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ABSTRAK 


Pada han ini , sistem komunikasi tanpa wayar menJ adi tek nologi ya ng amat pen ti ng 

dibandingkan dengan tekno.logi sebelum ini . Teknologi ini meningkat dengan begitu 

mendadak disebabkan o leh pennintaan daripada pengguna. [a amat mudah di mana ia 

membolehkan pengguna membawa perkakasan ke mana-mana tempat pada bila-bila masa 

kerana penghantaran mak[umat ada lah melalui ruang udara. Tujuan projek ini adalah untuk 

meneroka asas-asas tentang Wideband Code Division Mulliples Access (WCDMA) . 

Penyelidikan juga merangkumi pemahaman yang Jebih mendalam tentang teknologi ini , 

teknoiogi lain yang sedia ada dan cara ia dikendalikan. Projek ini juga memperkenalkan 

pandangan umum tentang sifat- sifat WCDMA yang berkaitan dengan smarl antenna, 

teknologi pemprosesan isyat·at dan sistem untuk penyebaran maklumat. Penjelasan yang 

ringkas tentang kuasa kawalan , proses hand-off, proses penyebaran dan modulasi dalam 

rangkaian uplink dan down/nk, proses pengkodan dan keupayaan pada bahagian penerimaan 

maklumat juga dibincangkan . Oieh ke rana tekno \ogi generas i tiga (3G) ini belum 

dilaksanakan di Malaysia, ia menyukarkan saya untuk menguji tahap keupayaan sebenar pada 

bahagian penerimaaan. 



ABSTRACT 


Nowadays. mobile communication system is becoming a very important tech nology 

compared to the previous technology. This technology is deve lo ping rapidl y due to the 

demands from users. The technology it self is very mob ile and since the tra nsmiss ion medium 

is through airspace, mobi le communication is indeed a conven ience and an essent ia l too l fo r 

the modem society. The purpose of this project is to explore fundamental s of Wideband 

Code Division Multiples Access (WCDMA). T he research includes description and 

understand ing o f WC DMA techno logy, different technologies which ha ve been used and 

how these technologies wo rk. T hi s project also introduce the general idea of WCDMA 

characters with respect to the smart anten na , s ignal processing technologies and the system 

for di stributing information. A brief exp lanation on power contro l, hand-off process, 

spreading and modulation process in uplink and downlink channel, cod ing process and the 

performances of the receiver s ide are also being discussed. Since thi s third Generation (3G) 

technology ha ve not been implemen ted in Malaysia, it is diffi cult for me to test the actual 

performance of the receiver side. 
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CHAPTER 1 


INTRODUCTION 


1.1 I~TRODUCTION 

The goal for the next generation of mobile communications system is to seam less ly 

provide a wide va ri ety of comm unication serv ices to anybody, anywhere, anytime. The 

intended serv ices for next generation mobile phone users incl ude services like transm itt ing 

high speed data , video and multimedia traffi c as well as voice signals. The techno logy needed 

to tackle the challenges to make these services availabl.e is popularly kno wn as the Third 

Genera tion (30) Cellular Systems. The first generation sys tems are represented by the ana log 

mobile systems des igned to C31TY the voice application traffic. Their subsequent digital 

counterparts are known as second generation cellular systems. Third generat ion ,ystems mark 

a significant leap, both in app li ca ti ons and capaci ty, from the cu rrent second gene ration 

standards. Whereas the ClllTent digital mobile phone sys tems are optimized for voice 

commu nications, 30 communicators are oriented towards multimedia message capability. 

1.2 FLRST GEl ERATION ELL LAR SYSTEMS 

The first generatio n ce llul ar sys tems generall y employ analog Frequency Modu lati on 

(FM) techniques. The Advanced Mobile Phone System (AMPS) is the most notable of the 

first generation systems. The AMP was developed by the lie lJ Te lephone System. It uses FM 



technology for vo ice transmiss ion and digital s ignaling for control information. Other first 

.~eneration systems include: 

I. N'llTowband MPS (NAMPS) 

11. Total Access Cellular System (TAC S) 

Ill. No rdic Mobile Telephone System (NMT-900) 

All the firs t generation cellu lar systems employ Frequency Di vision Mult iple Access 

(FDMA) with each channel assigned to a unique frequen cy band within a cluster of cells. 

1.3 SECOND CENEr~f\TlON CELLULAR SYSTE.\IS 

The rapid growth in the number of subscribers and the prolikration of many 

incompatible first generation systems were the main reason behind the e,·olution towards 

second generation cellular systems. Second generation systems take the advantage of 

compress ion and coding techniques associated with digital technology. A ll the second 

generation systems employ digital modulation schemes . Multiple access techniques like Time 

Di vision Multiple Access (TD1VLA) and Code Di vision Multiple Access (COMA) arc used 

along with FDMA in the second generation systems. Second generation ce llular systems 

incl ude: 

1. United States Digital Cellular (US DC) standards IS-54 and IS- 136 

11. Globa l Sys tem for Mobile communications (GSM) 

Ill. Pacific Digital Cellular (PDC) 

IV. cdmaO ne 

2 




1.4 TIIIRD GENERATION CELLULA R SYSTEMS 


Third generation cellular systems are being designed to support widcband services 

like high speed Internet access , video and high qua lity image transmission wi th the same 

qua lity as the fixed networks. The primary requirements of the next generation cellular 

systems are: 

\. 	 Voice quality comparab le to Public Switched Te lephone Network (PSTN). 

II . Support of high data rate . The fo llowing table shows the data mte relj uirem<;nt 

of the 3G sys tems: 

i\lobiJi~ Needs Minimum Dnta Rates 

Vehicul ar 14-+ kb ps 

Outdoor to indoor and pedestnan 3~4 kbps 

Indoor Office 2 Mbps 

Table 1.1 3G Data Rate Requirements 

ILl. 	 Support of both packet-switched and circuit-switched data serv ices. 

IV. 	 More efficient usage of the availab le radio spectrum 

v. 	 Support of a wide variety of mobil e equipment 

VI. 	 Backwa rd Compatibility with pre-ex isti ng networks and fl ex ible introduction 

of new services and technology 

VII. 	 An adaptive radio interface suited to the highl y asymmet ric nature of most 

VII \. Internet communi cations: a much grea te r bandwidth for the downlink than the 

uplink 

3 




1.5 EVOLUTIONS OF 3G TECli OLOGY 

Figure 1.1 shows the evolution to third generation (30) technology. Analog cellu lar 

systems are cOnlmo L11y referred to as first generation (10) SystclllS. The digital systems such 

as OS;\-I, PDC, cdmaOne and US-T DMA are second ,;,:neration (20) systems. 30 systems 

are designed for mu ltimedia communications with high bi l rate. These 30 systems are such 

as WCDMA, EDOE and cdma2000. The differential between 30 and other prev ious 

technology networks is how the data move from one stat ion to other station. 

PDC &\t= WCDMA 

GSM GPRS I~I 
EDGE 

TDMA ::::::\ 

cdma2000 
cdmaOne 1X ~ 

cdma2000 
3X 

2Q UO 
9.G · ' • . 4 Got - 1404 kbPl'.. 

Figure 1.1 Evolution to 30 technology 

1.6 TIIIRD GENERATION (3G) TECHNOLOGY 

In the International Telecommunications Union (ITU), 30 networks are ca ll ed 

Interna tional Mobile Telecommunications-2000 (lMT-2000) , and in Europe , Universa l 

Mobile Telecommunications System (UMTS). IMT-2000 will provide a multitude o f 

services, especially multimedia and high-bit-rate packet data. Wideband Code Divi sion 

Multiple Access (WCDMA) has emerged as the mainstream air interface so lution for the 

4 




third-generation networks. [n Europe, Japan, Korea, and the United States. WCDMA systems 

are currently being standardi zed. Japan' s NTTDoCoMo became the fi rst operator in t[le 

worl d to launch a high speed 3G service base on WCDMA technol ogy. 

The 3G [MT-2000 is the standardization and system development of the ncxt­

generation mobile communication system. They began in response to the rising need in 

recent yea rs to achieve high speed data communications capable of supporting mobile phone 

subscribers and developing a common platfonn that would enab le mobile phone subscribers 

to use their mobile tennina[s in any country across the world. 

1.7 	 II\1T-2000 

IMT-2000 have been made research and develo pment effo rts. with the ai m to o ffe r 

high speed, high quality multimedia services that provide a wide range of conten t includi ng 

voice, data and video in a mobil e environment. The aims of [MT -2000 arc : 

I. 	 Personal Communication Services through Improved pcctrum Efficiency 

(Personalizatio n) 

11. 	 Global , Seamless Communication Services (Globalization) 

III. 	 Multimed ia Services through High Speed, High Quality Transm iss ion 

(M ultimedia) 

1.8 	 WCDI\IA IN THIRD GENERATION SYS EI\( 

Analog cellular systems are commonly referred to as first generation systems. The 

digital systems currentl y in use, such GSM, POC, cdmaO ne and US-TDMA are second 

generation systems. These systems have enabled vo ice communications to go wireless in 

many o f the lead ing markets and customer are increasingly finding value also in other 

5 




serv ices such as tex t messaging and access to data networks, which are starting to grow 

rapidly . 

30 systems are designed fo r multimedia communications: with them person-to­

person communicatiuns can be enhanced with high quality images and video and access to 

infot1na tion and services on public and private networks will be enhanced by the higher Uata 

rates and new flexible comm unication capabilities of 3Gsystems. This, together with the 

continuing evolution o f the second generation systems , will create new business oppo rt unities 

not only for manufacturers and operators but also for the providers of content and 

ap pli cat ions using these networks. 

1.9 	 W C DI\IA 

WCDMA has a bandwidth of 5 MHz. The nominal bandwidth for all third-generation 

proposals is 5 MHz. There are several reasons for choosing this bandwidt h. 

I. 	 Data rates of l-l4 and 384 Kills . 

11. 	 Lack of spectrum calls for reasonably small minimum spectrum allocation, 

especially if the system has to be deployed within the exist ing frequency 

bands occupied already by 2G systems. 

Ill. 	 The 5 MHz bandwidth can resolve more multipaths than nan·ower 

bandwidths, increasing diversity and tl,us im proving perfonn~n r;e. Larger 

bandwidths of 10, IS, and 20 MHz have been proposed to support hi gher data 

rates more effectively. 

6 




I 

1.9.1 Cha ractcrL,tics of\VCOI\IA 

WCDMA has the following technical characteri stics . 

Highl y Effi ciency Frequency U~age . 

In theory, the po tential capacity of the sys tem should be regardcd the 

,ame even like Ti me Division Multiple Access (TDMA) and Frequency 

Di vi ion Multiple Access (FDMA) are applied. While Code Di vision Multiple 

Access (CDMA) should be interpreted as referring to how easy it is to 

impro ve the e fficiency of frequency usage. 

ll . Freedom from Frequency Admini stration 

Allows adjacent cel ls to share the same frequen cy, no frequency 

allocation plan is rC<l uired. It is same like the previous techno logies . It al so 

provides many types of handover such as soft and inter-sy '(em hamlo ver. 

III Low Mobi le ta ti on Transmit Power 

By techno logies like RAK E reception, this sys tem can impro ve 

reception perfonnance and reduce the transmission power on mobil e stat ion. 

WCDMA has fas t closed loop and open loop po wer control procedures. 

IV. Resources Used Independentl y in Uplink and Downli nk 

The sp reading factor can be set independently between up link and 

downlink for each user, and thereby set different speeds in upli nk and 

downl ink. The speeds in do wnlink channel are fas ter than the uplink channel. 
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1.9.2 Differences between WCDi'lI A and 2G Air Interf'lccs 

The differences between WCDMA and 2G air interfaces are described in table 1.2 

and 1.3. GSM and IS-95 (standard for cdmaOne systems) are second generation considered 

below . Table 1.2 lists the main differences between WCDMA and GS M and tabk 1.3 those 

hdwcen WCDMA DIU] IS-95. Only the air interfaces is considered in this comparison. 

WCDMA GSI\I 

Carrier spaci ng 5 MHz 200 kHz 

Frequency reuse factor I 1- 18 

Power control frequency 1500 Hz 2 Hz or lower 

Quality contro l Radio resource 

management algorithms 

Network planning 

(freq uency plann ing) 

Frequency d Iversity 

Packet data 

5 MHz bandwIdth gives 

mullipath diversity with 

RAKE recei ver 
.-

Load-based packet 

scheduling 

Frequency hoppll\g 

Time s lot based sched uling 

with GPRS 

Downlll1k transmit 

diversity 

S upported fo r improving 

downlink capacity 

Not sup ported by the 

standard , but can be 

applied. 

Tahle 1.2 Main differences between WCDMA and GS M air interfaces 

Transmit diversity is included in WCDMA to improve the downlink capacity to 

support the asymmetric capacity requirements between downlink alld uplink. T ransmit 

diversity is not supported by the 2G standards. The mixture of different bit rates . services and 

quality requirements in 3G systems requires advanced radio resource management algorithms 

to guarantee quality of service and to maximize system throughout. 
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