-signal has a 180-degree phase shift when the output of the 

multiplication changes.

L 1 bit period

—I

—I

1 chip period

rrr\ л nm

Data signal

Code signal

Data signal x Code signal

BPSK-modulated signal

Figure 3-9. Generation of BPSK-modulated spread spectrum signal

In WCDMA-based UMTS FDD system the two dedicated physical channels are 

I-Q/code multiplexed due to that the transmission of the pilot and the power control 
symbols would cause audible interference with time-multiplexing. A complex-valued 

scrambling code is applied after the spreading with channelization codes. The complex 

scrambling codes are formed in a way that the rotations between chips with in one 

symbol are restricted to ± 90 degrees. A rotation of full 180 degrees can happen only 

between consecutive chips. In the downlink time-multiplexed control and data streams 

having equal power are modulated with QPSK. There is no audible interference in 

downlink due to continuous transmission on common channels.
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3.3 Power Control

Power control is an extremely essential function when considering the smooth operation 

and the capacity of CDMA-based systems. The power control problem arises due to 

multiple access interference. Each user looks like random noise to other users and 

causes unnecessary interference to the system. That is why the powers of individual 

users have to be carefully controlled. In the WCDMA-based UMTS FDD system there 

are three different power control loops: Open Loop Power Control, Outer Loop Power 

Control, and Inner Loop Power Control. These functions control the levels of the 

transmitted powers in order to minimize interference and maintain the quality of each 

mobile’s connections. [13]

3.3.1 Near-far problem

Figure 3-10 illustrates the near-far problem associated with CDMA-based systems. The 
problem arises when MS A (Mobile Station) and MS В are located in a same cell with 

different distances from a BS {Base Station). If no power control were applied in uplink, 

the MS A would transmit so high power that MS В would have no connection to the BS 

due to too low SIR-values. The MS A would be reserving a great amount of the capacity 

of the cell. Power control is implemented to overcome the near-far problem and to 

maximize the capacity of the system [1]. It tries to control the powers of the mobile 

stations in the system so that the received powers at the base station stay equal. It tries 

also to compensate the effects of slow fading and fast fading. There is no near-far 

problem in downlink due to a one-to-many situation. All the signals within one cell 

originate from the one base station to all mobiles.

BS

Figure 3-10. Near-far problem
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3.3.2 Open Loop Power Control

This power control loop is dedicated to determine an initial transmit power level of a 

mobile station attempting the first time to access a base station. The base station cannot 

yet control the transmitted power of the mobile station because no earlier connection 

has been set up. The initial transmit power is decided by the mobile station with the help 

of received power from the base station, path loss, and interference level at the base 

station. The UL (Uplink) Open Loop Power Control uses mobile station measurements 

and broadcasted cell and system parameters as input information. The DL {Downlink) 

Open Loop Power Control sets the initial power of downlink channels. It receives 

downlink measurement reports from the mobile station. [13]

Open Loop Power Control is not very accurate, since it is difficult to measure large 

power dynamics accurately in the mobile station. The requirement for the accuracy of 

the Open Loop Power Control is specified to be within ±9 dB in normal conditions. [11]

3.3.3 Outer Loop Power Control

The Outer Loop Power Control is dedicated for adjusting SIR threshold by measuring 

the propagation environment and the quality of connection between the mobile station 

and the base station. This is the threshold, against which power-up and power-down 

decisions during the Inner Loop Power Control process are made against the SIR- 

thresholds. The Inner Loop measures SIR and compares it with the required SIR-target 
and decides, which power control command to send to the mobile station. The Outer 

Loop Power Control is mainly used for a long-term quality control of the radio channel. 

The target SIR will change over time, as the speed and the propagation environment 

changes. The UL Outer Loop Power Control located in the serving RNC. The DL Outer 

Loop Power Control is located in the mobile station, but some control parameters are set 

by the UTRAN. [5, 11,13]

3.3.4 Inner Loop Power Control

The purpose of the Inner Loop Power Control is to compensate fast power fluctuations 

due to Rayleigh fading, path loss, shadowing, and especially the near-far effect in 

uplink. In downlink it is used for management of inter-cell interference and to possible 

increase power levels of users suffering from increased other-cell interference. Also
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weak signals caused by Rayleigh fading can be enhanced when other error correcting 

methods such as interleaving are not applicable. Both the base station and the mobile 

station are involved in this process. In the UMTS FDD the Inner Loop operates at 1.5 

kHz along the Open Loop and is started when a traffic channel is assigned to the mobile 

station. The basic step size is 1 dB with accuracy of ±0.5 dB. The base station 

continuously monitors the uplink quality and commands the mobile station to power

down if the quality is above the required SIR-target and to power-up if the quality is 

lower than the required SIR-target. [11]

The UL Inner Loop Power Control sets the power of the uplink dedicated physical 

channels. It receives the quality target from UL Outer Loop Power Control and quality 

estimates of the uplink dedicated physical control channel. The Uplink Inner Loop 

Power Control adjusts the mobile station transmit power in order to keep the received 

uplink SIR at a given target, SIRtarget- The cells in the active set should estimate SIR, 

SI Rest, of the received uplink DPCH {Dedicated Physical Channel). The serving cells 

should then generate power control commands and transmit the commands once a slot. 

If SIRest > SIRtarget, then the command to transmit is "0" (power-down), while if SIReSt < 
SIRtarget then the command to transmit is "1" (power-up). The power control commands 

are sent on the downlink dedicated physical control channel to the mobile station. This 

function is located in both the UTRAN and the mobile station. [13]

The DL Inner Loop Power Control sets the power of the downlink dedicated physical 

channels. It receives the quality target from DL Outer Loop Power Control and quality 

estimates of the downlink dedicated physical control channel. The power control 

commands are sent on the uplink dedicated physical control channel to the UTRAN. 
The generation of power control is similar to uplink. The downlink transmit power 

control procedure controls simultaneously the power of a DPCCH and its corresponding 

DPDCHs. The power control loop adjusts the power of the DPCCH and DPDCHs with 

the same amount, i.e. the relative power difference between the DPCCH and DPDCHs 

is not changed. The UTRAN determines relative transmit power offsets between 

DPCCH- and DPDCH-fields. The DL Inner Loop Power Control function is located in 

both the UTRAN and the mobile station. [13]
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3.4 Handovers

Handover is a procedure where a communication channel will be changed to a new 

communication channel without the user's intervention as a mobile station moves from 

one cell to another. In the WCDMA-based UMTS FDD system it involves the 

assignment of a new scrambling code. The handover procedure consists of 

measurement, decision, and execution phase. In measurement phase typically a mobile 

station measures the downlink signal quality and signal strengths of its cell and 

neighboring cells. In the uplink the base station measures signal quality. In the UMTS 

FDD these measurements are signaled to the RNC in which the measurements are 

compared in the decision phase against predefined ЕЛо- threshold (Energy of one chip 

per interference density) of the CPICH, and it is decided with an algorithm whether 

handover should be initiated or not. If a handover procedure is executed, the active set 

of the mobile station is updated. In UMTS there are two major handover procedure 
types hard handover, and soft handover. They are possible in UTRAN depending on the 

situation of the mobile station in the UMTS FDD system. Different handover scenarios 

possible in UMTS FDD system are presented in Table 3-3. [14]

Table 3-3. Handover types possible in UMTS

UMTS Handover Types
FDD soft/softer_________
FDD inter-frequency (Hard)
FDD to TDD (Hard)
TDD to FDD (Hard)
3Gto 2GÇUMTS to GSM) 
2Gto 3G(GSM to UMTS)

3.4.1 Hard Handover

Hard handover is a procedure in which the active connection in the cell is transferred to 

the adjacent cell when the ЕЛо-level in the current cell falls below a certain threshold. 

There cannot be multiple active connections between the mobile station and the network 

during the hard handover. The purposes of the hard handover procedure are to change 

the frequency of the connection between the mobile station and UTRAN, or into change 

a cell in a network not supporting macro diversity, or to change the mode between 

UMTS TDD and FDD, or between UMTS and GSM. [11]
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3.4.2 Soft and Softer Handover

In soft handover a mobile station is simultaneously connected to more than one base 

station. In uplink the RNC has to do frame selection combining for the signals received 

and transmitted by multiple base stations. Additional channel elements are possibly 

needed in base stations supporting soft handover. Due to soft handover the mobile 

station does not see any additional load because it sees the situation like a multipath 

propagation. During a soft handover two power control loops are active, one for each 

connection. Soft handovers occur in between 20 % and 40 % of connections in the 

network [11]. A soft handover situation is illustrated in Figure 3-11.

Figure 3-11. Soft handover

Softer handover is similar to soft handover, but it is performed between adjacent cells in 

the same base station. It does not require the RNC to control the handover since the base 

station can receive signal through two or more sectors and is enabled to do maximal 

ratio combining. This reduces signaling traffic in the network. During a softer handover 

situation only one power control loop per connection is active. Typically, softer 

handover situations occur about 5 - 15 % of connections. Softer handover is illustrated 

in Figure 3-12.
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Core Network

Sector 2

Node В

Figure 3-12. Softer handover

The main objectives of soft and softer handover are interference reduction, enhanced 

coverage probability, seamless handover without any disconnection to the radio access 

bearer, and optimum Inner Loop Power Control. During soft handover there are 

different sets that are monitored by the mobile stations.

Monitoring Set consists of all UTRAN cells and possibly of other system such as GSM 

cells, which the network has tasked the active mobile station to monitor frequently.

Candidate set consists of cells that are not currently in the active set, but have been 

received by the mobile station with sufficient signal quality and strength to indicate that 

the associated CPICH could be successfully demodulated.

Active set consists of those cells whose pilots are currently supporting the service of the 

mobile station. A cell in the Monitoring Set is added to the active set when the ЕЛо of 

CPICH exceeds a certain predefined threshold in decibels compared to the best cell in 

terms of ЕЛо for a minimum triggering time, AT. The maximum number of cells in the 

active set can also be defined, usually from 2 to 3 cells. With larger active set size no 

enhanced performance can be achieved according to studies [11].
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3.4.3 Soft Handover Algorithm

The measurements of the monitored cells filtered in a suitable way trigger the reporting 

events that constitute the basic input of the soft handover algorithm. Based on the 

measurements of the set of cells monitored, the soft handover function evaluates if any 

Node В should be added to, removed from, or replaced in the active set. This means 

performing a procedure what is known as active set update. Soft handover parameters 

are presented in Table 3-4. For the description of the soft handover algorithm presented 

in Figure 3-13 the following parameters are needed [14].

Table 3-4. Soft handover parameters

Parameter Description
ASTh, Threshold for macro diversity
ASThHyst, Hysteresis for the above threshold
ASRepHyst, Replacement hysteresis
AT Time to trigger
ASMaxSize Maximum size of active set
BestSs The best measured cell present in the active set
WorstOldSs The worst measured cell present in the active set
Best Cand Set The best measured cell present in the monitored set
Meas_Sign The measured and filtered quantity

Measurement
Quantity CPICH 1

AS_Th - AS_ rh_Hy t

CPICH 2

CPICH 3

Event 1C => Event IB => 
Replace Cell 1 with Cell 3 Remove Cell 3Cell 1 Connected

Figure 3-13. Example of soft handover algorithm
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The events in the Figure 3-13 are explained here in following sub-sections.

Event 1A: If Meas_Sign(CELl2) is greater than Bes/_5s(CELLl) - As_Th + 

AsThHyst for a period of AT and the active set is not full, the best cell (CELL2) 

outside the active set is added in the active set.

Event 1C: If active set is full and Best_Cand_Set(CELL3) is greater than 

Worst_Old_Ss{CELL 1 ) + AsRepHyst for a period of AT, the worst cell (CELLI) is 

removed from the active set, and the best cell (CELL3) outside active set is added into 

the active set.

Event IB: If Meas_Sign(CELL3) is below Best_Ss(CELL2) - As_Th - As Th Hyst for a 

period of AT, the worst cell (CELL3) in the active set is removed.

3.5 RAKE receiver

Due to reflections from obstacles a wideband radio channel can consist of many copies 

of originally transmitted signals having different amplitudes, phases, and delays. If the 

signal components arrive more than duration of one chip apart from each other, a RAKE 

receiver can be used to resolve and combine them. The RAKE receiver uses a multipath 

diversity principle. The word "RAKE" is not an acronym. The name of the RAKE 

receiver derives from its inventors Price and Green in 1958. It is like a rake that rakes 

the energy from the multipath propagated signal components. When a wideband signal 

is received in a matched filter over a multipath channel, the multiple delays appear at 
the receiver, as depicted in Figure 3-14. The RAKE receiver uses several baseband 

correlators to individually process several signal multipath components. The correlator 

outputs are combined to achieve improved communications reliability and performance.

3.5.1 Operation

Impulse response measurements of the multipath channel profile are executed through a 

matched filter to make a successful de-spreading. It reveals multipath channel peaks and 

gives timing and RAKE finger allocations to different receiver blocks. Later it tracks 

and monitors these peaks with a measurement rate depending on speeds of mobile 

station and on propagation environment. The number of available RAKE fingers 

depends on the channel profile and the chip rate. The higher the chip rate, the more
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resolvable paths there are. To catch all the energy from the channel more RAKE fingers 

are needed. A very large number of fingers lead to combining losses and practical 

implementation problems [5].

Figure 3-14. Block diagram of simple RAKE diversity receiver

The correlator despreads the received RJ-signal {Radio Frequency) with the help of the 

code generator. Channel estimates for both I-phase (In Phase) and Q-phase (Quadrature 

Phase) are constructed in the channel estimator. The phase rotator corrects phase errors, 

and the delay equalizer corrects delay errors occurred in the multipath channel. Finally, 

finger outputs are combined in the combiner unit into common I- and Q-phases for 

further decision. [11]

3.6 Summary

In this chapter some background information was given about UMTS FDD based on 

WCDMA technology. A brief history and the evolution of the specification work were 

revealed to the reader. The basic features and characteristics of the UMTS FDD system 

were introduced and explained. Transport and physical channels structures, spreading, 

and the important codes were discussed. Power control being maybe the most important 

process of proper operations of CDMA-based systems was explained through different 
control loops. Also basic ideas of different handover types were discussed. Finally, the 

important structure of the RAKE receiver in the WCDMA system was introduced.
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4 CAPACITY

In a WCDMA-based system capacity can be defined as throughput of bits or as the 

amount of simultaneous users in the network receiving voice and data services with 

certain predefined quality targets. Interfering signals caused by users to each other rise, 

as the amount of users gets higher in the network. A balance between maintaining 

connection integrity and restricting interference level is maintained by controlling the 

power of each user so that signals arrive at their intended receiver with minimum 

required SIR-level. Interference, coverage, and capacity are coupled tightly to together 

in a WCDMA system.

Capacity can be restricted by either transmission power constraints or by the self
generated interference. In the uplink, the system reaches its capacity when a mobile 

station does not have enough power to overcome interference from the network, or a 

predefined loading target of the network is met. In the downlink, capacity is reached 

when no additional power is available to add new users i.e. base station transmission 

power restrictions are met, or there are no downlink codes available for mobile stations. 

The power needed for either link is fundamentally related to Et/No requirements for 

different services.

4.1 Dynamic Resource

The capacity of different services can change dynamically because Eb/N0 requirements 
vary according to chancing conditions such as speeds of mobile stations, services, radio 

channel, and environment. Many factors such as loading, spatial distribution of users, 

sectorization, service activity, and power control accuracy affect the actual capacity of 
the network. Eb/N0 can be defined as in the following equation (4-1). [11]

A. w PJ
N0j VjRj I total - Pj ’

(4-1)

where W is the chip rate, oj is service activity factor, R, is the baseband bit rate of a 

connection j, Pj is received signal power from the connection j, and Itotai is the total
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received wideband power including thermal noise power in the base station. Solving for 

P from previous equation leads to the following equation (4-2). [11]

pj=-
1 + W

" Itotql Lj • Ilotai ,

— Rj°J

Aroj J J

(4-2)

where Lj can be defined as the load factor of the j* mobile user’s connection in the 

uplink direction. For all users in a WCDMA network the uplink load factor can be 

defined as in the following equation (4-3). [11]

Ы = ¿Í, , (4-3)
M

where N is the number of uplink connections in the network. The system has reached its 

pole capacity when the uplink load factor, um, approaches 1. In reality, there are two 

kinds of interference occurring. Other users in the same cell cause intra-cell 

interference, and other users in other cells of the network cause inter-cell interference. 

Inter-cell loading occurs when users from other cells load a cell restricting it from using 

its whole power capacity for serving users in its coverage area. The effect of inter-cell 

loading can be taken into account by the ratio of other cell to own cell interference, i. 

The uplink load factor then becomes to a formula presented in the following equation 

(4-4) [11]. First part of the equation defines intra-cell load factor and the second part 

defines the inter-cell load factor.

N N

Чм = 0+0-=(i+0-I— 
y=i M 1 +

W

— Rj°j

Noj J 1

(4-4)

Figure 4-1 presents the uplink pole capacity. The curve has been calculated by inserting 

different values of load factor in to lOlogio(l-uuL) giving the loss or the interference 

margin in the link budget due to load. As the load factor comes near 1, the interference 

margin is getting higher quite fast. Typically, load target should be maintained between 

50 % and 75 % because at those points the system is stable and can serve users. If the 

load factor increases, countermeasures such as the Load Control described in Section
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4.2.2 should be executed to stabilize the capacity. This can be done by delaying services 

or reducing bit rates of those services used by interfering users. [5]

Uplink Pole Capacity

70.000

60.000

50.000

40.000

30.000

20.000

10.000

0.000

Load factor

Figure 4-1. Uplink pole capacity

For the downlink the load factor is quite similar to the uplink, but some parameters have 

to be defined. The following equation (4-5) presents the downlink load factor.

b.
nDL=Y.°j -^4(1-«;) 4L <4"5)

M _

where ctj is the orthogonality factor in the downlink. Orthogonal codes are employed in 

WCDMA-based UMTS FDD system to separate the users. The situation would be 

simple if there were no multipaths. The orthogonality would then remain when the 

mobile receives the signal from the base station. However, if there is a too short or a too 

long delay spread in the radio channel, the mobile will see part of the base station signal 

as multiple access interference. A too short delay spread means that the time difference 

between multipaths is less than 0.26ps, and the RAKE receiver cannot combine them 

coherently to obtain multipath diversity. A too long delay spread means that some 

multipaths do not fit into the measurement window of the matched filter in the RAKE 

receiver. If cq = 1, then the base station signals are perfectly orthogonal, but in real
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multipath radio channel the orthogonality factor is typically between 0.4 and 0.9; larger 
in microcells than in macrocells. The ratio of other cell to own cell interference, ij, 

depends on the user location and is therefore different for each user j. This can lead a to 

very dynamically changing downlink load factor. [11]

4.1.1 Spatial Distribution of Users

In the real world the spatial distribution of offered traffic in cells is not uniform. 

Spatially non-uniform user distribution leads to the spatial non-uniformity of the offered 

traffic. When considering capacity spatial variations of users may produce overload 

situations and dramatic reduction in the coverage of other cells. If some users are at the 

edge of the cell, they transmit higher powers to the base station causing also high inter

cell to adjacent cells. This interference increases loading and reduces the capacity of the 

adjacent cells. Efficient power control, soft handover, load control, and admission 

control algorithms are important tools for achieving the maximum capacity and quality 

of services by smoothing the variation of cell loading. [15]

4.1.2 Sectorization

Sectorization of cells can reduce the interference from users in other cells. For example, 

an omnidirectional cell can be divided into three 120-degree sector-cells. The sector- 

cells reject interference from users that are not within their coverage area. In other 
words, sectorization decreases the effect of loading by a factor called sectorization gain. 

In reality, the gain is typically around 2.5 for three-sector configuration and around 5 for 

six-sector configuration [1]. The increased number of sectors also brings improved 

coverage through higher antenna gain. The drawback of upgrading the capacity by 

increasing the number of sectors is that the antennas must be replaced and the radio 

network planning and optimization must be redone [11].

4.1.3 Service Activity

Discontinuous transmission can be used for circuit switched service to lower 

interference from users to each other. Power is transmitted only when a mobile station is 

active. Speech statistics shows that a user in a conversation speaks between 40 % and 

50 % of the time. The activity of packet-based services depends very much on
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applications used. Packet data is bursty, tolerates longer delay than real-time services, 

and can be retransmitted in case of errors leading to higher activity. The air interface 

capacity of the WCDMA can be fully utilized with the help of the Packet Scheduler, and 

the interference remains low [11]. A service activity factor, u, can thus be used to 

reduce total interference power as can be seen from previous equations.

4.1.4 Power Control

Power control accuracy is also critical for maximizing the capacity of the WCDMA 

network. In reality it cannot eliminate the near-far effect and the fast fading completely 

due to imperfections in the power control loop. Many factors such as power control 

delay, command rate, errors and step size can affect the system capacity. [5] Power is 

not adjusted continuously, and the adjusting step size is limited. There is delay between 

the measurement and adjusting the power according to the measurement. Estimated SIR 

can be inaccurate. Power control range is finite. These factors can lead to residual 

variation in SIR and causes degradation of the system capacity. [16]

4.1.5 Capacity Enhancements

The capacity performance of WCDMA-based UMTS FDD network can be enhanced 
with downlink transmit diversity, advanced antenna structures, and multi-user detection. 

The downlink capacity could be improved by using antenna diversity in the receiver of 

the mobile station. Using two antennas and receiver chains would not be a feasible 

solution for light, small, and cheap mobiles. The WCDMA standard supports the use of 
base station transmit diversity. The downlink transmit diversity could utilize space or 

polarization diversity antennas [11]. Antenna arrays can be used for increasing of the 

capacity for low bit rate speech users due to that interference with high number of low 

bit rate users can be considered a spatially and temporally distributed white Gaussian 

noise. Multiuser detection seeks to improve performance by canceling the intra-cell 

interference and thus increasing the system capacity. The increase of capacity depends 

on the used algorithm, environment, and the system load. Multiuser detection processes 

signals, wanted and unwanted, from correlators jointly and removes unwanted signals or 

multiple access interference from desired signals [5].
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4.2 Radio Resource Management

RRM {Radio Resource Management) consists of processes that can efficiently control 

the capacity of the UMTS FDD network. One task of RRM is to prevent that the system 

is not overloaded and remains stable. Admission Control and Load Control are the most 

important capacity-steering control processes of RRM.

4.2.1 Admission Control

Admission Control decides whether a request to establish a RAB {Radio Access Bearer) 

is admitted in the RAN {Radio Access Network) or not. It is used to maintain stability in 

the network, and it tries to achieve high traffic capacity. Admission Control algorithm 

is executed when RAB is setup or modified. Admission Control measurements also take 

place with all handovers to check if resources can be given to the mobile station. The 

functionality is located in RNC where the load information from several cells can be 

obtained. It estimates separately for both uplink and downlink the load increase that the 

establishment of the RAB would cause in the RAN.

4.2.2 Load Control

The Load Control continuously updates the load information of the cells controlled by 

the RNC and provides this information to the Admission Control for resource 

controlling purposes. In overload situations the Load Control performs recovery actions. 

The main target of the Load Control is to force the system back to preferred loading 

target. If the system is properly planned, and the Admission Control and the Packets 

Scheduler work sufficiently well, overload situations should be exceptional [11]. There 

are several possible Load Control actions in order to reduce loading. At first, downlink 

power-up commands can be denied from the mobile. The network can also reduce the 

uplink SIR-target used by the uplink fast power control. One option is to reduce the 

throughput of packet data. It is also possible to transfer the mobile to another WCDMA 

carrier, or to GSM system. Bit rates of real-time services can be decreased using e.g. 

adaptive multirate speech codecs. The last and the most unwanted method is to drop 
calls in a controlled fashion.

Tommi Heikkilä, Master's thesis, 2000
Capacity of wideband CDMA cellular network in macrocell environment 36



4.3 Summary

The present chapter has provided the reader some characteristic concerning the capacity 

in a WCDMA system. Dynamic behavior of both uplink and downlink capacity was 

introduced with the pole capacity concept based on uplink and downlink loading 

factors. The effects of user distribution, sectorization, service activity, and power 

control accuracy were presented. Capacity can be increased if one can decrease the 

amount of interference from users in adjacent cells, for example, with cell-sectorization. 

Some methods of capacity enhancement were discussed briefly. Henceforth, several 

conclusions regarding capacity can be drawn. The number of simultaneous users, or 

capacity, is directly proportional to the processing gain, W/R, of the system. Capacity is 

inversely proportional to the required Et/No of a link. The lower the required threshold 

Et/No, the higher the system capacity. Also some basic capacity controlling processes of 

the UMTS FDD system were introduced.
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5 MACROCELL ENVIRONMENT

In a macrocell environment base station antennas are elevated well above rooftops of 

surrounding buildings and terrain, and away from scatterers while local scatterers such 

as buildings, trees, and cars surround mobile stations. Hence, a direct Line-of-Sight path 

between the mobile station and the serving base station is unlike. Base station antenna 

heights used in macrocells can be from 15 to 50 meters, and so the ranges of the cells 

can be from couple of hundreds of meters up to several kilometers. Antennas are usually 

installed to masts or on the rooftops with metal pipes. Macrocells are typically used in 

urban or suburban areas and also as umbrella cells in dense urban areas. Macrocells 

have typically non-homogenous coverage area and much larger interference area than 

coverage area. The free-space loss and terrain shapes typically limit outdoor coverage 

areas of macrocells, but buildings are not so crucially limiting macrocell coverage areas, 

as they do in a microcell layer. Indoor coverage is often limited by attenuation of 

buildings in the area. Figure 5-1 illustrates atypical macrocell environment. [5]

Figure 5-1. Macrocell environment
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5.1 Basic Characteristics

The following sub-sections describe three nearly independent phenomena of the 

macrocellular mobile radio propagation channel. These are fast and shadow fading and 

path loss. They are also presented in Figure 5-2.

5.1.1 Fast Fading

Fast fading can be described as a rapid fluctuation of the complex envelope of the 

received signal cased by reception of multiple copies of a transmitted signal, each with 

different amplitude, phase, and delay. These deep fades of as much as 40 dB can occur 

when the distance varies a fraction of a wavelength. Fast fading is a consequence of 

multipath propagation when signals reach the receiver from different paths having 

different lengths. Individual signals are summed together producing the fast fading 

effect. In macrocells, non-isotropic scattering is assumed since local scatterers surround 

the mobile station, and the signals arrive from many different angles with no dominant 

component [9]. As a result, the fast fading can be described by the Rayleigh 

distribution.

5.1.2 Shadow Fading

Shadow fading, also referred to as slow fading or shadowing, manifests itself as a slow 

variation in the mean envelope over a distance corresponding to tens of wavelengths. It 

is caused by variations in the local topography such as buildings, foliage, and hilly 

terrain. Experimental observations have confirmed that the shadows are log-normally 

distributed in macrocells [17]. For macrocells, the standard deviation of the shadows 

typically ranges from 5 to 8 dB for urban areas showing a dependence on the degree of 

urbanization.

5.1.3 Path Loss

Path loss predicts how a local average signal power decays with distance from a base 
station. An inverse fourth-law power loss with distance is often used to characterize 

path loss in macrocells [18]. Hata has developed a useful model for path loss in 

macrocells based on the experimental results of Okumura [19, 20]. This model is 

discussed more in detail later in this Chapter.
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Path loss

Shadow fading

Fast fading

Distance / m

Figure 5-2. Three radio propagation channel phenomena

5.2 Deployment

Mobile operators often use macrocells in the early phases of networks due to 

economical reasons. It is possible to build wide outdoor coverage with limited indoor 

coverage quite fast with few base stations and cells. Macrocells were initially used as 
the only resource for coverage. However, with the introduction of microcells and 

picocells for hot spot traffic areas, macrocells can nowadays be used primarily to cover 

large areas that have high traffic moving with moderate and high speeds [5]. CDMA 

networks being interference limited systems bring a new phenomenon called cell 

breathing that affects coverage areas in a way that continuous coverage area cannot be 
guaranteed for users when networks are heavily loaded. Cell breathing occurs when the 

amount of interference i.e. number of users or bit rates in a network changes 

dynamically. Coverage areas get smaller as interference in the network gets higher and 

vice versa. This phenomenon is presented in Figure 5-3. Drawbacks due to cell 

breathing can be mitigated with multiple cell layers having different carrier frequencies. 

Better coverage can thus be obtained.
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Figure 5-3. Dynamic interference causes cell breathing

5.2.1 Hierarchical Cell Structure

As capacity increases in the network microcells can be build, and macrocells can be 

changed to an umbrella layer illustrated in Figure 5-4. A microcell layer can handle 

most of the traffic, and the macrocell layer gives coverage to those users who are out of 

microcell coverage or are moving too fast and they are not allowed to do handover 

during a certain triggering time to microcell layer due to redundant signaling [5]. This 

means that the macrocell layer should be kept as unloaded as possible to be able to serve 
those users having a high path loss situation. It is recommended that different layers 

should have different frequencies so that interference between layers could be avoided 

effectively. Future needs of the network should be taken into account as well as possible 

when planning the first phase macrocells [21].

Figure 5-4. Macrocell layer covering two microcell layers
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5.3 Okumura-Hata Path Loss Model

This path loss model was originally proposed by Okumura as a set of graphs, and later 

converted into the form of a mathematical model by Hata. The model essentially 

predicts the path loss at a particular distance from a transmitter in several types of 

environment such as large cities, small to medium size cities, and suburban as well as 

rural areas. These terrain types have each their own mobile station height correction 

factors. The path loss is calculated as in the following equation (5-1). Table 5-1 presents 

Okumura-Hata path loss model parameters.

L = 69.55 + 26.161og10 / - 13.821og10 hBS
- «( V » /) + (44-9 - 6.55 log10 hBS ) log10 d

Table 5-1. Okumura-Hata model pararameters

Parameter Description Range Units
L Path loss - dB
f Frequency 150... 1500 MHz
hgs Base station antenna 

height above the base 
station ground

30...200 m

a(hMS,f) Mobile station antenna 
height terrain correction 
factor

Large City, 3.2(loglo(11.75hMs))2-4.97
Small City, (1.1 logi0f-0.7)hMs-( 1.561ogi0f-0.8) 
Suburban, 2(logio(f/28))2+5.4
Rural, 4.78(log,of)2-18.331oglof+40.94

dB

h\is Mobile station antenna 
height

1...10 m

d Distance between a 
mobile station and a 
base station

1...20 km

5.4 Summary

This chapter has provided the reader with one definition of macrocell. Basic 

characteristics of macrocell environment such as fast fading, shadow fading, and path 

loss, were introduced and discussed. The deployment of macrocells was also discussed, 

and hierarchical cell structure was introduced as an application of macrocells. Path loss 

models are important for the planning of cellular networks. Okumura-Hata model is 

probably the most common path loss model used in planning tools of today. It has been 

used in the simulations of this Master’s thesis.
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6 UTSI: UMTS WCDMA NETWORK SIMULATOR

A Matlab-based WCDMA network simulation software called UTSI was developed 

during a project engaged by Sonera Corporation as a customer and as an investor and 

Southern Poro Communications as a contractor responsible for the development of the 

UTSI software. The project started in 1998 and is to be closed during year 2000. The 

purpose of the network simulator was to examine the most important performance 

issues related to a WCDMA-based system considering the features of the UMTS FDD 

to derive coverage and capacity estimates in realistic network scenarios [22]. The 

objective of UTSI was to provide information of a behavior of a loaded WCDMA 

network. The UTSI software provides modeling of user mobility, traffic types, traffic 

generation, power control, interference, and determining resulting signal quality 

parameters. Predicted signal quality indicators such as SIR and the network traffic load 

estimates can be used to derive capacity and coverage estimates.

Sonera was interested in determining the system performance with packet switched 

(UDD, Unconstrained Delay Data) and circuit switched {LCD, Long Constrained 

Delay) services. These services included 7.5 kbit/s speech, 64 kbit/s, 144 kbit/s, and 384 

kbit/s data rates. The highest priorities were dedicated for high data rate services and 

mixed data rate services when users engage a mix of services in the network.

Basically the simulator is SINR-based (Signal to Interference and Noise Ratio) at link 

level. Information bits do not flow between base station and mobile station with the 

exception of the transmission power control bits subjected to errors. While the mobiles 

move, the network tries to maintain links to them from any of the possible base stations 

in the area. Uplink and downlink communication resources are limited by codes. An 

OVSF code tree limits the downlink, and the maximum numbers of scrambling code 

phases that may be assigned to the mobiles limit the uplink. Links between transmission 

and receiver antennae pair in the system is subjected to Rayleigh fading, shadowing, 

and distance-based path loss. Naturally, CDMA-specific soft handover is included in the 

UTSI simulator software.
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6.1 Description

A flow chart of the UTSI network simulator software is presented in Figure 6-1. After 

the simulator has been started from the Command Window of Matlab it starts reading 

configuration files of a cellular system provided and edited by the user. There are four 

of these configuration files in ASCII format, which can be edited with the Editor of 

Matlab. In the next procedure the simulator builds system entities and creates a model 

of the UMTS compliant air interface. Mobile stations of various types and different base 

stations and their cells, as configured by the user, are placed in the simulation 

environment. Resources are allocated to cells, and link-specifications are assigned to 

mobile stations. Different fading sequences are loaded and started, and DTX 

(Discontinuous Transmission) models are initiated. A display of the cell configuration is 

provided for the user. The mobile stations are distributed with different parameters into 

the network. The user can also manually place predetermined number of mobiles into 

the network. The actual system simulation has two main phases: the warm-up process 

and the live process. The simulation ends after the live process.

( START )

/ READ V 
\ CONFIG у/

Cellini.m 
Simcnfg.m 

iminil.m 
Siminil.m

BUILD
SYSTEM

ENTITIES.

DISPLAY
TOPVIEW

WARM-UP
PROCESS

PROCESS

Figure 6-1. Main flow chart of UTSI network simulator
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6.1.1 Warm-up and Live Processes

These system simulation phases are identical with the exception that the warm-up 

process is time-independent, and the live process is time-dependent. In the warm-up 

process the power control and active set states are stabilized. There are no moving 

mobiles in the system, and the fading channels are time-invariant. In the live process the 

system basically ”goes live”, and the mobile stations begin to move. Now the fading 

channels are changing according to the movement of the mobile stations. Active sets of 

the mobiles are also changing in the live processing phase. During the live process 

various parameters of interest for the system analysis and different reports are recorded 

at both slot- and frame-rate basis.

(f START

TX FRAME

TX SLOT

COMPUTE
CHANNELS

RX SLOT

ANALYZE
SLOT

ADVANCE SLOT -RATE 
PROCESSES

ENOUGH

RX FRAME

ANALYZE
FRAME

RESULTS

SAVE
RESULTS

ADVANCE FRAME-RATE
PROCESSES

ENOUGH
FRAMES?

C START ^

TX FRAME

TX SLOT

COMPUTE
CHANNELS

RX SLOT

RX FRAME

ENOUGH
FRAMES?

C END

WARM-UP PROCESS LIVE PROCESS

Figure 6-2. Warm-up and live processes
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6.1.2 Functions

The Read Configuration function loads four configuration files as input into the 

simulator. These files specify the communication system, reporting format, and 

simulation control parameters.

The Build System Entities function creates the air interface configured by the user. The 

user sets position, antenna height, antenna system type, antenna direction and CPICH 

power for each cell in the network. Communication resources are assigned to each cell. 

Depth of 8 OVSF tree is used in both uplink downlink. Each mobile station uses two 

codes in the downlink, one for the DPDCH and one for the DPCCH. In the uplink each 

mobile station uses one scrambling code phase for identification on to of OVSF tree. 

Each cell has 512 scrambling code phases available. Mobile station distribution is 
created based on configuration files, where it is possible to define amounts of different 

mobile types into cells. Also maximum and minimum distances of mobile stations from 

the base station can be defined. The user can also manually place mobiles with a click 

of a mouse.

Each frame starts with the Tx Frame function, which initializes links of the mobile 

stations. It is an empty function used only as a marker for the main outer loop process.

In the UMTS FDD system a 10 ms frame consists of 15 slots [23]. Initially the traffic 

channel power in each link is zero. During the Tx Slot function each link is prepared for 

transmission by computing the transmission power based on the DTX-model and the 

status of the connection between the mobile station and the network. If the mobile is in 
idle DTX-state, the transmitted DPDCH power is set to zero. Power control is not 

affected by the DTX and thus can retain its current values. If an active set size of a 

mobile is zero, there is no connection to any cell, and so DPDCH and DPCCH are 

turned off. In other situations the transmitted DPDCH power is set according to the 

current command by the power control mechanism of the link. The transmitted DPCCH 

power is a fixed offset relative to the DPDCH power [24].

After transmission powers of the uplinks and downlinks of all mobile stations have been 

established the Compute Channels function, as the name indicates, computes the 

channels between the antennas of the mobile stations and the cells. The multipath 

channel is derived from system wide fading sequences. Any path with a particular
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Doppler spectrum is a sampled form of the fading sequence. The Doppler spectrum 

determines with a pointer when system Rayleigh fading sequence is employed. Shadow 

fading mechanisms of different links are based on the system wide shadow fading 

sequence. The Rayleigh and shadow fading values for a particular path or a link are 

obtained by lookup-table according to the corresponding pointers. The average power of 

the tap of the path is multiplied with the product of the two previously mentioned 

pointers. Also the gains of the antenna systems and path loss are included in channel 

calculations. Okumura-Hata model, CODIT model, and free space model with different 

terrain correction factors can be used for path loss calculations [24].

The Rx slot function consists of the processing required for signal quality measurements 

and power control execution. To determine the SIR and received signal power for each 

link the total transmitted power has to be measured from antenna systems. The total 

power received at a given antenna is the sum of the signal power transmitted at each 

antenna system weighted by the corresponding channel gains. One assumption is that 

the multipath delays from a mobile station to each of the antenna in a cell are identical. 

Another assumption is that the DPDCH signal transmitted on each cell antenna is 

identical. It is also assumed that there is a RAKE receiver in both uplink and downlink. 
The fourth assumption says that all signals transmitted through a common antenna use 

orthogonal spreading codes. This does not mean that received signals are interference 

free because multipath propagation destroys some of the downlink orthogonality.

The Analyze slot function records the slot-rate measurements shown in Table 6-1.

Table 6-1. Slot-rate-based measurements stored in history

Context Measure Units Scope
Uplink & Downlink DPDCH Tx Power Watts All mobiles

DPDCH Rx Power Watts All mobiles
DPDCH SIR - All mobiles

Mobile & Cell Total Rx Power Watts All mobiles, all cells

The Advance Slot-Rate Processes function updates the Rayleigh fading states of all 

uplinks and downlinks.

The Rx frame function describes the processing required to model the reception of one 

frame on both the uplink and the downlink. This function handles the Active Set
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Manipulation. An active set consists of a set of cells that have allocated resources for a 

mobile station. Uplink and downlink active set sizes may be different due to resource 

limitation at cells. A maximum size can be defined for the active set in the simulator. 

Desired Cells is a set of cells to which a mobile station would like to connect. The 

mobile station measures the received CPICH power and adds the cell to the set of 

desired cells if the power received is higher than the best cell’s Rx CPICH minus cell 

join power. A cell cannot be at the same time in active set and in the set of desired cells. 

Resources at cells are distributed on a first come first serve basis, and if there are no 

resources left in any of the desired cells then the connection is dropped and it the next 

frame it is NOTCONNECTED mode. User tries immediately to reconnect. It is also 

assumed that one frame is long enough to average out the interference received during 

the CPICH power measurement.

The Analyze frame function records the frame-rate measurement shown in Table 6-2.

Table 6-2. Frame-rate-based measurements stored in history

Context Measure Units Scope
Uplink & Downlink Active Set Size Cells All mobiles

DTx Status ON,OFF All mobiles
Connection BLOCKED All mobiles

DROPPED
CONNECTED
NOTCONNECTED

Mobile Eastings meters All mobiles
Northings meters All mobiles
Rx CPICH Power Watts All mobiles, all cells

Cell DL Code Utilisation Codes All cells
UL Code Utilisation Codes All cells

The Display Results function interprets the measurement recorded during the 

simulation. A number of figures (UL/DL Tx/Rx Power, UL/DL SIR, UL/DL Et/No, 

Active Set Size, etc...) for detailed analysis can be attained. The Save Results function 

saves results according to user-defined SaveRate into text-based output or postscript 

files.

The Advance frame function is used to update mobility of mobiles, DTX status, shadow 

fading, and position-dependent path loss. A speed and turning probabilities can be 

determined for different kind of mobiles, for example, pedestrians and vehicles.
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6.2 Aspects of Environment and UMTS Standard

Modeling of the environment and the UMTS FDD system functionalities described in 

the 3GPP standard are the two main features of the UTSI simulator software. The 

following sub-sections describe these aspects of the environment and the UMTS FDD 

standard.

6.2.1 Environment Model

Table 6-3 presents the aspects of the environment modeled in the UTSI WCDMA 

network simulator software.

Table 6-3. Aspects of the environment

Aspects of the Environment
Mobile Station Mobility______
Mobile Station Antenna System
User Distribution___________
Multipath Propagation_______
Long Term Path Loss________
Shadowing________________
Speed Dependent Fading_____
Cell Antenna System________

• Mobile Station Mobility

There are multiple possibilities to create different types of moving mobile users into the 
UTSI WCDMA network simulator software. One example of a pedestrian mobile user 

is presented in Table 6-4.

Table 6-4. Mobile user types

Mobile type Generic person
Channel/Mobility model Pedestrian
Antennae height (m) 1,5
Antenna pattern Omni
Antenna configuration Spatial
Uplinks DPCCH

DPDCH
Downlinks DPCCH

CPICH
CCPCH
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The mobility of the mobile stations is defined in turning and speed probability 

distribution matrixes. In tuming-PDF the first column is probability, and the second is 

mobile direction (0 corresponds to east). In speed-PDF the first column is probability 

and the second column is mobile speed in meters per second. These distributions are 

calculated once in a frame.

TurnPDF = [
0.8,0,
0.1, -90,
0.1,90];

SpeedPDF = [
0.2, 0,
0.2,10,
0.6, 20];

• Mobile Station Antenna System

In mobile stations omnidirectional antennae with 0 dBi gain are used. The user of the 

simulator can also define this parameter.

• User Distribution

Mobiles are placed within a disc specified by minimum and maximum radii. Within this 

disc the angle is first selected uniformly between 0 and 2 л radians and then checked for 

sufficient gain from the antenna. The antenna must have gain exceeding -10 dB in the 

direction chosen. Finally, the radius is uniform between minimum and maximum 

distance from the base station. Users can be placed with two random generator 

algorithms. The fixed seed algorithm generates the users always at the same place, but 

new users are located randomly. The random seed algorithm generates users always 

randomly.

• Multipath Propagation

The simulator uses the multipath delay profiles specified in ETSI. The delay and power 

of discrete multipath are defined for different speeds and locations of the antennae pair. 
In Table 6-5 are presented channel models used in the simulator. Power is presented in 

decibels compared to the first channel tap. Delay values are nanoseconds. Doppler 

spectrum is CLASSIC for vehicular- and pedestrian-type channels and FLAT for 

indoor-type channel. Standard deviation for all channel models is 8 dB.
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Table 6-5. ETSI channel models

Channel model Parameter 1 2 3 4 5 6 Delay Spread
VEHICULARA Relative Power fdBl 0 -1 -9 -10 -15 -20 'llnDelay fnsl 0 310 710 1090 1730 2510

Spectrum CLASSIC
ShadowStdDevdB 8

VEHICULARB Relative Power fdBl 0 2.5 -10.3 -7.5 -22.7 -13.5 ■ M ItDelay fnsl 0 300 8900 12900 17100 20000
Spectrum CLASSIC
ShadowStdDevdB 8

PEDESTRIAN Relative Power fdBl 0 -9.7 -19.2 -22.8 ■InDelay fnsl 0 110 190 410
Spectrum CLASSIC
ShadowStdDevdB 8

INDOOR Relative Power fdBl 0 -3 -10 -18 -26 -32 Г4ÏÏ
Delay fnsl 0 50 110 170 290 310
Spectrum FLAT
ShadowStdDevdB 8

• Long Term Path Loss

Following path loss models with different terrain types are available in the simulator. 

Free space model, Okumura-Hata model, and CODIT model are implemented with 

different terrain correction factors in the present version of the UTSI WCDMA 

simulator software.

Table 6-6. Path loss models in UTSI

Model Terrain type
Free space NA
Okumura-Hata Large city

Small city 
Suburban
Rural

CODIT Large city
Small city 
Suburban
Rural
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Shadowing

Log-normal shadow fading is enabled. The rate of the shadow fading is set according to 

the mobile station speed. The shadowing rate is always equal to the speed of the mobile 

station divided by 10. Default value of 8 dB is used as the standard deviation of the 

Shadowing process.

• Speed-dependent Fading

Rayleigh fading affects each of the taps of the channel models. The maximum Doppler 

shift-rate and fade-rate in each case is computed according to the current speed of the 

mobile station.

• Cell Antenna System

The basic antenna type is 120-degree sector antenna with gain of 13 dBi. The user can 

define special beam patterns like omnidirectional and other sector antennae. Also real 

antenna data from measurements can be implemented.

6.2.2 UMTS Standard Modeling

Table 6-7 presents some features of the UMTS standard modeled in the UTSI software.

Table 6-7. UMTS-modeling in the UTSI software

Aspects of the UMTS Standard

Service Specifications_________
Control/Data Multiplexing_____
Spreading by OVSF codes_____
Scrambling by Long Gold Codes
One Bit Power Control________
Error Control Coding_________
DTX-modeling______________
Connection_________________
RAKE

• Service Specifications

Following services presented in Table 6-8 are employed in the simulator. It is possible 

to define uplinks and downlinks separately to achieve asymmetrical services.
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Table 6-8. Basic service specifications

Service User bit rate Delay type SF UL/DL PC Channel
Voice 7.5 kbit/s LCD, DTX 256/256 Yes DPDCH
Low rate data 64 kbit/s LCD, UDD 16/32 Yes DPDCH
Medium rate data 144 kbit/s LCD, UDD 8/16 Yes DPDCH
High rate data 384 kbit/s LCD, UDD 4/8 Yes DPDCH
Control - - 256/4-512 Yes DPCCH
BCH - - -/256 No CCPCH

• Control and Data Multiplexing

In the uplink the DPCCH is I-Q/code-multiplexed with the DPDCH, and in the 

downlink the DPCCH is time-multiplexed within a slot with the DPDCH. In the UMTS 

standard the DPCCH is used to transmit pilot information, power control, and transport 

format indicator. In the simulator the information they contain is not transmitted except 

for the power control, which is essential for the proper system operation. The channels 

are transmitted only in order for the interference they cause.

• Spreading by OVSF Codes

OVSF codes have the property that communications using two codes from the code tree 

will be interference free if they are not in each other’s family sub-tree. In the downlink 

it is assumed that each link to a mobile station must be allocated a code from the depth 

of 8 OVSF tree. The tree has the property that if all of the codes of a particular 

spreading factor are allocated no other code is available [24]. Figure 6-3 demonstrates 

an example of OVSF utilization.

OVSF Codes for Cel 2

Figure 6-3. OVSF utilization with two 144 kbit/s vehicle type users
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The utilization of OVSF tree is computed as in the following equation (6-1).

UoVSF - X orv \ ~ 1
i SF(ct)

For example in Figure 6-3 the utilization is

tw=Ç1U^=r°'125-12'5%
• Scrambling by Long Gold Codes

(6-1)

(6-2)

In the uplink there are 512 long scrambling code phases available for assignment to 

mobile stations that wish to connect to a cell. Each mobile station has its own OVSF 
tree for channelizing its uplinks. The simulator assumes that there are always enough 

OVSF codes for link multiplexing at each mobile station.

• One Bit Power Control

Each link has a target SIR for the power control process. This target is achieved via 

physical transmission over many transport mechanisms between a mobile station and 

some of the cells in the network. It is assumed that channels between each antenna on 

the transmitter and each antenna on the receiver are statistically independent. The 

effective SIR of a link is the sum of the SIRs on the links between each possible antenna 

pairing [22].

The UTSI simulator models power control algorithms described in 3GPP specifications 

[13]. Based on received SIR the Inner Loop Power Control mechanism makes a 

decision to either increase or decrease the transmit power of the signal. For each link a 

certain target SIR can be defined, and if the SIR is less than this quantity the command 

will be to increase the transmit power. Similarly, the power control will command to 
decrease the transmission power if the SIR is higher than the SIR-target.

In the simulator the power control step can be defined freely. In order to model the 

possibility of a power control error an error probability can be defined for each link or 

service. The power control error process is statistically independent from slot to slot and 

for each slot P(Command Error) - PCErrorRate. A uniformly distributed random
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number z is generated between 0 and 1. If z < PCErrorRate, then power control makes 

an error. The probability of getting к power control errors consecutively is 
PCErrorRatek. The Outer Loop Power Control, which adjusts the SIR-target of the 

Inner Loop Power Control to fit the current environment for achieving the minimum 

quality of service for a certain service, is not implemented into the software. This means 

that each type of link, for example uplink of speech, is modeled with a fixed and time- 

independent Inner Loop Power Control SIR-target.

• Error Control Coding

Coding schemes used in the simulator are presented in Table 6-9. Eb/N0 of a link is 

obtained by summing SIR of a link and proper coding gain for a service. Gains are 

derived from [22]

Table 6-9. Error control coding schemes possible in the simulator

Scheme Rate Gain (dB) Service Parameter
Turbo 1/3 6,5 Data Turbo
Convolutional 1 1/2 4,77 Voice / Data CCI
Convolutional 2 1/3 5,22 Data CC2

• DTX-Modeling

For speech and packet services the following model for discontinuous transmission can 

be used to reflect the manner in which information sources behave. Table 6-10 presents 

four parameters used in DTX-model. These parameters are based on speech model, but 

can be used for packet services as well with certain parameter modifications, which suit 

for packet-based asymmetric services.

Table 6-10. DTXparameters

Parameter Description
Sentence Length The length remaining of the currently spoken sentence. Sentence length 

is the length of time a speaker takes to complete one statement.
Listening Length The length remaining of the current listening space. Listening space 

is the silent period when listening to what the other party is saying.
Word Length The length remaining of the currently spoken word.
Interword Length The length remaining of the space between two words.
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• Connection

In the UTSIWCDMA network simulator software the mobile station is connected to the 

base stations if it can receive CPICH with certain power threshold. The 

MinRxCPICHPower parameter is intended to allow the simulator to control when a 

mobile will no longer receive coverage by a cell. The MinRxCPICHPower parameter 

means it is easy to manage active set members due to that power is a measurable 

parameter. The MinRxCPICHPower is received power only, and it does not take into 

account interference. When the software was written, there was no definition for ЕЛо- 

The 3GPP standard 25.215 Physical layer - Measurements (FDD) includes typical 

measurements made by mobiles. Some examples are presented in Table 6-11.

Table 6-11. Measurements to be made at the mobile station

1. UTRA carrier RSSI (Received Signal Strength Indicator)
2. CPICH RSCP (Received Signal Code Power)_________
3. CPICH Ec/Io = RSCP/RSSI

UTSI software uses CPICH RSCP for active set management. The use of CPICH ЕЛо 

is currently under consideration. Issues complicating its implementation include 
resonant behavior of the system due to simultaneous connection of all mobile stations. 

This suspected resonant behavior does not occur in RSCP-based active set management 

due to the inherent low pass filtering that averages the noise out according to Ian 

Opperman at Southem-Poro Communications.

• RAKE

The number of RAKE fingers used is equal to the number of taps in the channel. The 

channel estimation is assumed perfect, and a RAKE finger is executed for each of these 

non-zero taps. This quantity cannot be changed in the UTSI simulator software.

6.3 Summary

This chapter has introduced the basic operation of the UTSI WCDMA network 

simulator software. The modeling of the environment and the UMTS standard were also 

discussed. Following chapter presents the simulations of this Master’s thesis, which 
executed with the UTSI UMTS WCDMA network simulator software.
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7 SIMULATIONS AND RESULTS

This chapter provides a description of a simulation plan executed in this Master’s thesis. 

The simulation plan consists of different phases including various case studies. Results 

from each case study are introduced and analyzed based on information gained from 

simulations and theory of WCDMA. The results of the simulations provide some 

understanding of the WCDMA capacity and interactions between different data rate 

services. UTSI UMTS WCDMA network simulator was used in this Master’s thesis to 

simulate the capacity characteristics of a macrocell network in a suburban propagation 

environment. Different circuit switched services such as 7.5 kbit/s speech, 64 kbit/s 

data, 144 kbit/s data, and 384 kbit/s data were simulated with the simulator software. 

Some simulations were executed during spring and early summer of year 2000 to test 
and verify that the simulator worked properly. The first months of this work 

concentrated on learning to use the software efficiently and fixing some problems that 

occurred in the software. During this period of work the basic knowledge of the 

WCDMA air interface and other simulators and simulations was gathered. The capacity 

study of a macrocell network focused first on a base-line single-cell or a small network 

for homogenous traffic. Afterwards, the study concentrated on mixed traffic served by 

multiple base stations and cells.

The first simulation phase studied the capacity of a single omnidirectional cell. This 

phase included three cases with homogenous services. The first case focused on finding 

the capacity of a single omnidirectional cell serving non-moving or static pedestrian 

users. The second case was basically the same as the first case, but the users were 

moving in the omnidirectional cell. The third case studied how the inter-cell 
interference affects the capacity and the quality of a network consisting of one 

omnidirectional cell and six surrounding three-sector base stations. The second phase 

studied the capacity of the WCDMA-based network serving mixture of services. The 

effects of increasing the number of speech users and data users in the network were 

studied in a couple of cases. The effect of the power control error rate and step size on 

the capacity and the quality of the network were investigated in the third phase. The 

fourth phase studied soft handover parameters and their effects on the capacity and the 

quality the network.
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7.1 General

The capacity of the WCDMA-based network was examined using homogenous, 

heterogeneous, non-dynamic, and dynamic traffic in a suburban propagation 

environment. Homogenous service means, for example, that there are only speech users 

in the network. Heterogeneous means that there are different data rates and services in 

the network. Non-dynamic means that users are not moving in the network and so the 

radio channel is not changing during simulations. Dynamic means that users are moving 

around the network with specified speed distribution. Capacity was examined mainly in 

terms of simultaneous users and throughput bit rates. Capacity was calculated using 

minimum grade of service requirements. Various PC SIR-targets for inner loop power 

control were used for different data rate services. The maximum capacity of a network 

or a cell was reached when a certain SIR-level was not achieved for 5 % or more of the 

power control slots examined during simulations.

After each simulation the simulator gave information about cumulative distributed SIR- 

levels measured from all users in the network. This is presented in Figure 7-1. The 5%- 

mark indicates that 5 % of the measured SIR-levels of uplinks have been less than the 
corresponding value during this simulation. The maximum capacity has been reached in 

the right picture due to that the 5%-mark is below 0 dB SIR-level.

Group of i

Figure 7-1. Cumulative distributions of SIR-levels

In these simulations it was tried to achieve a 0 dB SIR-level for 95 % of the time for all 

users in the network. By setting the inner loop power control SIR-target above 0 dB, for 

example, 5 dB as for speech service, it was possible to achieve 0 dB SIR-level during 

95 % of the time up to a certain number of users. As the number of users increased
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beyond a certain point, it was not anymore possible to achieve the target of 0 dB SIR- 

level for 95 % of the time for all users. It was stated that the point where this occurred 

was the limit for the capacity of the network or the cell as presented in Figure 7-2. This 

threshold of 95 % was considered a good enough indicator in the time domain to 

guarantee a high enough quality of service.

SIR / dB
95 % of the measured SIR-levels are above this level

5 % of the measured SIR-levels are below this level

Maximum capacity

Number of users

Figure 7-2. Definition of the maximum capacity

The SIR-level of 0 dB derives from SIR-values that Turbo codes can use to start 

bringing down the BER-values of different data rate services. A decent Turbo code, as 

used in the UMTS FDD, can start iterating and will converge to arbitrarily low BER- 

values if it starts from 0 dB SIR-level [25]. This level can be changed according to what 

kind of coding wants to be used. The capacity is lower when using a higher quality of 

service requirement

7.1.1 Simulation Parameters

Table 7-1 presents general parameters used in the simulations of this Master’s thesis. 

The first general parameters define characteristics of a base station system. These are 

CPICH powers, antenna gains, and antenna heights for different cells. The minimum Rx 

CPICH power was set to -90 dBm meaning that the mobile had to receive CPICH- 

signal at this or higher level to stay connected to a cell. The mobiles were placed into a 

cell according to a uniformly distributed angle and a uniformly distributed minimum 

and maximum distance from a base station. Users are not uniformly distributed in the 

areas of cells due to this. This leads to that there are more users near centers of cells
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than at edges of cells. The next parameters in the Table 7-1 define UMTS FDD-specific 

issues such as number of scrambling codes, duration of one slot, number of slots in one 

frame, and power control rate. Soft handover parameters such as cell join power and 

maximum active set size, are also presented. These parameters have been described 

earlier in Chapter 6.

Okumura-Hata path loss model with suburban terrain type correction was used in these 

simulations. The model was presented earlier in Chapter 5. Radio frequency of signals 

was set to 2 GHz. Also background noise power including receiver noise figure was 

calculated. Different simulation lengths were used for different kinds of situations. 

Simulations of 50 frames (0.5 s) were used for non-dynamic traffic due to stable radio 

channel. Simulations of 500 frames (5 s) were used for dynamic situations with a low 

number of users. Simulations of 100 frames (1 s) simulations were used for dynamic 

situations with a high number of users. One restricting resource was lack of powerful 

computer hardware for long simulations. Matlab is not the most memory- and 

processor-efficient tool for large-scale simulations.

Table 7-1. General simulation parameters

Parameter Value Unit
Tx CPICH power (omnidirectional 30 dBm
Tx CPICH power (sector) 20 dBm
Minimum Rx CPICH power -90 dBm
Omnidirectional antenna gain 0 dBi
Sector antenna gain 13 dBi
Antenna system height 30 m
Base station spacing 2 km
Mobile minimum distance 100 m
Mobile maximum distance 800 m
OVSF depth 8
Scrambling codes in uplink 512
Duration of a slot 0.667 ms
Slots in one frame 15
Power control rate 1500 Hz
Cell join power -6 dB
Maximum active set size 3
Path loss model Okumura-Hata
Terrain type Suburban
Frequency 2 GHz
Background noise power -103.2 dBm
Receiver noise figure 5 dB
Simulation length 50,100, or 500 frames
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7.1.2 Link and Service Specifications

Table 7-2 presents the services and links used in the simulations. Spreading factors are 

according to 3GPP specifications [12]. Maximum transmission powers for mobiles were 

set as stated in the 3GPP specifications. Eight different inner loop power control SIR- 
targets between 0 dB and 10 dB were used for different services. The power control 

error rate was set to 0 %, and the step size for the inner loop power control was set to 

1.0 dB for all services at the first two phases of the simulations. The power-ratio 

DPDCH/DPCCH was set according to [11] for both uplink and downlink.

Table 7-2. Service specifications in simulations

Service Speech 7.5 kbit/s LCD 64 kbit/s LCD 144 kbit/s LCD 384 kbit/s
Parameter UL DL UL DL UL DL UL DL
SF 256 256 16 32 8 16 4 8
Max Tx Power / W 0.125 1 0.25 1 0.25 1.5 0.25 2
PC SIR-target / dB 0/3/5/8 0/3/5/8/10 0/3/4/5/8 0/3/5/8 0/3/5/8 0/3/5/6/8 0/2/3/5/8 0/3/4/5/8
PC error rate / % 0 0 0 0 0 0 0 0
PC step size / dB 0.25-2 0.25 - 2 0.25-2 0.25-2 0.25 - 2 0.25 - 2 0.25 - 2 0.25 - 2
DPDCH/DPCCH / dB -3 -3 -4.5 -4.5 -6 -6 -9 -9

7.2 Simulation Phase 1

The first phase of the simulations studied some basic cases with simple modeling of the 

propagation environment, distribution of users, and movement of users. These 

simulations were also executed to make sure that the simulator was operating correctly. 

The operation of the software was tested. Reference results for further simulations with 

moving users were achieved. Speech service of 7.5 kbit/s was simulated up to 200 

simultaneous users, data of 64 kbit/s up to 32 simultaneous users, and data of 144 kbit/s 

up to 16 users, and data of 384 kbit/s up to eight simultaneous users. The simulations 

were executed with inner loop power control SIR-targets of 0 dB, 3 dB, 5 dB, and 8 dB. 

The PC SIR-targets were always the same for both uplinks and downlinks. The power 

control error rate was 0 %, and the step size was 1.0 dB.
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7.2.1 Case 1

The basic idea in the simulations of case 1 was to study the capacity of a single 

omnidirectional cell. The simulations of the case 1 were non-dynamic meaning that the 

mobiles did not move to any directions and did not turn either. The number of users was 

increased with 10 new users after each 50-frame simulation. The results were saved into 

files. Figure 7-3 presents the layout used in these simulations.

о oo

о oo

-1000

-1500
-1500 -1000

Eastings (m)

Figure 7-3. Single omnidirectional cell layout

The cyan ring in the figure illustrates received signal strength of -90 dBm from the 

center of the omnidirectional cell. Green color indicates that the mobile has been able to 

demodulate the CPICH and is connected to the cell. Small circles indicate that there is 

only one cell in active sets of all mobile stations. The red crosses indicate that the 

mobile has not been able to demodulate the CPICH due to too high attenuation or fading 

effects. A cyan line indicates that a mobile station is monitored and measured by the 

simulator. It belongs to a group called as mobile station of interest. This means that after 

a simulation transmitted powers, received powers, SIR-levels, and active sets of the 

specified mobile station could be analyzed in time domain. Simulations of speech 
services were also executed with discontinuous transmission parameters presented in 

Table 7-3
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Table 7-3. DTXparameters used in case 1 simulations

Parameter Average (s) Minimum (s)
Sentence Length 5 1
Listening Length 5 3
Word Length 0.5 0.1
Interword Length 0.1 0.05

7.2.2 Case 1 Results

Figure 7-4 presents the SIR-results obtained from simulations of non-dynamic speech 

users in a single omnidirectional cell. The power control SIR-target was set to 5 dB for 

each user. The number of users in the omnidirectional cell was increased after each 

simulation. The maximum capacity or the number of users can be determined as the 

curve of the UL 5%-threshold crosses the 0 dB SIR-level. With the 5 dB PC SIR-target 

the maximum capacity was about 70 speech users in the omnidirectional cell. After that 

point the multiple access interference from other users was so high that none of the 

users got good enough quality of service. Average transmission powers of some speech 

user mobiles increased rapidly. As the number of users increased the interference 

increased also, but the mobiles could not maintain their PC SIR-target due to their 

limited transmission powers. When the number of users was 110, the mean value of 

cumulative probability of SIR-values was 0.5 meaning that the users got good quality of 

service above 0 dB SIR-value only 50 % of the time or power control slots. By looking 

the curve of UL Std it can be seen that after the number of users was increased over 60 

the curve started rising. Up to this point all the users could maintain their PC SIR- 

targets, but after that the users far away from the base station or in deep fading 

situations could not maintain their PC SIR-targets of 5 dB. In this situation efficient 

RRM-algorithms should be applied. As can be seen the downlink capacity was stable 

during the whole simulation due to that there was no downlink interference, and there 

was no lack of downlink transmission power at the base station. Due to some limitations 

in the simulator software the parameter for the maximum transmission power of a cell 

for downlink was not possible to define in the latest version of the simulator software. 

This led to that the capacity had to be studied with information based on uplink only 

even that it is stated that the downlink air interface capacity of the WCDMA is shown to 

be less and more critical than the uplink capacity [11]. In WCDMA downlink limits the 

capacity.
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SIR of non-dynamic speech users with 5 dB PC SIR-targets in a single
omnidirectional cell

Users

UL Mean UL 5% UL Std DL Mean DL 5% DL Std

Figure 7-4. SIR of non-dynamic speech users with 5 dB PC SIR-targets

Table 7-4 presents the results from the rest of the simulations in the case 1. Capacity as 

number of users and throughput of bits is calculated for all services in the results. The 

first row is filled with zeros due to that the curve of the UL 5%-threshold was always 

under the 0 dB SIR-level, which was considered the minimum required quality of 

service for the speech and for all the data services. This result indicates that to achieve 

good enough quality over 95 % of the time for all users the power control SIR-target 

has to be some decibels higher than the minimum required quality of service used in 

these simulations. Table 7-4 indicates that with a high power control SIR-target the 

capacity of the omnidirectional cell is low. The high power control SIR-target means 

that there is more multiple access interference inside the cell. Because the capacity of a 

CDMA-based network is interference-limited, the lower numbers of users are served 

with better quality of service than higher number of users. This can also be considered 

the soft capacity of the CDMA system. It can be noticed that in simulations of LCD 144 

and LCD384 the maximum capacity was almost same. The stability of the SIR-values in 

the simulations of LCD384 was inferior compared to the results of LCD 144.
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Table 7-4. Capacity results in case 1 with different PC SIR-targets

Non-dynamic Capacity (Users / kbit/s)
SIR-target (dB) Speech LCD64 LCD144 LCD384

0 0/0 0/0 0/0 0/0
3 100/750 8/512 6/864 4/1536
5 70/525 6/384 4/576 4/1536
8 30 / 225 4/256 4/576 4/1536

The simulations in the case 1 gave some understanding of the capacity that a single 

omnidirectional cell can serve in situations without inter-cell interference from other 

cells. One notable thing was that the users were not moving meaning that the radio 

channel was not affected by the fast fading or the Doppler-shift. Some users could have 

been placed into situations inside the cell where they cannot communicate with the base 

station at all during simulations. This can be seen as the granularity of the UL 5%- 

threshold in Figure 7-4. It is possible that 10 new users are these users that are placed 

into difficult situations. They are still trying to achieve their PC SIR-targets even with 

maximum powers, thus causing high intra-cell interference. The DTX-model used for 

some simulations did not give any better results compared to always-on-type 

simulations.

Different PC SIR-targets were used to find out how many users could be served. Results 

indicate how the capacity behaves and what kind of differences there are between 

different users data rates when considering the capacity. It was also seen that the quality 

of service of different users collapsed when their SIR-values dropped near the 

maximum capacity. Different PC SIR-targets should be used for different data rates and 

services. With high data rate services the capacity is lower, for example, compared to 

the data rate of speech service. Higher data rates have lower processing gains leading to 

inferior receiver sensitivity calculated in link budgets. This is why high data rate 

mobiles have to transmit with high power, and at the same time they cause more 

interference to other mobiles in the cell.

7.2.3 Case 2

In the second case of phase 1 simulations the layout was the same as in case 1, but the 
users were moving 1 m/s and 10 m/s with turning distribution presented in Table 7-5. 

ETSI’s Pedestrian-channel model was used for users that were moving 1 m/s, and 

ETSI’s VehicularA-channel was used for users moving 10 m/s. Figure 7-5 presents one
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example of zoomed view of a moving user inside the omnidirectional cell. Simulation 

length of 500 frames was used for these simulations to give mobile stations some time 

to move in the cell. The interval of turning and change of speed was one frame, 10 ms.

Table 7-5. Turning probability distribution

PEDESTRIAN VEfflCULARA
Probability Degrees Probability Degrees

0.65 0 0.8 0
0.15 90 0.1 90
0.15 -90 0.1 -90
0.05 180 0 180

-390
Eastings (m)

Figure 7-5. Zoomed view of moving user

7.2.4 Case 2 Results

Figure 7-6 presents results from a dynamic simulation concerning moving speech users 

in a single omnidirectional cell and having power control SIR-targets of 5 dB. The 

maximum capacity is about 80 simultaneous speech users. So, it is higher than in the 

case 1. When comparing to Figure 7-4, it can be noticed that the curve of the UL 5%- 

threshold is smooth. This smoothness and higher capacity is due to that the users are 
moving around. The movement affects that the radio channel is changing for each user. 

The users are not anymore constantly in difficult propagation situations. Also the curves 

of standard deviation are higher due to speeds of the mobile users.
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SIR of 1 m/s moving speech users with 
5 dB PC SIR-targets in a single omnidirectional cell
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Figure 7-6. SIR of dynamic pedestrian speech users with 5 dB PC SIR-targets

Table 7-6 presents the simulation results from different services. When comparing the 

results from the case 1, it can be seen that the capacity of data services has degraded, 

but the capacity of the speech service has increased. The reason for higher capacity of 

speech users is that the movement of many speech users averages well their SIR-levels. 

The standard deviation is not so high with slow-speed mobiles. The high standard 

deviation of the SIR from data users leads to a lower capacity. The number of data users 

was so low that movement could not average the SIR-levels as well as with speech 

users. Even one user in a bad place could cause a lot of interference compared when 

there were many users as with speech simulations.

Table 7-6. Capacity results in case 2 with different PC SIR-targets (speed l m/s)

Dynamic 1 m/s Capacity (Users / kbit/s)
SIR-target (dB) Speech LCD64 LCD144 LCD384

0 0/0 0/0 0/0 0/0
3 130/975 8/512 4/576 2/768
5 80 / 600 6/384 3/432 2/768
8 40 / 300 2/128 2/288 1/384
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In Figure 7-7 is illustrated the results of users were moving 10 m/s in VehicularA- 

channel. It can be seen that the standard deviations are much higher than with pedestrian 

users moving 1 m/s. The maximum number of users or the capacity has dropped to 70 

users in the omnidirectional cell. The reason for these differences is the power control, 

which is not able to compensate so well anymore the fast fading affecting the radio 

channel of fast moving mobile users. There are times that the mobiles are transmitting 

with too high or too low power. This leads to higher standard deviation of SIR than with 

lower speeds. This also decreases the capacity due to that the mobiles transmit with too 

high power causing high multiple access interference to other mobiles in the cell.

SIR of 10 m/s moving speech users with 
5 dB PC SIR-targets in a single omnidirectional cell

m■o

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Users

UL Mean -u- UL 5% UL Std -x- DL Mean DL 5% DL Std

Figure 7-7. SIR of dynamic vehicular speech users with 5 dB PC SIR-targets

Table 7-7 presents the simulation results from different services. The results gained 
from the case 2 simulations gave some understanding how the movement of users 

affects the capacity of an omnidirectional cell serving homogenous service users. The 

maximum capacity increased for the speech service users when moving slowly. Higher 

standard deviation of the SIR caused decreased maximum capacity for data services. 
Results indicate that for moving users the PC SIR-target should not be too low due to 

possible high standard deviations. Also, it should not bee to high due to interference.
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Table 7-7. Capacity results in case 2 with different PC SIR-targets (speed 10 m/s)

Dynamic 10 m/s Capacity (Users / kbit/s)
SIR-target (dB) Speech LCD64 LCD144 LCD384

0 0/0 0/0 0/0 0/0
3 0/0 1/64 1 / 144 1/384
5 70 / 525 4/256 2/288 1/384
8 40 / 300 2/128 1/144 1/384

For example, when looking LCD64 users with different PC SIR-targets and moving 10 

m/s, it can be noticed that with 5 dB PC SIR-target the capacity is 4 simultaneous users, 

but with 3 dB PC SIR-target it is lower. This phenomenon is due to speed of mobiles 

leading to high standard deviation of SIR. With 8 dB PC SIR-target the capacity is 

limited by interference from other users.

7.2.5 Case 3

In the simulation case 3 there was a similar omnidirectional cell in the center of a small 

and simple network. There were six base stations with interfering 3-sector cells 

surrounding the omnidirectional cell as illustrated in Figure 7-8. The idea was to study 

how increasing the number of interfering users in surrounding cells affect the quality 

and capacity of the users in the middle omnidirectional cell.

-4000 -3000 -2000 -1000 0 1000 2000 3000 4000
Eastings (m)

Figure 7-8. Network layout used in case 3
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The interfering users in surrounding cells were only placed into the cells facing the 

omnidirectional cell. The simulation length was only 100 frames due to amount of users 

and computer resources. Service was homogenous, and all users were moving 1 m/s and 

had the turning distribution presented in Table 7-5. The number of users was increased 

in every cell depending on the previous simulation results gained from the case 1 and 2. 

The idea was to select a point from the curve of the UL 5%-threshold of the SIR where 

the curve was not yet descending. For example for speech service with 8 dB power 

control SIR-target the chosen point was 30 users and so the simulations in the case 3 

were executed with 20, 30, 40, and 50 users in each cell. Soft handover situations were 

possible with parameters presented earlier in Table 7-1.

7.2.6 Case 3 Results

Figure 7-9 presents capacity results for speech users with different power control SIR- 

targets. It should be noticed that all users are using same PC SIR-target in simulations. 

In real networks PC SIR-targets are link-specific and might be different for different 

users. The figure illustrates how interfering users in surrounding cells affect the capacity 

of the omnidirectional cell. When looking, for example, the curves of 5 dB PC SIR- 

target, it can be noticed that with about 50 users in each cell the capacity of the 
omnidirectional cell is at the maximum. When there are 60 users in each cell, the SIR- 

levels of users in the omnidirectional cell have degraded under 0 dB SIR-level, which is 

considered as the indicator of the maximum capacity. The yellow curve indicates the 

results gained from the case 2 simulations when the users in the omnidirectional cell 

were not interfered by the users in the surrounding cells. The curve of 5 dB PC SIR- 
target indicated then that about 80 users could be served, but case 3 results indicate that 

only about 50 users can be served when users in surrounding cells cause interference to 

the omnidirectional cell. The capacity has degraded about 38 %.
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5%-threshold of uplink SIR for speech users moving 1 m/s
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Figure 7-9. Results for speech service with different PC SIR-targets

Table 7-8 presents the capacity results obtained from different services simulated in the 

case 3. For data services the amount of users in each cell was increased from one user 
up to 10 simultaneous users. LCD64 users did not suffer so much degradation of 

capacity compared to LCD 144 and LCD384 users. This is due to better receiver 

sensitivity at the base station side, and lower needed uplink transmission power. These 

issues are directly connected to the amount of the interference and the capacity in the 

network. According to these simulation results inter-cell interference can cause serious 

degradation in the maximum capacity of the cell or network. Results indicate 

degradation of the capacity between 20 % and 67 %.

Table 7-8. Capacity results in case 3 with different PC SIR-targets

Dynamic 1 m/s Capacity (Users / kbit/s)
SIR-target (dB) Speech LCD64 LCD144 LCD384

3 80 / 600 5/320 2/288 1/384
5 50 / 375 5/320 1 / 144 1/384
8 30/225 1/64 1 / 144 1/384
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7.3 Simulation Phase 2

In the Simulation phase 2 the focus was to study how the use of different services with 

different data rates affect each other. In case 1 the number of data users was kept 

constant, while the number of speech users was increased. In case 2 the number of 

speech users was kept constant, while the number of data users was increased. SIR- 

levels of the data users and speech users were studied. All the mobiles were moving 

with the speed of 1 m/s. The duration of the simulations were 100 frames. Both cases 

were executed in one omnidirectional cell and also in the small and simple network of 

seven base stations and 19 cells. Figure 7-10 present the layout of the network of 

multiple cells used in phase 2 simulations. As can be seen from Figure 7-10 the mobiles 

can be in soft handover situations. A green circle means that there is no soft handover 

situation, a green cross means there are simultaneous connections to two cells, and a 

green triangle means there are simultaneous connections to three cells.

Eastings (m)

Figure 7-10. Network layout of the simulation phase 2
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7.3.1 Case 1

There were two 64 kbit/s users, two 144 kbit/s users, and one 384 kbit/s user in the 

simulation case 1. The number of speech users was increased up to 30 per a cell, and the 

effects on the quality of data users were studied. Simulations were executed with 

service-specific PC SIR-targets presented in Table 7-9. They are derived from earlier 

simulation cases. For speech 5 dB was considered a good PC SIR-target for the uplink 

due to a better receiver sensitivity and lower transmission powers. Speech service uses 

lower coding rate giving lower coding gain because it needs to a real-time service. 

Receiver sensitivities get worse as the data rates get higher. Transmission powers are 

also higher leading to higher interference. Better coding schemes can be used for higher 

bit rate services such as LCD384 to achieve their quality of service-target. Downlink 
was just two times uplink PC SIR-target, but it did not matter because downlink was not 

studied here. At first, there were users only in the omnidirectional cell and later also 

with the six surrounding cells having the same distribution of users bit rates per a cell.

Table 7-9. Uplink and downlink PC SIR-targets

Service UL PC SIR-target DL PC SIR-target
Speech 5 dB 10 dB
LCD64 4 dB 8 dB
LCD 144 3 dB 6 dB
LCD384 2 dB 4 dB

7.3.2 Case 1 Results

Figure 7-11 presents how increasing the number of speech users affect the quality 

obtained by data users in a single omnidirectional cell. Speech users were able to 

maintain their 5 dB PC SIR-targets quite well. LCD64 users were not affected much by 

the speech users and they could maintain their quality of service. When the number of 

speech users was increased to 20, both the LCD 144 users and the LCD384 user did not 

get good enough quality in the cell. When the number of speech users was 30, the only 

LCD384 user was again served with good enough quality of service by the cell. The UL 

5%-threshold of the two LCD 144 users dropped down to -15 dB. They were probably 

too far away from the base station, and the new speech users were placed near the base 

station leaving the LCD 144 users into outage. It seems that the adding of speech users 

affect more degradingly the higher data rates. The higher interference leads to higher
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transmission power, and also receiver sensitivities come crucial for high data rate users. 

The figure indicates that without inter-cell interference the omnidirectional cell could 

serve about 15 to 20 speech users, two LCD64 users, and two LCD 144 users, and one 

LCD384 user. Soft handover situations with surrounding cells were possible during 

these simulations. The change in soft handover situations can be seen as the granularity 

of the curves, especially with LCD 144 and LCD384 simulations. The lower the 

probability of soft handover the higher the average transmitted powers are. This leads to 

high interference. This is, obviously, too optimistic scenario because there is no inter

cell interference loading the omnidirectional cell.

5%-threshold of uplink SIR for data users in omnidirectional cell
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Figure 7-11. Effect of speech users on data users in omnidirectional cell

Figure 7-12 presents the results when the simulations were executed in seven cells 

simultaneously with same users distribution as in the single omnidirectional cell. The 

situation is totally different when there is inter-cell interference in the network. The 

figure illustrates that only up to 10 speech users could get good enough quality over 

SIR-level of 0 dB, and the higher data rate users could not be served. Inter-cell 
interference is so high that the signal quality of data users is extremely low even with 

few speech users around. On thing that should be noted is that there is no congestion or 

load control algorithm in the simulator, which means that the users are transmitting with
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high powers interfering other users even if they cannot be served by the network. In real 

networks these interfering users would not get access to the network. They would be 

moved to other cells or just left without service. When looking again the figure, it can 

be seen that higher data rates are more affected by the adding of the speech users. To 

make this network work properly there should be less speech users and data users. To 

find the perfect sets of mixed services is a very difficult task. This problem is operator- 

specific due to that the strategy for offering different data rate services in a UMTS 

network can be different for different operators.

5%-threshold of uplink SIR for data users in network
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Figure 7-12. Effect of speech users on data users in network

It can be noticed that the SIR-value of LCD64 users is higher when there were 10 

speech users per cell compared to the situation when there were 5 speech users per cell. 
The reason to this phenomenon is almost 3 dB lower uplink transmission powers due to 

higher probability of soft handover situation. Figure 7-13 presents cumulative 

probabilities of transmission powers in uplink in both situations.
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Figure 7-13. CDFs of uplink Tx-powers

7.3.3 Case 2

In this simulation case the number of speech users was five, and the number of different 

data users was increased from 0 to 10. The effect of different data rates on the SIR of 

speech users was studied to reveal some quality and capacity issues. The effect of one 

data service at a time on the quality of speech users was simulated. The simulations 

were executed both in a single omnidirectional cell and also with the six interfering cells 

having the same user distribution as in the omnidirectional cell. PC SIR-targets for 

different services were the same as in the simulation case 1.

7.3.4 Case 2 Results

Figure 7-14 indicates how different data rates affect the SIR of speech users in an 

omnidirectional cell. With low number of data users up to five the speech users could 

maintain their quality quite well, but after that their received signal quality dropped 

when considering the simulations with LCD 144 and LCD384 users. The number of 

LCD 144 users was increased up to eight, and still the omnidirectional cell served the 

LCD 144 users and the speech users. With nine LCD 144 users only the speech users 

were served with good enough quality over 95 % of the time. In this context the word 

served means that UL 5%-thresholds of SIR were over SIR-level of 0 dB. With 10 

LCD 144 users the interference was so high that none of the users in the cell got good 

enough quality of service. The number of LCD384 users was increased up to five users, 

and still the cell served both speech and data users. The high changes in the SIR-values 
of speech users with more than 5 LCD384 users were dependent on the probability of
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soft handover situation. The more there were cells in the active set the lower powers 

could be transmitted in uplink. This lead to lower level of interference. The placement 

of users into the network affected very much on to the soft handover situation. When 

looking the curve of LCD64 users, it can be noticed that the SIR of speech users were 

not affected very much at all due to low interference caused by the LCD64 users.

5%-threshold of SIR for 5 speech users in omnidirectional cell
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Figure 7-14. Effect of data users on SIR of 5 speech users in omnidirectional cell

Table 7-10 presents the set of users that the omnidirectional cell could serve with good 

enough quality of service. Also the throughputs for a single cell are listed. They are 

calculated by summing user bit rates together. The cell could serve five speech users 

plus eight LCD64 users, or eight LCD 144 users, or five LCD384 users. The curious 

thing is that the capacity is much higher compared to results gained from case 2 
simulations of phase 1. This difference is due to different PC SIR-targets, different user- 

placement strategy of the simulator, and due to the possibility of soft handover 

situations. This leads again to the basic idea that the capacity is directly linked to the 
user distribution in the cell or in the network. Again, these capacity results are from the 

case where there is no inter-cell interference.
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Table 7-10. User-sets that could be served in an omnidirectional cell

User-set mixture Throughput (kbit/s)
5 x Speech+ 8 x LCD64 549.5
5 x Speech + 8 xLCD144 1189.5
5 x Speech + 5 xLCD384 1957.5

Figure 7-15 provides the simulation results obtained from the network. These 

simulations were executed in situations where there occurred inter-cell and intra-cell 

interference. Users were placed into the omnidirectional cell and into the six cells that 

were facing the omnidirectional cell. The results indicate that with 36 LCD64 users the 

35 speech users got good enough quality for their services in the seven cells of the 

network. The maximum capacity was reached already when four LCD64 users were 

added because with five LCD64 users they could not achieve good enough quality over 

SIR-level of 0 dB. The user-set of the maximum capacity was then five speech users 

and four LCD64 users per a cell. Of course, the user-sets should be cell-specific in real 

networks. The curve of LCD 144 indicates that the network could serve up to 35 speech 

users and up to 35 LCD 144 users. Actually, the maximum capacity for LCD 144 users 

was reached already when there were three LCD 144 users per a cell. Up to that point all 

users in the network received adequate quality of service. The user-set of the maximum 

capacity was then five speech users and three LCD 144 users per a cell. The reader may 

notice a drop in the curve of LCD384 at the point where there are two LCD384 users 

per a cell. The reason for this could be that the new LCD384 users are placed into bad 

areas where there are deep fading situations, or they are just placed far away from base 

stations. This leads to that the new LCD384 users have to transmit with higher power, 

which can be seen as interference for the speech users. Every user had to raise their 

power to achieve their power control SIR-target, but it seems that some speech users 

were not able to achieve their PC SIR-targets as well as the others were. When the 

number of LCD384 was raised to three or four, all speech users received adequate 

quality of service. The LCD384 users could not be served after the number of LCD384 

users was above two. They did not get service quality over SIR-level of 0 dB. The user- 

set of the maximum capacity was then five speech users and two LCD384 users per a 

cell. Again we can see that the capacity is very much dependent of the user distribution 

inside WCDMA-based UMTS networks. Table 7-11 presents the simulation results 

collectively, and also throughput as bits for a single cell are calculated. Interference
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causes the capacity to degrade about 50 % when comparing to results from a single cell 

case, which are presented in Table 7-10.

Table 7-11. User-sets and throughputs per cell that could be served in network

User-set mixture Throughput (kbit/s) Degradation (% )
5 x Speech +4 x LCD64 293.5 46.6
5 x Speech + 3 x LCD 144 469.5 60.5
5 x Speech + 2 xLCD384 805.5 58.9

5%-threshold of SIR for speech users in network
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Figure 7-15. Effect of data users on speech users in network

7.4 Simulation Phase 3

The idea in phase 3 simulations was to test how power control errors and step size affect 

the network capacity and in the same time the SIR-levels of different symmetric service 

users presented in Table 7-12. In case 1 UL 5%-threshold of SIR was studied with 

rising error rate between 0 % and 40 %. In case 2 UL 5%-threshold of SIR was studied 

with rising power control step size between 0.25 dB and 2 dB. Lengths of simulations 

were 500 frames for every error rate and step size. Table 7-13 presents the mobility 
model used for all mobile users. All users are pedestrian-type mobile users. The
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network layout was a bit different compared to previous simulation phases. The 

omnidirectional cell was replaced with three sector-cells. Figure 7-16 presents the 

network-layout used in phase 3 and also in phase 4 simulations.

Table 7-12. Services used in simulation phase 3 and 4

Service User bit rate Users
Speech 7.5 kbit/s 9
Low rate data, LCD64 64 kbit/s 9
Medium rate data, LCD 144 144 kbit/s 9
High rate data, LCD384 384 kbit/s 9

Table 7-13. Mobility model for phase 3 and 4 simulations

Probability Degrees Probability Speed (m/s)
0.65 0 0.25 0.25
0.15 90 0.25 0.50
0.15 -90 0.25 0.75
0.05 180 0.25 1.00

Figure 7-16. Network layout used in phase 3 and phase 4 simulations

7.4.1 Case 1 Results

Since the power control commands are transmitted with higher powers and without 

coding due to delay requirements, their error ratio is fairly high, in the order of five 

percent [5]. Figure 7-17 presents how different power control error rates affect different 

services in the network consisting of nine cells. Power control commands are
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transmitted at the frequency of 1500 Hz, and the power control step size is small, for 

example, 1.0 dB. As the figure illustrates the degradation of SIR-levels is quite low 

when comparing the levels between 0 % and 10 %. Up to the power control error rate of 

30 % the degradation of SIR is quite slow, but after that the SIR-levels of all users drop 

fast. This phenomenon happens due to the fact that there are so many power control 

command errors leading to too high standard deviation of SIR. More and more users are 

causing too much interference, and therefore the SIR-levels are dropping faster and 

faster as the power control error rate increases. In difficult radio environments the 

power control error rate might high and this can cause critical decrease to the capacity 

of the network. The simulations indicated that low power control error rates do not 

cause significant problems when mobiles are moving slowly. Higher error rates such as 

20 % and 30 % can already cause some degradation in the capacity of the network.

Effect of power control error rate to 5%-threshold of uplink SIR
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Figure 7-17. Effect of power control error rate on SIR

Table 7-14 presents some estimation from the simulation results how the error rate of 

power control commands affect the network capacity. These results are quite near to 

results published in [26].
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Table 7-14. Capacity degradation against power control error rate

PC error rate / % 0 10 20 30 40
Network capacity / Users 36 36 27 9 0
Degradation / % 0 0 25 75 100
Network capacity / Throughput ( kbit/s) 5395.5 5395.5 1942.38 53.955 0
Degradation / % 0 0 64 99 100

Those results indicated, for example, that with standard deviation of 2.5 dB the 

reduction of capacity would be 20 % with homogenous services [26]. Table 7-15 
presents the effect of different power control error rates on standard deviation (dB) of 

SIR in our simulations. By looking to our simulation results it seems that this level of

2.5 dB corresponds to power control error rate of 20 % or 30 %. With this error rate our 

simulations indicate that the capacity reduction in users would be 25 %. When 
considering the capacity throughput bits, then the reduction with power control error 

rate of 20 % is about 64 %. The reduction of the throughput with power control error 

rate of 30 % is about 99 %. Throughput means the sum of all data rates of users in the 

network.

Table 7-15. Standard deviation of SIR with different power control error rates

PC error rate / % 0 10 20 30 40
Speech 1.61 1.84 2.18 2.95 5.62
LCD64 1.69 1.94 2.16 2.82 4.50
LCD144 1.33 1.52 1.81 2.56 4.53
LCD384 1.00 1.17 1.48 2.07 4.11

7.4.2 Case 2 Results

Power control step size defines how much a power control command changes the 

transmission power. Either a simple up or down adjustment or several adjustment levels 
can be used. Typical step sizes are between 0.5 dB and 1.0 dB. Power control 

adjustment is relative to the previous power setting, since absolute power setting would 

require extremely accurate, and thus expensive power control circuitry [27]. Figure 7-18 

presents the effect of power control step size on SIR. The figure indicated that the best 
quality for speech and LCD64 users could be achieved with step size of 0.5 dB, and for 

LCD 144 and LCD384 users with step size of 0.25 dB. As the step size was increased 

the service quality of the users dropped slowly. One reason can be the low number of 
users in the network. The capacity was not near to its maximum. The results indicate
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that step size is not so critical for slowly moving users as for faster moving users. With 

a too small power control step size fast changing radio environmental situations cannot 

be tracked. This might lead to high interference and to low capacity and even to possible 
overload situations in the network. With high-speed mobiles some recovery is gained 

with an interleaver, which can effectively minimize effects of bursty errors [10]. The 

effect of power control step size on network capacity is not critical with low or medium 

loads as the figure indicates. The specifications of 3GPP define that for the uplink a step 

size of 1 dB is mandatory and 2 dB is optional. For the downlink 1 dB is mandatory and 

0.5 dB is optional. Technology vendors can define their own algorithms for the step 

size, but they have to fulfill the specifications.

Effect of power control step size to 5%-threshold of uplink SIR
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Figure 7-18. Effect of power control step size on SIR

An optimal power control rate depends on speed of mobiles. It would be beneficial to 

have a variable rate of power control and variable step size of power control according 
to speed of a mobile user. This means that the faster the mobiles are moving the faster 

the power control rate and the higher the power control step size should be. One option 

would be to use a fixed power control step size with a variable power control rate up to
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1500 Hz, which is the upper limit of the UMTS FDD system. After that the rate could 

be fixed to 1500 Hz, and the step size would be a variable parameter.

7.5 Simulation Phase 4

The simulations in phase 4 studied the effect of soft handover parameters on the quality 

and the capacity of the UMTS FDD network. Soft handover can give advantage when 

two unreliable links are combined into one in the RAKE receiver. If the two or more 

signals are uncorrelated soft handover gain can be achieved. If links are correlated or 

standard deviations of the random variables are small, the soft handover gain is lost. 

Proper soft handover parameterization can also help to lower own cell and inter-cell 

interference. Ideally, soft handover reduces required transmit powers in UL and DL 

leading to lower interference levels and therefore increases capacity and cell ranges 

[11]. In case 1 UL 5%-thresholds of SIR were studied with different cell join power 

values between 1 dB and 10 dB. This parameter indicates that no cells will be marked as 

desirable for communication unless they have power above cell join power less than the 

Rx CPICH Power of the best cell. The maximum active set size was constant, three. In 

case 2 UL 5%-thresholds of SIR were studied with different active set sizes between 1 
and 10. The active set of a link is the set of cells with which a mobile station has 

allocated resources. The cell join power value was set to 6 dB. Lengths of simulations 

were 500 frames. Power control error rate was set to 0 %. Service mixture, user 

distribution, and mobility models were the same as in the phase 3 simulations.

7.5.1 Case 1 Results

Figure 7-19 presents the effect of cell join power on SIR. These curves indicate that the 

effect of the parameter on the signal quality is not immense. As the cell join power was 

increased the UL 5%-threshold of SIR for different data rates increased a bit. Speech 

users gained about 0.4 dB, and LCD384 users gained about 0.5 dB between minimum 

and maximum value of the cell join power. LCD 144 users gained about 0.6 dB, and 

LCD64 users gained about 1.2 dB. There is not much change after increasing the cell 

join power over 5 dB or 6 dB. This is due to that the active set is already full and no 

new cells can be added to it or there are no new cells in the network area as in these 

simulations there are only nine cells in the network. The variation after cell join power 

of 6 dB derives that mobiles are more frequently in soft handover situations. This means
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that the mean value of active set size during simulations is higher leading to better SIR 

values. This means that the capacity can be enhanced and more users with possible 

higher bit rates can access the network. For example with speech users the average 

active set size with cell join power of 10 dB was 1.53 and with cell join power of 1 dB it 

was 1.05. With lower values of cell join power the active set is not full so frequently, 

and mobiles cannot achieve maximum gains from soft handover situations. As the cell 

join power is increased more cells are used to provide macro diversity through soft 
handover. This means also that soft handover areas between different cells broaden out 

in the network.

Effect of cell join power to 5%-threshold of uplink SIR
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Figure 7-19. Effect of cell join power on SIR

The results from case 1 suggest that the proper value of cell join power should be 

something between 5 dB and 7 dB to give efficient gain to the quality and capacity of 

the network. The system capacity is not changed unless there are some gains such as 

lower interference level, available from soft handover situations. Too high values can 

cause too large soft handover areas leading to that too many mobiles are using macro 

diversity. Soft handover areas can typically be engineered to be about 40 % of the total 

area of the network [11].
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7.5.2 Case 2 Results

Figure 7-20 presents how the active set size affected the signal quality of different 

services in simulated situations. Largest difference occurred when active set size was 

increased from 1 to 2. This change led to that speech users got only 0.040 dB of soft 

handover gain. LCD384 users gained 0.26 dB, and LCD 144 users gained 0.44 dB. 

LCD64 users gained as much as 1.2 dB from soft handover situation. LCD-64 users 

could benefit most from soft handover due to that antennas of the cells received their 

signals easily. The reason to this lies in better receiver sensitivities and user placements 

for LCD64 users than for LCD 144 or LCD384 users. The results can be verified by 

looking the mean values of the active set size. LCD64 users had a mean value of 1.23 

against LCD384 users’ value of 1.09. When the active set size was set to three, the gains 

were not so large anymore. Speech users lost 0.020 dB, LCD384 users gained 0.025 dB, 

LCD 144 users gained 0.060 dB, and LCD64 users gained 0.1 dB. After increasing the 

active set size over three there was no effect on the signal quality anymore. There were 
no more cells with high enough CPICH power that could have been added to the active 

set. One restriction for maximum active set size was the network layout and antenna 

patterns used in the simulations. The simulation results indicated that the maximum of 

five cells were possible to add to the active set, but no effect on signal quality was 

achieved after the active set size of three.

Effect of active set size to 5%-threshold of uplink SIR
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Figure 7-20. Effect of active set size on SIR
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The parameterization of soft handover is a challenging task, which demands minimizing 

required fade margin and the number of users in soft handover while maintaining a 

satisfactory quality of service. The number of users in soft handover situations depends 

on handover thresholds, antenna tilt, and antenna orientation. The optimum active set 

size depends on the handover thresholds, number of available RAKE fingers, and radio 

environment. Handover thresholds were simulated in this thesis as the cell join power. 

The number of available RAKE fingers limits the soft handover gain due to that there 

are less fingers available for combining multipath signal reflections per each link. To 

catch all the energy from the channel more RAKE fingers are needed. A very large 

number of fingers lead to combining losses and practical implementation problems. 

Typically, more than three cells in the active set do not give significant soft handover 

gain increase [5]. An excessive soft handover area imposes a significant penalty to the 

network infrastructure requirements, since additional channel elements are required to 

support the mobile users served by the multiple cells. The system capacity is not 

increased when increasing soft handover areas over some limit, only the number of 

users in individual cells is increased, and this requires more hard capacity from the 

elements of the UTRAN.

7.6 Validation of Simulation Results

The quality of the results obtained from the simulations of this Master’s thesis can be 

confirmed by verifications of the UTSI simulator software. The simulator has been 
developed during an academic co-operational research project between Sonera 

Corporation and Southern Poro Communications. Also CWC, Center for Wireless 

Communications at University of Oulu, was a member in the development work of the 

software. The verification of the results is discussed now.

7.6.1 Verification of the UTSI Simulator

Southern Poro Communications with an academic research background has provided 

Sonera with various studies concerning about power control and capacity [28, 29]. The 

company is a research and development center based in Sydney, Australia and 

specializes in the design and investigation of mobile communications systems such as 

CDMA and GSM systems. These studies have indicated that the simulator works 

properly and can be used for modeling the WCDMA-based UMTS FDD network at the
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system level. There have been various versions of the software due to that some 

software and programming problems occurred during these simulations and the 

software had to be updated to match the specifications of 3GPP. These problems can be 

defined as normal procedures of software design and development. The UTSI simulator 

has been used, as a seed for UTRAPlan™, which will be a commercial UMTS FDD 
WCDMA network simulation and planning tool developed by Southern Poro 

Communications. The tool is capable of modeling UMTS FDD (3GPP) CDMA 

networks and providing capacity and coverage estimates as well as predicting the 

quality of the received signal, interference, and handover characteristics for mobile 

users.

7.6.2 Verification of the Results

The verifications of the results simulated in this Master’s thesis can be obtained by 

answering to a couple of interesting questions and studying some important statistical 

parameters used in these simulations. Have the simulations been long enough to give 

reliable results? This question got its answer with the help of seven test simulations, 

which were all similar to each other’s. Only the lengths of the simulations were 

different. Four moving mobile users were in an omnidirectional cell, and the cumulative 
UL 5%-threshold of SIR for one speech user was recorded in to Table 7-16. There is not 

much variation in SIR when comparing results from different simulation with different 

lengths. The average SIR-level was 3.92 dB and standard deviation was 0.035 dB or 

about 1 %. These results show that the simulation length of 50 frames seems to give 

sufficient statistical confidence. The length of the simulation does not affect very much 

on the SIR-results, and that is why simulations of 500 frames were used as the 

maximum lengths of simulations.
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Table 7-16. Effect of simulation length on results

Frames Time/s SIR/dB
50 0.5 3.87

100 1 3.96
250 2.5 3.96
500 5 3.95

1000 10 3.92
2000 20 3.90
4000 40 3.88

Average 3.92
Std 0.035

Other question is how the results depend on the placement of users in a cell. Twenty test 

simulations were executed using a simulation length of 500 frames. Users were placed 

randomly in to the cell. Table 7-17 presents the effect of placement of users on 

simulation results. There is not much variation in SIR when comparing results from 

different placement of users. The average SIR-level was 3.90 dB and standard deviation 

was 0.125 dB or about 3 %. These results show that the placement of users does not 

affect very much the simulation results when the number of users is quite low. When 

the capacity is close to the maximum, the relative placement of users is a critical factor 

that can cause the system to collapse if no recovery actions are applied. This is one of 

the fundamental characteristics of a CDMA based cellular network. The situation could 

have been different if all users had been placed near to the edges of the cells.

Table 7-17. Effect of placement of users on simulation results

Simulation SIR/dB Simulation SIR/dB
1 3.92 11 3.84
2 3.95 12 3.69
3 3.98 13 3.96
4 3.98 14 3.76
5 3.91 15 3.72
6 3.97 16 3.89
7 3.58 17 3.96
8 3.97 18 3.78
9 3.80 19 3.98

10 3.94 20 3.91
Average 3.90
Std 0.125
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When reviewing the simulation results of this thesis, it should be remembered that they 

should only be considered a trendsetting results. To be able to accomplish reliable 

enough results the lengths of the simulations should be longer by several days. The 

longer simulations did not seem to be sensible because even one simulation could have 

easily taken a fortnight to execute without any software or hardware problems that 

occurred quite often during this work. The modeling of the simulations should be taken 

into bit- or chip-level to achieve more reliable results. Furthermore, it should be kept in 

mind that the results are only simulated and cannot be considered as reliable as real tests 

in UMTS FDD networks.

7.7 Summary

This chapter has provided the reader with some knowledge of the performance of the 

WCDMA-based UMTS network, illustrated through descriptions of simulations. Four 

different phases were discussed and their results were analyzed. The objective of these 

simulations was to study the capacity of WCDMA network similar to UMTS FDD 

system. The capacity of the network was studied in unloaded and in loaded situation 

with different data rates and mixtures of services. The effects of power control and soft 

handover parameters on the network capacity and quality were also simulated in the last 

two phases. The verification of the software and the quality of the simulation results and 

were discussed.
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8 CONCLUSIONS

The purpose of this Master’s thesis was to study the capacity issues of a third generation 

WCDMA-based macrocell network in a suburban environment. Simulations of the 

capacity aimed to provide information of how many users on different data rates could 

be served with various system parameters in the uplink and in the downlink. 

Simulations were also executed to reveal those factors restricting the capacity of the 

WCDMA-based UMTS FDD system, and to discover possible solutions for capacity 

enhancements. Power control and soft handover being the essential functionalities of a 

cellular system based on WCDMA technology were also reflected on the capacity.

This thesis studied the capacity of the WCDMA-based network modeled with the UTSI 

UMTS WCDMA network simulator software. The simulated network was modeled to 

correspond with the UMTS FDD system specified by the 3GPP. The simulator software 

was not designed according to the latest specifications of 3GPP. Some minor software 

problems were fixed but no dramatic changes were made on it due to the fact that an 

enhanced network simulator and planning tool software was developed. Some new 

versions of the simulator were received during this thesis and due to that a new problem 
aroused: the downlink capacity could not be calculated properly because of the 

implementation problems of the software. The capacity was studied with uplink 
information only. In WCDMA the downlink is restricting the capacity according to 

literature [11]. The uplink capacity was thus considered the maximum capacity of the 

simulated system.

The study consists of three parts. The first part introduces the fundamental issues of 

spread spectrum communication systems and WCDMA-based UMTS FDD system as 

one of the most important third-generation mobile communication system. The part also 

provided the reader with information gained from literature and specifications. It 

constructs a solid basis for the next two parts of this thesis. In the second part of this 

study some interesting characteristics of a macrocellular environment and capacity are 
discussed with references to literature and publications of these areas. The third and the 

final part of this Master’s thesis concentrates on simulations with the UTSI UMTS 
WCDMA network simulator software. The capacity of macrocellular WCDMA-based
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UMTS FDD network was simulated in the suburban environment. The effects of 

different user bit rates, speeds of mobiles, interference situations, power control, and 

soft handover on capacity are analyzed, discussed, and compared to literature and to 

other studies in the third part of the thesis.

Different services should have different quality targets depending on the employed data 

rates and speeds of the mobiles. With high data rates the capacity is lower compared to 

low data rates such as speech. Higher data rates have lower processing gains leading to 

inferior receiver sensitivity. This is why high data rate mobiles have to transmit with 

high power, and at the same time they cause more interference to other mobiles in the 

network. The movement of users affects the capacity of the network as well. Capacity is 

higher with the speech service users when they are moving slowly. A higher standard 

deviation of SIR received from fast moving mobile users degreases the capacity of the 

network.

The simulations indicated also that inter-cell interference causes immense degradation 

in the capacity of the network. High data rate users are more affected by the adding of 

the speech users than low data rates. High data rate users cause also more interference to 

speech users than low data rate users due to that they have lower receiver sensitivity 

leading to higher transmission power needed to achieve the quality target. Low power 

control error rates do not cause significant problems when mobiles are moving slowly. 

Higher error rates such as 20 % and 30 % can already cause some degradation in the 

capacity of the network. Step size is not so critical for slowly moving users as for faster 

moving users. The effect of power control step size on network capacity is not critical 

with low or medium loads. A variable rate and step size of power control depending on 

speeds of mobiles would be an ideal solution. The threshold of soft handover should be 

between 5 dB and 7 dB to give efficient gain to the quality and capacity of the network. 
Maximum of five cells were possible to add to the active set, but no improvement to 

signal quality was achieved after the active set size of three.

The results obtained from the simulations of this Master’s thesis can be compared to 

some results achieved from other simulation studies and theories published in [5] and in 

[11]. Some similarities can be noticed in the results of a single-cell capacity, in the 

effect of power control errors on the quality, and in the threshold of soft handover. As a 

whole the results show how dynamic the capacity can be in WCDMA-based systems.
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8.1 Contributions

Ail participants in the UTSI project received important contributions through this 

Master’s thesis. Sonera achieved some basic knowledge from dynamic simulations in a 

loaded WCDMA-based network. The effects of the simulated network parameters on 

the capacity can also be worthy. These results can be compared to capacity results 

achieved from static WCDMA network planning tools. The information from both 

results can be combined to achieve low interference and high capacity into the network. 

The simulation results provide also some information about the needed quality targets 

for different data rate services. Effects between speech and different data rates and also 

examples of user-sets for mixture services are introduced. Finding a suitable quality 
targets and sets for mixed traffic cases is an operator-specific problem due to that the 

strategy for offering different data rate services in UMTS networks can be different for 

different operators.

Southern Poro Communications received valuable tips and information about the 

problems and errors that occurred in the different versions of the UTSI simulator 

software. Along this thesis it has probably helped them a lot to develop a better 

simulation and planning tool for commercial markets.

The last but not the least contribution has been the knowledge I have gained about the 

operations of the WCDMA-based UMTS FDD network. The UTSI simulator software 

has taught me to operate the Matlab software and to understand the spiritual life of 

network simulators.

8.2 Future Prospects

This Master’s thesis has revealed some aspects of the capacity of WCDMA network at a 

system level, and it provides a good starting point for further simulation and research 

activities. Possible areas of further investigation could include longer large-scale 

simulations with mixture of LCD- and UDD-multiservices. Especially, UDD-based 

services arise with UMTS system, and they need more attention from simulations point 

of view. Better packet models should be implemented into UTSI simulator to describe 

the characteristic of UDD data. Also better suiting models for a wideband channels and 

propagation environments should be investigated and developed possibly with the help 

of enhanced simulator and planning tool such as UTRAPlan™.
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