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Resum 
 
En este documento hacemos un estudio de los sistemas de tercera generación 
de móviles. En un principio centraré el estudio en los objetivos y 
características principales de esta generación, una vez analizada, nos 
centraremos en el estudio de los diferentes sistemas de tercera generación 
especialmente en UMTS y Cdma2000.  
 
Después se hará un estudio dedicado del sistema europeo UMTS basado en 
WCDMA estudiando las funciones más importantes, su arquitectura y su 
funcionamiento.  
 
Seguiremos, haciendo un pequeño análisis del sistema Cdma2000 realizando 
un breve estudio de sus principales características.  
 
Una vez analizados los dos sistemas de tercera generación para concluir se 
hará una pequeña comparación entre los dos sistemas estudiados 
comentando sus similitudes y sus diferencias. 
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Overview 
 
In this document  I make a study of third mobiles generation systems . At first I 
will center the study in the objectives and main characteristic of this generation, 
then , I will center the study in the different systems of third generation, 
especially  in UMTS and Cdma2000.  
 
After I did a dedicate study of the European system UMTS (based on WCDMA) 
studying the most important functions, the architecture and the main 
operations.  
 
I will continue, making a small analisi of the Cdma2000 system, I coment a  
main caracteristics. 
 
 Once analyzed the two systems of third generation to concluded I will make a 
small comparison among the two systems commenting their similarities and 
their differences. 
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A :  INTRODUCTION 3G SYSTEMS 
 

1. Introduction 

The mobile communications industry evolved in three stages, with each stage 
more trustworthy and flexible generation than the previous one.  

 

The First Generation (1G) was analogical, it has roaming capacity limited and 
1G only allowed low quality voice calls. At first, the first generation telephones 
were designed for use in the cars. AMPS  was the main standard (1982-1992) 
for the first generation.  

 

The Second Generation (2G) systems are: GSM (ETSI), cdmaOne (ANSI) and 
TDMA (digital version of AMPS). They are digital systems with technical 
outposts for use the radio electric spectrum and with improved roaming 
capacities .Exist an increase in the network capacity, tariffs reduction and the 
first SMS services.  

 

The 2.5 Generation (GPRS), corresponds to technological improvements in the 
2G networks, with a speed of 384 kbit/s. 
 
The third cellular mobile system was born with the objective to surpass the 
limitations of the Second Generation system. 
 
The third generation concept in the beginning is FPLMTS (Future Public Land 
Mobile Telecommunication System - ITU), later change to IMT-2000 
(International Mobile Telecommunications 2000). 
 
ITU want to get with the 3rd Generation that the frequency band  are 2000 MHz, 
the capacity of the system (2000 kbit/s),common spectrum in all the world, 
terrestrial systems and satellite system, use pocket mobile terminals and 
internet and  services multimedia.  
 
3G yearn for to maximize the compatibility of the radio interfaces to be able to 
operate in different surroundings: as vehicles, people walking, offices…  
 
1.2 Mobility management: from Second Generation to Three 
generation 
3G is essentially based in the evolution of GSM network and UTRA technology 
(Universal Terrestrial Radio Access), we have to think in two ways:  
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1. Radio access (between the mobile terminal and the base station) 
2. Backbone network (the network evolution from GSM and radio access from 
UTRA) 
 
 
 
 
 
 
 
 

         
 

 
 
The third generation mobile network evolved from the second generation 
systems such as GSM and GPRS (GSM ?  GPRS ?  UMTS)1. 
 
In GSM, the core Network consists of two service domains CS (circuit –
switched) and PS (packet – switched), in the CS domain there is: Mobile Station 
(MS). In the PS domain there is: IMSI. 
In the first Generation exist BSS, MSC/VLR and HLR2.  
 
GPRS networks introducing two new core networks nodes SGSN and GGSN. 
GPRS BSS consists of Base Transceiver Station (BTS) and Base Station 
Controller (BSC) where the BSC is connected with the SGSN through frame 
relay link. The BTS communicates with the MS through the radio interface Um 
based on the TDMA technology.  
 
                                            
1 In the next three pictures there are the evolutions of the arquitecture. 
2 In the picture is the fuction 
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UMTS is evolved from GPRS to replace the radio access network. The UMTS 
Terrestrial Radio Access Network (UTRAN) consists in Bs Node (the 3G term 
for BTS) and Radio Network Controllers (RNCs) connected by ATM network.  
 
The RNC, Node B and MS together are called the Serving Radio Network 
System (SRNS).  
The User Equipment (UE; the 3G term for MS) connects with Bs Node through 
the radio interface Uu based on the WCDMA (Wideband CDMA) technology. 
 
Every RNC is connected to SGSN through the IuPS interface, and to an MSC 
through the IuCS interface. An RNC may connect to several RNCs through the 
Iur interface. The IuCS, IuPS, Iub, and Iur interfaces are implemented on the 
ATM network. 
 
Others core networks nodes such as HLR , VLR, GGSN are the same the first 
generation but the SGSN and the MS have a modification from 1G to GPRS 
and UMTS. 
 
In GPRS, reliable communication between MS and SGSN is guaranteed by 
LLC. In UMTS, Radio Resource Control (RRC) protocol is responsible for 
reliable connection between MS and UTRAN, and Signalling Connection 
Control Part (SCCP) is responsible for reliable connection between UTRAN and 
SGSN. Specifically, radio resources are managed by RRC exercised between 
the MS and the UTRAN.  
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1.3 Differences between WCDMA & Second Generation 

 

The future generation of mobile communications is 3G, which means an 
enormous change respect to Second Generation systems.  The principal 
objectives are global roaming, high speed data transmission, commutation of 
circuits and packages, supports technology IP and multimedia applications.   
 
 
Characteristic WCDMA Second Generation 
Carrier spacing 5 MHz 200KHz 
Frequency reuse factor 1 1-18 
Power control 
frequency 

1600Hz 2 Hz or lower 

Quality control Radio resource 
management algorithms 

Frequency hopping 
 

Packet data Load-based packet 
scheduling 

Time slot based 
scheduling with GPRS 

Downlink transmit 
diversity 

Supported for improving 
downlink capacity 

Not supported by the 
standard but can be 
applied 
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2. Objectives 3G systems: 
 
The third generation has to be able to offer an ample rank of services.  

3G provides access to telecommunications services offered by the fixed 
networks and to other specific services of the mobile users. Third generation 
terminals, can be connected to earth or satellite networks, and they can be 
designed for mobile or fixed use, for public or private networks.  It provides very 
efficient communications, with a high speed and quality and has an easy use. 
The 3G systems must offer: 

 
?  Symmetric / asymmetric high reliability transmission.   
?  Dynamic bandwidth ( depends to the application) 
?  High binary speeds:   

o 144 kbit/s in the high mobility 
o 384 kbit/s in open spaces  
o 2 Mbit/s in the low mobility. 

?  Commutation of packages (IP) and commutation of circuits. 
?  Support IP for access to Internet (WWW navigation), virtual games, 

electronic commerce, and audio and video in real time. 
?  Different simultaneous services in a single connection. 
?  Quality of voice like in the fixed network. 
?  Common frequency bands anywhere in the world. 
?  Customized services, according to user profile. 
?  Different services depend to the user location.    
?  Coexistence with the 2G systems. 
?  Roaming international, between different operators and different 

networks. 
?  Global and opened standard that covers the necessities of a big market. 
?  The user will be able to receive the same service independent of his 

geographic location. VHE (Virtual Home Environment) 
?  World-wide cover 
?  Connections: Multiplexation, negotiable QoS, effective use of the 

spectrum, security of access to the network. 
?  Standard 
?  Multiplexation of different services with different quality: Delays, Error 

rate (from 10% to the 10-6 of BER) 
?  High spectral efficiency and coexist of FDD and TDD 

 
3. International Initiatives  

 
Third Generation Partnership Project is an agreement of collaboration between 
standards organizations of different parts from the world.  ETSI is the European 
standards organism, ANSI is the standards organism of the United States and 
Canada and all of the organisms that are in all the parts in the world.  All these 
organizations have been united to make a globally specifications. 
 
ETSI, ANSI, T1, CWTS, ARIB, TTC and TTA belong to 3GPP 
 



Introduction                           6 

 
 
3.1 Europe – ETSI (The European Telecommunications Standards 
Institute): 
 
Is an independent organization and whose mission is to produce 
telecommunications standards for today and for the future.  
 
ETSI is officially responsible for Telecommunications standardization, intelligent 
transportation and medical electronics (broadcasting and related areas) 
networks  
 
ETSI do a lot of standards and other technical documentation for contribute to 
worldwide ICT standardization. This activity is supplemented by interoperability 
testing services and other specialises. 
 3.2 EUA – ANSI (The American Nat ional Standards Institute):  
 
Is an organization and it have the mission to administrate and coordinate the 
United States private sector of standardization system. 
  
ANSI facilitates the development of American National Standards (ANS) These 
groups work cooperatively to do a national standards.  
 
ANSI, is a institute private and the mission is to enhance both the global 
competitiveness of U.S. business and the U.S. quality of life by promoting and 
facilitating voluntary standards (safeguarding their integrity) 
 
 
3.3 TIA (Telecommunications Industry Association): 
 
Telecommunications Industry Association The United States' 
telecommunications standards making body. 
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3.4 International- ITU (International Telecommunications 

Union): 
 

As the world's oldest international organization, in 1865 ITU did the first 
international telegraph networks standard. 
 
The Union has worked tirelessly to ensure that the last technological advances 
have been quickly integrated into the telecommunication networks of countries 
around the world.  
 
With a membership which includes almost all the world's countries and over 500 
private members from the telecommunication, broadcasting and information 
technology sectors, ITU can managing our telecommunication resources. This 
international organization is a community members, ITU use an impartial, global 
perspective with the help of hundreds of leading manufacturers, carriers and 
service providers.  
 

- FPMLTS (Future Public Mobile Land Telecommunication systems) 
 

- IMT-2000 (International mobile Telecommunications – 2000): 
International Mobile Telecommunications-2000 (IMT-2000) is the 
global standard for third generation (3G) wireless communications. 
IMT-2000 provides a framework for worldwide wireless access by 
linking the diverse systems of terrestrial and/or satellite based 
networks. It will exploit the potential synergy between digital mobile 
telecommunications technologies and systems for fixed and mobile 
wireless access systems. ITU activities on IMT-2000 comprise 
international standardization, including frequency spectrum and 
technical specifications for radio and network components, tariffs and 
billing, technical assistance and studies on regulatory and policy 
aspects. 

 
3.5 3GPP: 
All the internationals organizations have been united to make an agreement 
with technical specifications to apply them globally. The idea is not to have a 
different specification for the third generation in each part from the world, 3GPP 
want through one group work creating a list of specifications all together. 
For do a good standard 3GPP have to get the requirements of the market, 
because if one organization created one equipment and then nobody buy it or 
services are developed and nobody uses them, is an activity that doesn’t serve 
for anything.3GPP don’t want that it pass they created a category of 
members(representation of the market) 
 
3GPP wants the association of GSM, IP, V6 (Internet Protocol Version 6) and 
UWCC3. 
                                            
UWCC,is a good combination of technical organisms, organizations of standards and organisms specialized in market 
working.  In this association the organization partners have vote and the representing partners of the market do not 
have it. But they  works together and the opinions of the representing market partners have much importance. 
 



Introduction                           8 

The idea of 3GPP is to do something where all are satisfied, there are no voting 
in 3GPP.The partners of organizations are in charge to take the specifications 
decided in 3GPP and to do the standard of the origin country, so 3GPP is not 
like ETSI.  All the work becomes in a single site and soon it gives the result of 
everybody.  Anyone can have them and establish them like national 
standard.3GPP don´t want to work in a single site because they don’t want a 
different opinions in the third generation. 
 
3.5.1 Work Group: 
 
3GPP has two basic divisions:  one is the group of projects, that directs the 
work, and the most important is the group of engineering specifications. They 
are groups that work in the technical aspect and write the technical 
specifications. All the world companies decided to be part of 3GPP; they are 
individual members and their results and take to the UIT process. All the 
regulatory information goes to the partners, soon goes to the group of 
engineering specifications of 3GPP (the specifications they are generated in 
3GPP) At last go to the organisms of standards and follow the UIT process. 
 
3GPP tries to give the best thing of these activities to everybody.  It is a little 
slowly but he is very efficient, it has a very simple organization and there aren’t 
heads .They work with technical groups because they know better the 
technology. 

        
 

 
 
 
This group only works in electronic way, they use e-mail and there is nothing on 
paper, only hard disks, CD-ROM, etc. The results are in one website and 
anyone can take them. 
  
In a typical meeting of 3GPP, they can generate 10,000 documentation pages. 
The computer centre is a group of 27 people dedicated on time complete, highly 
enabled, and work in the seat of ETSI in Sophia Antipolis (France).   
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The types of partners of 3GPP are: 
 
"Organizational Partners" 
Regional normalization organizations with capacity to approve norms, are: 

- ETSI (Europe) 
- T1 (EEUU) 
- CWTS (China) 
- TTA (Korea), ARIB  
- TTC (Japan). 

 

 
 
"Individual members", 
 
The companies that belong to the organizations partners previous can 
participate directly in the 3GPP. They make the technical contributions. These 
individual members can contribute to ITU, but the norms have to approve by the 
regional normalization organizations. 
 
"Market Representation Partners"  

 
Are Global Mobile Suppliers Association (GSA), GSM Association, UMTS 
Forum, Universal Wireless Communications Consortium (UWCC), IPv6 Forum, 
Mobile Wireless Internet Forum (MWIF) y 3G.IP. Companies such as 
manufacturers and operators are members of 3GPP through the respective 
standardization organization. 
 
 "Observers"  
Are TIA (telecommunications Industry Association), TSACC 
(Telecommunications Standards Advisory Council of Canada) y ACIF 
(Australian Communications Industry Forum). 
 
The structuring of the 3GPP is in five TSGs (Technical Specification Groups), 
each one of them with several work groups WGs (Working Groups). 
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In this moment 3GPP use one PCG (Project Coordination Group)  and there are 
four4 technological groups( TSGs ) :  

 - The radio access (TSG RAN -Radio Access Network-). 
 - The network (TSG CN -Core Network-). 
 -  The terminals (TSG T -Terminals-). 
 - The services and the aspects of the system. (TSG SA -Service and 

System Aspects-). 
 
 

 
 
 

                                            
4 Next there will be probably a fifth organization of standards 
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3.6 3GPP2: 
 
At first ETSI proposed the concept of 3GPP like a global organization, this 
forum soon announced her interest to based the investigation on GSM. 
Consequently, ANSI proposed the creation of the 3GPP2 to promote the 
standardization of main networks based in ANSI-41 and his RTTs. 
 
Basically the idea was to develop to the standard cdma2000 like evolution of 
the Is-95, there are big implantation in the United States and Latin America.  
The 3GPP2 start in January of 1999 in Vancouver (Canada).  In the 3GPP2 TIA 
are represented (the U.S.A.), ARIB and TTC (Japan), TTA (Korea) and CWTS 
(Chinese). 
 
The 3GPP2 structure is a direction committee direction (Steering Committee, 
SC) and groups of engineering specifications TSG (Technical Specification 
Groups).  Each TSG have a diverse work groups (like 3GGP). 
 
The groups of engineering specifications are: 
 

 
 

TSG-A (Access Network Interfaces) 
Interfaces specification responsible between the Access Radio Network (RAN) 
and the Core Network. 
 
TSG-C (cdma2000) 
 
Responsible of the (including the internal structure) of systems based in 
specifications of the 3GPP2. 
 
TSG-P (Wireless Packet Data Networking) 
 
Responsible of the specifications of the part of packages network of systems 
based in specifications 3GPP2. 
 
TSG-R (3GPP Mapped to ANSI-41) 
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Responsible of interoperability between the technologies of radio in the 3GPP 
and evolved main network ANSI-41. 
TSG-S (Service and Systems Aspects) 
 
It develops requirements of capacities for systems based on specifications 
3GPP2. 
 
TSG-N (ANSI-41/WIN) 
 
Responsible of the specifications of main network in systems based on 
specifications 3GPP2. 
 
 
4 Spectrum 
 
At first was recommended reserve 230 MHz for Imt-2000 Spectrum with the 
bands 1885-2025 MHz and 2110-2200 MHz, which include 1980-2010 MHz and 
2170-2200 MHz for the satellite component.  This band is used for the third 
generation systems in Europe. Aldo, in America all this band is occupied by the 
systems of second generation and in China great part of the spectrum for 3G is 
dedicated to applications WLL (Local Wireless Loop). This thing cause that the 
main objective of 3G, the reserve a unique band anywhere in the world, has not 
been totally reached. After, An additional band was accepted; there are 160 
MHz more. They include the bands of the present second-generation systems, 
reason why the operators of 2G could migrate to 3G in their same bands.  This 
change would be advantageous by the possibility of giving more advanced 
services, for the greater spectral efficiency and admit more users.   
 
Spectrum available: 
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Spectrum chosen: 
 

 
 
 
5. Part Radio 
 
5.1 Code-Division Multiple Access  
 
Is a digital cellular technology that uses spread-spectrum .Unlike competing 
systems, such as GSM, that use TDMA, CDMA does not assign a specific 
frequency to each user.  
 
Instead, every channel uses the full available spectrum. Individual 
conversations are encoded with a pseudo-random digital sequence.  

Worldwide resources are being devoted to third-generation CDMA technology, 
including Multi-Carrier (cdma2000 1xMC and HDR in 1.25 MHz bandwidth), and 
Direct Spread (WCDMA in 5 MHz bandwidth). 

CDMA was adopted by the Telecommunications Industry Association (TIA) in 
1993. In September 1998, only three years after the first commercial 
deployment, there were 16 million subscribers on cdmaOne systems 
worldwide.  By May 2001 there were 35 million subscribers on cdmaOne 
systems worldwide and there are now 60 million. 

Wideband CDMA that forms the basis of UMTS 3G networks, Developed 
originally by Qualcomm, CDMA is characterized by high capacity and small cell 
radius, employing spread-spectrum technology and a special coding scheme. 
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Developed originally by Qualcomm and enhanced by Ericsson, CDMA is 
characterized by high capacity and small cell radius, employing spread-
spectrum technology and a special coding scheme. 
 

 

5.2 Summary of terrestrial and satellite systems 

 
 
 
 
 
 
 
 
 
 
 
Terrestrial systems 
 
• DECT ?ETSI DECT 
• UWC-136 ?USA TIA TR45.3 
• WIMS W-CDMA ?USA TIA TR46.1 
• TD-SCDMA ?  China 
• W-CDMA ?  Japan 
• CDMA-II ?Korea 
• UTRA ?ETSI SMG2 
• NA W-CDMA ?  USA T1P1-ATIS 
• cdma2000 ?USA TIA TR45.5 
• CDMA-I ?  Korea 
 
Systems satellite 
 
• SAT-CDMA?  Korea 
• SW-CDMA?  ESA 
• SW-CTDMA ??ESA 
• ICO-RTT ICO ?  Global Communication 
• Horizons ?  Inmarsat 
• INX ?  Iridium 
 
 
6 Terminals 
 
One of the objectives of 3G is to allow the user to communicate in any place 
and at any moment, If it’s possible, is necessary that terminals have a 
capacities and characteristics that the second generation mobile haven’t got. 
Now 3G terminals aren’t only mobile telephones, because they allow send and 
receive different types of information. The terminals have to follow standard 
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because the 3G terminal have to communicate with terminals of others 
operators, with terminals of other marks, and with the other networks.   
 

                                                
         
 
7. Cellular Systems (3G) 
 
The concept of system of third generation initially arose in the ITU with the 
name of FPLMTS (Future Public Land Mobile Telecommunication System), 
later change to Imt-2000 (International Mobile Telecommunications2000) 
 
IMT-2000 evokes the idea of the third generation that had the ITU when 
defining his requirements: the frequency band (2000 MHz), the capacity of the 
system (2000 kbit/s) and the year in which the specifications radio would have 
to be ready. 
 
The result of the works of the ITU The people save in a recommendations, 
documents of general character that delimit the characteristics that must have 
the systems of third generation.  The most interesting is the M.1457 because it 
has a summary of the radio electric interfaces of the Imt-2000 systems. 
 
7.1 IMT- 2000 
 
There are ten proposals for the systems of third generation:  two European, four 
from U.S.A, two from Korea, one from Japan and one from China.  
Only in two of the proposals (the Uwc-136 American and the European DECT) 
used TDMA.  The method chosen for the others proposals was the DS-CDMA 
(Direct Spread CDMA).  There are three types of proposal depends of rate of 
chip, operation synchrony /asynchrony of the bases station and the way to 
transmit the sequences. These three groups are: 
 
1. UMTS - UTRA (Europe-ETSI), W-cdma (Japan-ARIB), WCDMA/NA (the 
U.S.A. T1P1), CDMA II (Korea TTA) and Wims-wcdma (the U.S.A.-TIA 
TR46.1).   
 
2.  Cdma2000 (EE UU-TIA TR45.5) and CDMA I (Korea-TTA).  
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3. TD-SCDMA (China-CATT). 
 

After ITU have to decide what of candidacies fulfilled the requirements of 3G.  
As a result of this presentation, some of these proposals were united 
convergence, it denominates partnership projects. The objective of this 
partnership projects was that the diverse normalization organizations of different 
world-wide regions could collaborate together.  
 
Then this partnership projects created the : 
 

1.  3GPP (Third Generation Partnership Project) to harmonize the 
European and Asian proposals.   
 2.  The 3GPP2 (Third Generation Partnership Project 2) to harmonize 
the American proposals and Korean cradles in cdma2000. 

 
At the end of May of 1999 appear G3G (Global Third Generation CDMA 
Approach). The objective of this organization was to harmonize the radio 
parameters, at in the same time, to allow the connection of the systems with a 
main network European GSM MAP to a main network American ANSI-41.In 
consequence, G3G recognized this interfaces radio:   
 
? FDD DS (Direct Spread), based on proposal UTRA W-cdma of the 

3GPP.  
? FDD MC (Multi Carrier), based on the proposal cdma2000 of the 3GPP2.   
? TDD, system UTRA TD/CDMA of ETSI, harmonized with the Chinese 

Td-scdma. 
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In the meeting of Helsinki of 25 of October to 5 of November of 1999 ITU-R  
approved the family of IMT-2000 systems.   
 
One of the objectives of IMT-2000 was that one 2G mobile can communicate 
with one 3G mobile; This is easier if 3G maintain the same frame (200KHz) and 
same control frame. GSM and IMT2000 use the same type of structure of 
multiframe (120ms) 
 
 
7.1.1 Direct Spread / WCDMA:  
 
WCDMA (Wideband Code Division Multiple Access) is a 3G mobile network 
technology that is used in Europe in the new IMT-2000 frequency bands. 
 
WCDMA was designed to provide efficient capacity for modern mobile 
multimedia applications and mobile telephone services.  

WCDMA have bandwidth around 5 MHz. This wide bandwidth supports high 
data transfer rates and also provides performance benefits due to the diversity 
of broadcast frequency achieved. In addition, a new technology called HSDPA 
will bring even higher downlink speeds over WCDMA radio access networks. 

The benefits of WCDMA are: 

? Faster, more efficient and more flexible service for data transmission  
? Designed to support simultaneous services with different service 

quality requirements in terms of throughput, transfer delay, and bit 
error rate  

? A global technology with nearly universal adoption  
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7.1.1.1 UMTS:  
 
UMTS, Universal Mobile Telecommunications System, and constitutes the 
European vision of 3G systems of the family of Imt-2000 standards.  UMTS is 
the logical evolution of community GSM to the third generation. In January of 
1998, European Telecommunications Standards Institute (ETSI) adopted the 
WCDMA technology (Wideband CDMA) in the way: FDD (Frequency Division 
Duplex) with the future provision for TDD (Time Division Duplex) because the 
TDD is the appropriate way for UMTS technology Terrestrial Radio Access 
(UTRA), each one is different, but the technologies are very similar.   

 
The combination of both ways (FDD and TDD) offers the opportunity to obtain 
the greater efficiency of the same system under any condition (urban, suburban, 
interiors and exteriors)  
 
UMTS, in the terrestrial component, has three types of cells:   
? Macro Cell 
? Micro Cell  
? Pico Cell  (with a minimum of 5 MHz of bandwidth by Cell)   

 
The Macro Cell has radios from 1 km to 35 km and they are destined to offer 
rural cover and highways for vehicles or other objects that move at high speed 
(114 kbit/s - data transmission-).   
 
The Micro Cell has radios from 50 m to 1 km .This offer service to fixed users or 
who and they move slowly with high density of traffic (urban) with 384 kbit/s 
speeds.   
 
The Tip Cells has radios until 50 m. Offer located cover and interiors cover, with 
speeds of the order of the 2 Mbit/s. 
 
7.1.2 Multi Carrier / Cdma2000: 
 
CDMA2000 is the solution of 3rd Generation based on Is-95.   
 
The interface of network defined for cdma2000 supports the network of second 
generation of all the present operators, independently of the technology 
(cdmaOne, Is-136 TDMA or GSM).   
TIA presented this norm to UIT like a part of the Imt- 2000 process.  
 
Cdma 2000 operate in TDD way and/or FDD way, cdma2000 offers speeds 
from 1.2 kbit/s to 2 Mbit/s. 
 
Cdma2000 in addition adds an interference guard band of 640 kHz by side for 
protection against interference in adjacent channels (interference co channel).  
 
Cdma2000 operates with synchronism between the mobile and the base 
station. 
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CDMA2000 is a solution for operators of new radio networks that wish to take 
advantage from the dynamic ones of the market created by mobility and the 
Internet.  CDMA2000 is as much an air interface as a solution of network to 
provide the services that the clients demand today.  

The objective of this the harmonization group is to provide a global roaming 
between the different modalities: CDMA 3G, CDMA2000 and WCDMA.   



WCDMA SYSTEM                           2 

B: WCDMA SYSTEM 
 
1. Third Generation System in Europe. 
 
Third generation are designed for multimedia communication with high quality 
(images and video), to access to information and services on public and private 
networks. 
 
WCDMA ,wideband Direct- Sequence Code division Multiple Access (DS-
CDMA) is the system use in Europe, supports high user data rates, supports the 
asynchronous operation ,the bandwidth is approximately 5 MHz and  it was is 
designed to be deploys in conjunction with GSM 
 
WCDMA support demand bandwidth and two basic operation modes: 
Frequency Division Duplex (FDD) and Time Division Duplex (TDD). In FDD 
mode, you have 5 MHz for the uplink and downlink and TDD is time –shared 
(5MHz) between uplink and downlink. 
 
Summary WCDMA parameters 
 
 

 
Multiple access method 

 
DS- CDMA 
 

 
Duplexing method 
 

 
Frequency division duplex/time 
division duplex 
 

 
Base station synchronisation 
 

 
Asynchronous operation 

 
Chip rate 
 

 
3.84 Mcps 

 
Frame length 
 

 
10 ms 

 
Service multiplexing 

 
Multiple services with different quality 
of service requirements multiplexed 
on one connection 
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2. Standardization 
 
The standardization of a norm supposes the definition of one specification that 
guarantee the system operation. Is a gradual process with continuous 
evolutions and revisions, 3GPP propose to every certain time a set of norms 
(Release) to get a good standard. 
 
 
3GPP want to obtain norms that while the system worked, this norms improved 
the system. 
 
The process of normalization adopted by the 3GPP uses annual normalizes: 
Release 1999 (R99), Release 4 ( Rel-4) and Release 5 (Rel-5). 
 
In according with this, the R99 must be finished in December of 1999.  
Nevertheless, all the specifications could not be approved on time. 
 

         
At last exit five phases, it mean that there are five closed release each one 
consistent and 3GPP don’t want to add new functionalities to the system in this 
period. It supposes that only accept corrections not addition of new functions 
.There are amount of changes, introduced since the freezing of version 99. 
 
The transition between both Releases is smooth form, modifying specifications 
or adding new. 
 
 
3. Interfaces 
 
3.1 Wideband CDMA 
 
The WCDMA concept group was formed around the WCDMA proposals from 
FRAMES/FMA2, fujitsu, NEC and Panasonic.  
 
The basic system consisted in: 
 
- Wideband CDMA operation with 5 MHz 
- Physical layer flexibility for integration of all data rates on a single carrier 
 
Wideband CDMA included: 
 
-  Transmit diversity 
-  Support for advanced receiver structures 
-  Pilot use for coherent reception in the terminal  
-  Use power control.       
-  Diversity of antenna in the bases station  
-  Define transmission technology radio 
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The WCDMA concept achieved the greatest support, one of the technical 
motivating issues being the flexibility of the physical layer for accommodating 
different service types simultaneously. This was considered to be an advantage, 
especially with respect to low and medium bit rates. Among the drawbacks of 
WCDMA, it was recognised that in an unlicensed system in the TDD band, with 
the continuous transmit and receive operation, pure WCDMA technology does 
not facilitate interderence avoidance techniques in cordless-like operating 
environments 
 
3.2 Wideband TDMA 
 
WTDMA take the non-spread option. WTDMS is based in FRAMES/FMA! 
Proposal, it is a basic TDMA system using 1, 6 MHz and frequency hopping. 
 
The system consisted in: 
 
- Equalisation with training sequences in TDMA bursts 
- Interference averaging with frequency hopping 
- Link adaptation 
- Two basic burst types, 1/16th and 1/64 th  burst lengths for high and low data 
rates respectively 
- Low reuse sizes 
 
The enhancements covered included: 
 
- Inter-cell interference suppression 
- Support of adaptive antennas 
- TDD operation 
- Less complex equalisers for large delay spread environments 
 
The main limitation associated with the system was considered to be the range 
with respect to low bit rate services. This is due to the fact that in TDMA-based 
operation the slot duration is, at a minimum, only 1/64 th  of the frame timing, 
which results in either very high peak power or a low average output power 
level. This means that for large ranges with, for example, speech, the WTDMA 
concept would not have been competitive on its own, but would have required a 
narrowband options as a companion. 
 
3.3 Wideband TDMA/ CDMA 
 
The WTDMA/CDMA is a hybrid CDMA/TDMA concept with 1,6 MHz carrier 
spacing. the basic system consisted in: 
 
- TDMA burst structure with midamble for channel estimation 
- CDMA concept applied on top of the TDMA structure for additional flexibility 

- Reduction of intra-cell interference by multi-user detection for users within a 
timeslot on the same carrier 
- Low reuse sizes, down to 3 
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Covered included: 
 
- Frequency hopping 
- Inter-cell interference cancellation 
- Support of adaptive antennas 
- Operation in TDD mode 
- Dynamic Channel Allocation (DCA) 
 
This proposal is especially complexity. 
 
4. UMTS (WCDMA) 
 
UMTS, Universal Mobile Telecommunications System is a evolution of services 
and data speeds from 2G. It below to the 3G mobile Networks (ITU) and one of 
his objectives is increases the services that the user demands. 
 

UMTS, use the WCDMA in the access radio (UTRAN). 

 
 Japan is the first in the world that commercial WCDMA network in 2001. 

 

WCDMA networks are now operating commercially in Austria, Italy, Sweden, 
Spain (a little bit) and the UK during 2003-2004. 

 

Some 200 operators worldwide are also giving their customers a taste of faster 
data services with so-called "2.5G" systems based on GPRS technology - a 
natural evolutionary stepping-stone towards UMTS. Many operators are also 
advancing plans to deploy EDGE technology to increase the speed and 
capacity of mobile services offered in their current GSM frequency allocations.  
 
The world's leading equipment manufacturers are now presenting their first 
WCDMA/UMTS handset models, with many of them featuring in-built cameras. 
Most models in this first wave of UMTS terminal designs are multi-band and 
multi-mode, allowing users to switch seamlessly between UMTS, GPRS and 
GSM services in different frequency bands as they travel around the world.  
 
Now customers are embracing Mobile Multimedia Messaging (MMS), an 
evolution of text messaging that adds pictures and sound elements. UMTS will 
build on these first steps towards a mobile multimedia future, allowing operators 
to offer exciting new services to consumers as well as business users.  
 

The big demand of multimedia services cause deployment of UMTS system. 

 

The channel spacing is 5 MHz like WCDMA. 
 
 
4.1 Spectrum UMTS 
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 Uplink Downlink Total 
UMTS-FDD 1920-1980 2110-2170 2x60 MHz 
UMTS-TDD 1900-1920 2010-2025 20+15Mhz 
 

 
 

 
 
Finland: From 18 March of 1999 4 licenses with 2*15MHz + 5MHz with duration 
of 20 years. 
Spain:    From 13 March of 1999 4 licenses with 2*15MHz + 5MHz with duration 
of 20 years. 
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4.2 . Architecture UMTS 
 

 

 

The structure have two sub networks:  The telecommunications network and the 
management network. 

 The telecommunications network has the function to transport the information 
between the ends connection.   

The management network has the function of the invoicing, to price, registry, 
the management and security in the handling of data, the operation of the 
elements of the network, has to support the correct network operation , the 
detection and resolution of failures or anomalies, or also of the dull operation 
after disconnection or the recovery periods of some of this elements. 

A UMTS network is have the following elements: 

?  Core Network.  
?  Access radio Network (UTRAN).   
?  Terminal 
?  Communications nets 
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Mobile Station (MS):  A MS is a UE and is composed by the mobile equipment 
(ME) and the identification card UMTS (USIM). 

Bases Station System (BSS):  The Network of Access GSM consists of one or 
several BSSs.  The BSS makes the allocation and liberation of resources radio 
to allow the communication with MSs in one area.  A BSS is composes for one 
BSC, and one or several BTSs (Only GSM) 

Base Station Controller (BSC):  The BSC is the organization controller of a 
BSS and it control the radio resources provides for one or several BTSs .The 
BSC is connected to the MSC through the A interface and the SGSN through 
the Gb interface. (Only GSM) 

Base Transceiver Station (BTS):  Is the responsible of transmission /reception 
radio From/to MSs in one or more cells GSM .The BTSs is connected to the 
BSCs through the A-bis interface and the MSs thought Um interfaces. (Only 
GSM) 
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Radio Network System (RNS): The Access network UTRAN is composing for 
one or several RNSs that can be connected to each other through the Iur 
interface.  The RNS makes the allocation and liberation of radio resources to 
allow the communication with MSs in a one area.  A RNS is composing for a 
RNC, and one or several nodes B. 

Radio Controller Network (RNC): The RNC is the organization controller of 
one RNS and have the function to radio resources control. It is provided by one 
or several nodes B. the RNC is the handover responsible that requires 
signalling to e MS. The RNC is connecting to the CN through the Iu interface. 
There is the Iu interface for the applications CS denominated Iu-CS and another 
one for applications PS denominated Iu-PS. 

Node B: Is the responsible component for the transmission / reception radio 
From/to MSs in one or more cells UMTS. A B node supports the mode FDD, 
TDD, or dual way. Nodes B are connected to the RNCs through the Iubis 
interfaces and to the MSs through the Uu interfaces. 

Home Location Register (HLR):  The HLR has a data base and his function is 
to manage the mobile subscribers.  A PLMN can contain one or several HLRs.  
The HLR stores the information of subscriptions and location data that allow to 
the appraisal and direction of call and sms to the MSC/SGSN where the MS has 
been registered. 

Visitor Location Register (VLR):  The VLR has the function to control the 
roaming of the MSs in MSC area.  When a MS enters a new area begins a 
procedure registry. The MSC of this area notifies this registry and transfers to 
the VLR the identity where the MS is located. If this MS is not this still 
registered, the VLR and the HLR interchange information to allow to the calls of 
this MS. The VLR have to organized one or several MSC areas. 

Authentication Centre (AuC):  The AuC is a data base and it contains the data 
of each mobile subscriber to allow the international identification of subscribers 
mobile (IMSI) to be able to make the authentication of the subscriber and to 
coding the communication by the way radio between the MS and the network.  
The AuC transmits the required data for the authentication and coding through 
the HLR until the VLR, MSC and SGSN that need to authenticate the mobile 
subscriber.  The AuC is associating to a HLR through interface H, and stores 
keys of identification for each mobile subscriber registered in the associate 
HLR. 

Equipment Identity Register (EIR):  The EIR have a data base that identifies 
international mobile equipment (IMEI) to control the network access of mobile 
equipment. 

Mobile Switching Centre (MSC):  The MSC is a central station that makes all 
the required functions of signalling and commutation for CS services from/to all 
the located MSs in a geographic area.  The main difference with a central 
station of fixed network is that it incorporates functions for the management of 
mobility like the procedures for the position registry and handover.  The MSC is 
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connected to the access GSM network, formed by one or several BSSs, 
through the A interface and UTRAN, formed by one or  

several RNSs, through the Iu-CS interface.  A CN can be constituted by one or 
several MSCs. 

Gateway MSC (GMSC): In the case of incoming calls to a PLMN, the call take 
directed way to one MSC, if the fixes network is not able to interrogate one 
HLR. This MSC interrogates the appropriate HLR and then it directs the call to 
the MSC where the called MS is.  The MSC that makes the direction function to 
the MS is the GMSC. 

Inter working Function (IWF):  The IWF is associated with the MSC, and it 
allows the interoperation between the PLMN and fixed networks. The IWF 
functions depend to the different services of fixed network.  

Serving GPRS Support Node (SGSN): The SGSN follows and holds the 
position of the MSs in their area. SGSN has the security and access control 
function The SGSN establishes PDP contexts (Packet Data Protocol) for routing 
with the GGSN. Another function is the position registry, it stores the 
subscriptions information and location data .This information is necessary to 
carry out the incoming or salient transference packages data. The SGSN is 
connected to the BSC through the Gb interface and to the RNC through the Iu-
PS interface.  The SGSN can send location data to the MSC/VLR to traverse 
optional interface GS.  The SGSN also can interact with SCF (Service Control 
Function) through an interface CAP. 

Gateway GPRS Support Node (GGSN):  The GGSN provides the 
interoperation with external networks with packages commutation .It is 
connected through the Gi interface to external networks and is connected with 
one or several SGSNs through the Gn interface.  The function : localization 
registry in a GGSN stores the subscriptions information and routing data . When 
the SGSN and the GGSN are in different PLMNs, they are interconnected 
through the Gp interface that provides the functionality of the Gn interface and 
functionality of required security for the Inter-PLMN communication. 

Border Gateway (BG):  The BG is a footbridge between a PLMN supporting 
GPRS and a main network external Inter-PLMN used for the interconnection 
with other PLMNs also supporting GPRS.  The BG function is to provide the 
appropriate security level to protect the PLMN and their subscribers. 

4.2.1 Acces network (UTRAN) 
 
The access network radio provides the connection between the mobile 
terminals and Core Network. In UMTS it receives the name of UTRAN (Access 
Universal Radio electric Terrestrial)  
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UTRA mode 
 
UTRAN consists of one or more Radio Network Sub-System (RNS).An RNS is 
a sub-network within UTRAN and consist of one Radio Network Controller 
(RNC) and one or more Node B’s. The RNS are connected to each other via an 
Iur interface and Node Bs are connected with an Iub Interface. 

 

 

The main characteristics of UTRAN are: 
 
- UTRAN support soft-handover and the WCDMA-specific 
- UTRAN used ATM transport (in Release 5 IP transport) 
 

 

 
 
4.2.2 Local Network (Core Network) 
 
The Core Network incorporates intelligence and transport functions. They 
support the transport of the traffic information and signalling, including the 
commutation.   
 
The direct resides in the intelligence functions, that include benefits like the 
logic and the control of services offered through defined interfaces; also they 
include the management of mobility.  Through the Nucleus of Network, the 
UMTS is also connected with other networks of telecommunications, so that is 
possible the communication not only between mobile users UMTS, also with the 
other networks. 
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4.2.3 Terminals or UE 

User Equipment (UE) is the name associate to terminals or mobile. 

The mobile terminals belong to the mobile station to establish the 
communication. To connect with the network the mobile terminal need the 
UMTS card. 

Use Equipment, is the equipment that the user have to get the communication 
with the base station in the moment that the user decided if exist cover. UE can 
have different size, “forma”, but all the terminals have to support the same 
standard and protocol. If one mobile is designed to work in UMTS system, it has 
to can get communication with one mobile that it uses 2G system. 

At first UMTS terminal are designs in multi-band and multi-mode, allowing users 
to switch UMTS, GPRS and GSM services in different frequency bands and 
travel around the world. 

4.2.4 Transmission Networks 
 
Transmission networks used to connect the different elements that integrate all 
the network. 
 
4.2.4.1 Interface Uu 
 
The Uu interface is between the User terminal and UTRAN network. It interface 
use the technology WCDMA. 
 
4.2.4.2 Interface Um  
 
This interface connect BTS with MS 
 
4.2.4.3 Interface Iu 
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Is the interface that connects the core network with Access Network UTRAN. 
 
4.2.4.4 Interface Iu-CS  
 
This interface Iu-Cs is used when the network is based in packet commutation. 
It connects the UTRAN network with the MSC.  
 
4.2.4.5 Interface lu-PS 
 
This interface connects the access network with the SGSN of the core network. 
 
4.2.4.6 Interface Iu-Bis 
 
This interface connect the RNC with Node B 
 
4.2.4.7 Interface A bis 
 
This interface connects the BTS with BSC. 
 
4.2.4.8 Interface Gb 
 
This interface connects the BSC with SGSN. 
 
4.2.4.9 Interface Gs 
 
This interface connects the SGSN with the MSC/VLR. 
 
4.2.4.10 Interface Gp 
 
This interface connects the SGSN with GGSN. 
 
4.2.4.11 Interface H 
 
This interface connects Auc with HLR. 
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5 OSI 
 

 
 
 
5.1 Physical Layer 
 
The Physical Layer studies the most important things like the Spreading, the 
modulation and the codification coding. 
 
The physical layer is the lowest in the WCDMA model and it has logic interfaces 
with the MAC and RRC Sub-layer. The interface with the MAC layer is PHY, 
and it has to transfer data (transport channels). The interface with the sub- layer 
RRC is CPHY. It is used for the control information. 
 
 
WCDMA can use the FDD model and TDD model. FDD model the Uplink and 
downlink  
use different frequency bands and TDD use the same frequency bands. In 
FDDD model SF (Spreading Factor) is 4-256 for the uplink and for downlink is 
4-512.  
In TDDD model is 1- 16 in both directions. This thing provides different transfer 
velocity in FDD (7,500 bit/s – 960 Kbps) and TDD (240 Kbps – 3.84 Mbps) 
 
5.1.1 Physical Functions 
 
The Physical Layer has to do these functions: 
 

?  Codification and decodification for the mistake correction in the transport 
channels 
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?  Measurements and indications radio for the superior layers. 
?  Mistake detection in the transport channels. 
?  Macro diversity, distribution, combination and the execution of the soft 

handover. 
?  Transport Channels multiplex and demultplexation of CCTrCHs 
?  Rate Matching 
?  Mapping of the CCTrCHs in the physical channels 
?  Modulation, spreading/Demodulation, despreading of the physical 

channels 
?  Synchronization in frequency and time  
?  Power Control of close loop control.  
?  Combination of physical channels 
?  Processing of RF  
?  Advance in time in the uplink (only in way TDDD) 
?  Support for the synchronization in the uplink (only in way TDD) 

 
5.1.2 WCDMA Channels 
 
There are different channels in WCDMA technology: transport channels, 
physical Channels, logical channels, common channels, shared channels and 
dedicate channels. 
 
In UTRA the data are carried over the air with transport channels, witches are 
mapped in the physical channels. 
 
5.1.2.1 Transport Channels 
 
The transport channels are services offered from the first layer to the superior 
layers. These channels are defined for the characteristics data. There two types 
of channels: 
 

?  Dedicate Channels, specific for one user terminal. 
?  Common Channels, only use the address of user terminal if it is 

necessary.  
 
5.1.2.1.1 Dedicate Channels 
 
Only exist one dedicate channel (DCH). This channels, is used in the uplink 
channel and the downlink channel. DCH is transmitted to the entire cell o a one 
part of them using beam-forming antennas. 
 
This type of channels carries all the user information to the above layers. 
 
5.1.2.1.1.2 Common Channels 
 
There are seven common transport channels: BCH, FACH, PCH, RACH, 
CPCH, DSCH and HS-DSCH. 
 
BCH (Broadcast Channel) 
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BCH Channel is one downlink channel is used to transmit specific information 
(random access codes and access slots in the cell, or the types of transmit 
diversity methods) for the UTRAN system.  
 
BCH is transmitting to the entire cell and it have only one format packet. 
 
 
FACH (Forward Access Channel) 
 
FACH is one downlink transport channel and it is transmit to the entire cell. 
It carries control information to known terminals to locate it in the cell. 
 
PCH (Paging Channel) 
 
PCH is one channel for downlink and is transmit to the entire cell.  
It carries data relevant to the paging procedure (when the base station wants to 
initiate communication with the terminal) 
 
RACH (Random Access Channel) 
 
RACH is the transport channel for the uplink, all the cell received this channel 
but is probably the collision.  
It carries control information from the terminal (such as request to set up a 
connection). 
 
CPCH (Common Packet Channel)  
 
CPCH is an extension to the RACH channel that carry packet data user in the 
uplink direction. 
 
DSCH (Downlink Shared Channel) 
 
DSCH is one transport channel for the downlink and is shared for some user 
system. DSCH is associates with one or some DCH. This channel is transmitted 
to all the cell o one part of the cell using beam forming antennas. It carries 
dedicated user data and control information 
  
HS- DSCH (High Speed Downlink Shared Channel) 
 
HS –DSCH is a transport channel for the downlink, this channel is shared for 
some users. The HS-DSCH is associate with one DPSH and one or some 
control shared channels. HS- DSCH is transmitting to the entire cell or to only 
one part using beam forming antennas. 
 
5.1.2.2 Physical Channels 
 
The different transport channels are mapped to different physical channels, 
though some of the transport channels are carried by identical physical channel. 
Exist physical channels to carry only information relevant to physical layer 
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procedures. The Synchronisation Channel (SCH), the Common Pilot Channel 
(CPICH) and the Acquisition Indication Cannel (AICH) are not directly visible to 
higher layers. The CPCH Status Indication Channel (CSICH) and the collision 
Detection Channel Assignment Indication Channel (CD/CA-ICH) are need if 
CPCH is used. 
 
The dedicate channel (DCH) is mapped on to two physical channels. The 
Dedicated Physical Data Channel (DPDCH) carries higher layer information, 
including user data, later control information. These two dedicate physical 
channels are needed to support efficiently the variable bit rate in the physical 
layer. The bit rate of DPCCH is constant, while the bit rate of DPDCH can 
change from frame to frame. 
 

 
 
 
The Physics channels characterize themselves by: 
 
- The frequency carrier. 
- The scrambling codes. 
- The canalization codes. 
- The beginning and shutdown time transmission  
- The phase (the uplink) 
 
5.1.2.2.1 Physical channels in the uplink 
5.1.2.2.1.1 Dedicate Channel in the uplink 
 
There are three types of dedicate Physical channels: 
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-  Data Channel dedicate (DPDCH), is used to carry the DCH (Dedicated 
Channel) transport channel.  

 
- Control channel dedicate (DPCCH), the uplink DPCCH is used to carry 
the DCH (Dedicated Channel) transport channel and is used to carry 
control information generated at Layer 1.  

 
 
 

 
 
- Control dedicated channel In the uplink is associated with the 
transmission of the Hs-dsch (uplink Hs-dpcch), the function is to 
transport signalization of feedback in the uplink related to the 
transmission of the Hs-dsch in the downlink.  Signalization of feedback 
consists of a warning Hybrid - ARQ and an indicator of the quality of the 
channel. 
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Frame lengths: 10ms or optional frame lengths 20ms (voice and data 
applications) 
 
5.1.2.2.1.2.1.2 Common Channels in the uplink  
 
PRACH (Physical Random Access Channel) 
 
The PRACH function is transport the RACH (Random Access Channel). Each 
primary scrambling code is allocated 16 PRACH codes; however all may not be 
utilized. 
 
PCPCH (Physical common Packet Channel) 
 
The PCPCH function is transport the CPCH. Each cell scrambling code is 
allocated a possible 64 PCPCH codes. 
 
5.1.2.2.2 Physical channels in the downlink  
5.1.2.2.2.1 Physical channels dedicate in the downlink  
 
Only exist one downlink Physic Channel, DPCH (Downlink dedicated Physical 
Channel), the DPCH is like one multiplexation in time to the channels DPDCH 
and DPCCH in downlink. 
 
5.1.2.2.2.2 Physical channels common in the downlink  
 
CPICH (Common Pilot Channel) 
 
This channel is used to enable channel estimation. It uses a pre defined bit 
sequence. It has a fixed rate of 30Kbps with a Spreading Factor of 256. This 
allows the User Equipment to equalize the channel in order to achieve a phase 
reference with the SCH and also allows estimations in terms of power control. 
The same channel code is always employed on the Primary CPICH. 

 
P-CPICH (Common Pilot Channel primary) 
 
The P-CPICH is the Phase reference for some channels (SCH, CCPCH… ) in 
the downlink and it is used to carry synchronization and broadcast information 
for users.  

 
S-CPICH (Common Pilot Channel secondary) 
 
El S-CPICH is the Phase reference for the downlink DPCH  
 
P-CCPCH (Common control Physical channel primary) 
 
Is one downlink Physic channel with one velocity like 30 Kbps used to transport 
the transport channel BCH. 
  
S-CCPCH (Common control Physical channel secondary) 
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Is used for transport the FACH and the PCH. 
 
SCH (Synchrony channel) 
 
The Synchronization Channel is a downlink signal channel used for cell search 
and conveying of synchronization information 
 
5.1.2.2.2.3 Physical channels shared in the downlink  
 
PDSCH (Physical shared channel) 
 
The physical shared channel in the downlink are use to transport DSCH. 

 
HS-SCCH (Control shared channel) 
 
Is one physical channel in the downlink with 60 kbps, it brings the signalization 
in the downlink (relation with HS-DSCH) 
 
HS-PDSCH (High velocity physical shared channel in the downlink ) 
 
It is use to transport the HS-DSCH. 
 
5.1.2.2.3 Indicator channel  
 
AICH (Acquisition indicator channel) 
 
Is a fixed physical channel with a spreading factor of 256 equating to 32Kbps. It 
is used to carry acquisition indicators which correspond to signatures on the 
Physical Random Access Channel. 

 
PICH (Voice indicator channel) 
 
It is the physical channel with fix velocity, it is use to transport the Voice 
indicator. 
 
5.1.3 Spreading /Modulation / Codification Coding 
 
5.1.3.1 Spreading 
 
Spreading means to increase the bandwidth beyond the bandwidth required for 
the signal to accommodate the information, it is the spreading for the 
transmission of a sign in bases band. 
 
CDMA uses extended codes to be able to extend the data width band in a base 
band before the transmission. The sign is transmitted in a channel with a low 
level of noise and in the receiver you must use the same code to recover the 
original signal which pass band. 
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The extended codes are a sequence of some zeros and ones and the speed of 
these codes is bigger than the speed of the data in bases band. 
 
The security is extended spectrum sign over another in band bases and they 
are able to support technical of multiple access. 
 
In UTRAN there are two different types of extended codes: the codes 
orthogonal and the codes of pseudo noise. 
 
Scrambling is used on top of spreading, so it does not change the signal 
bandwidth but only makes the signals from different sources separable from 
each other. 
 
5.1.3.2 Modulation  
 
The information can be modulated in phase or in frequency, or a both 
combination .When we do the spectrum extended is in phase modulation, it is 
called direct sequence. If the spectrum extended is obtained by a quick 
frequency change it is called spectrum frequency and another form of obtaining 
the signal of extended spectrum is time jump, it is when the time of transmission 
is divided in intervals frames. In the network UMTS the technical is DS-CDMA. 
 
 

 
 
 
5.1.3.3 Codification Coding 
 
The information sign is modulated by a extended code (this technical is up 
explain) 
In UTRAN exist two extended codes in the air interface: the orthogonal codes 
and the pseudo noise. Codes. 
 
Both are used in the downlink and the uplink .But it cannot be used in the 
downlink between base stations, for the simple reason that only exist a limited 
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number of orthogonal codes which should be reuse in each cell, what can 
cause that in an UE can receive the same code of two different stations base at 
the same time if it is in the limit of two base stations.   
   
    
 
 
5.1.3.3.1 Orthogonal codes 
 
The codes orthogonal are synchronized in time and there aren’t interfering with 
the other ones. They can be used in the downlink for separate different users 
from the same cell and in the uplink to separate the services from the same 
user. 
 
En the uplink it belongs that the signal user is synchronized in time, it allows 
that the orthogonal codes can separate the channel of the same user.   
   
In the downlink, the same orthogonal codes are used by the bases station for all 
the mobiles from the same cell.  
 
To conclude in the downlink it will never be all orthogonal neither free of noise.   
 
5.1.3.3.2 Pseudo noise codes. 
 
The orthogonal codes could not do the extended functions by themselves in the 
air interface of UTRAN, because we can use only the synchronized signals. 
 
The pseudo noise codes are used in the second part of the extended process 
(scrambling) 
 
In the Scrambling, the signal is multiplied by the function XOR with the 
scrambling codes of pseudo noise.  

   
These codes can be long or short codes. So if the sign recovered in the receiver 
is multiplied by the code of pseudo noise that generate it, you must to get the 
correct signal. The same code of pseudo noise is used in the transmitter and 
receiver. 
 
There are many available pseudo noise codes in the ascent connection, and 
there isn’t synchrony problems and in neither in the cancellation of they. 
 
On extended code, identifies an UE to a bases station.  
 
In the downlink, the codes scrambling codes are used to reduce the 
interference between base stations. 
 
5.1.3.3.3 Canalization codes. 
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The canalization codes are use for the downlink and the uplink; they are 
orthogonal codes plus the extended factor variable (OVSF).   
 
The creation of these codes is based on an algorithm which produces trees of 
codes where each level defines a canalization code with longitude SF. In 
UTRAN the SF is used to 4 to 512 and to 4 to 256 are used in uplink. 
 
A SF like 4 means for example that for each signal data you exist  four chips in 
the extended code and that the bandwidth of the resulting sign is four times 
more that the original. 
 
All the codes inside the tree of codes cannot be used at the same time inside 
the same cell. At last two codes for the same route cannot be used in the same 
time.   
 
 
When you do the recovery process with the correct code of the original sign is 
obtained, as well as the bandwidth of initial signal. One bad code produces 
noise in the process. 
 
 
 
 

 
 
 
5.1.3.3.4 Scrambling codes 
 
There are 2exp 24 scrambling codes in the uplink, they used code is selected 
by the net and the mobile is informed by a message in the downlink about which 
code used. 
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In the downlink we have a total of 2 exp 18 -1 codes .But not all the code are 
used, the scrambling codes are divided in 512 conjuncts and each one consists 
on a primary code and 15 secondary codes .For each cell there are only  one 
conjunct and a single primary code. 
 
5.1.3.3.5 Synchrony codes 
 
The synchrony channels are multiplied by the primary and secondary synchrony 
codes. The primary synchrony codes are used in the primary synchrony 
channels. These codes are similar in all the cells. 
 
 
 
 Synchrony 

codes 
Canalization 
Codes 

Pseudo noise 
codes in the 
Uplink 

Scrambling 
codes in the 
downlink 

Type Gold codes OVSF codes ( 
Walsh 
functions) 

 
Gold codes 
and S - codes 

Gold codes 

Lenght 256 chips 4-512 chips 38400 chips/ 
256 chips 

38400 chips 

Period 66.27 
microsec. 

1,04 microsec 
– 133.34 
microsec. 

10 milisec- 
66.67 
microsec. 

10 milisec. 

Code 
Number 

1 primary / 16 
secundary 

4-256 (uplink) 
5-512 (uplink) 

16,777,216 512 primary / 
15 secondary 
for each 
primary. 

Spreading No Yes No No 
 
 
 
5.2 Modulation and spreading in UTRAN. 
 
5.2.1 MAC layer (Medium Access Control) 
 
We can have three different modes: 

- FDD 
- TDD 
- FDD+ TDD 

 
 
MAC Protocol is not symmetric; It has different characteristics in the UE part 
that in the UTRAN part. The MAC of UTRAN connect UE with the core network 
and in the other side, in layer MAC of UE, it connects UE with network UTRAN. 
 
Architecture in the both sides: 
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Mac- b (MAC –hs) maintains the BCH (Broadcast Channel). The UE have one 
MAC-b and UTRAN have one MAC-b each cell. 

 
 
Mac-c maintains the PCH, FACH, RACG and the DSCH. And also the CPCH in 
the uplink in mode FDDD and the USCH in mode TDDD. There is one MAC-
c/SH in UE and one in UTRAN. 
 
MAC-d maintains the logical dedicated channels and the transport dedicates 
channels. The UE have one MAC-d and UTRAN have one MAC-d for every UE 
with dedicated channels. 
 
The MAC layer works with the transport channels between physical layer and 
MAC layer and the configuration is controlled by RRC layer. 
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The MAC layer offers services to the above layers: 
 

- Data transfers 
- Radio Resources and parameters   
- The measurements are send to RRc layer. 

 
5.2.2 MAC functions: 
 

- Mapping of the logical channels and the transports channels. 
- Selection of the package format. 
- Selection of the priority in the data in a UE.  
- UE identification in the common transport channels. 
- Multiplex/ Demultiplex of the PDUs. 
- Monitored and measurements of traffic volume. 
- Ciphering for the mode transparent RLC . 
- Selection of the services access class for the transmission of RACH 

and CPCH.  
- Control of the transmission and reception of the HS-DSCH including 

the HARQ. 
- Measurements of the bit speed provided by Hs- DSCH. 
- It must react favourably to the RRC layer necessities. 
- The MAC layer in the side of UE monitored the buffer of the uplink 

connection, whereas the same layer but in the UTRAN side 
monitored the transmission buffer in the downlink. 

 
 
Between layers MAC and RRC there are different messages used in the 
procedures between layers: 
 

- CMAC-CONFIG-REQ: It is used to request the update, liberation or 
configuration of one channel.   

 
- CMAC-MEASUREMENT-Req:  It is used by layer RRC to request to 

the layer MAC that executes measurements.   
 

- CMAC-MEASUREMENT- IBD: It is used to notify to layer RRC the 
results of the measurements.   

 
- CMAC-STATUS-IND: It notifies to RRC layer about status of the 

information. 
 
5.2.3 Channels 
 
5.2.3.1 Logical channels 
 
A general classification of logical channels is into two groups: Control Channels 
and Traffic Channels. Control Channels are used to transfer control plane 
information, and Traffic Channels for user plane information. 
 
5.2.3.2 The control channels are:  
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BCCH (Broadcast Control Channel): Downlink channel for broadcasting system 
control information. 
PCCH (Paging control Channel) : A downlink channel that transfers paging 
information 
DCCH (Dedicated control Channel): A point-to-point bidirectional channel that 
transmits dedicated control information between a EU and RNC. This channel is 
established during the RRC connection establishment procedure. 
CCCH (Common control Channel): A bidirectional channel for transmitting 
control information between the network and Ues.  
 
5.2.3.3 The Traffic Channels are: 
 
DTCH (Dedicated Traffic Channel): Is a point-to-point channel, dedicated to one 
UE, for the transfer user information. 

 
CTCH (Common Traffic Channel): A point-to multipoint downlink channel for 
transfer of dedicated user information for all or a group of specified UEs. 
 
 
5.3 RLC layer (Radio Link Protocol) 
 
The RLC layer provides retransmission of control data or user data, matinees 
the retransmission buffer, execute the encoding and it directs the packages of 
incoming data to the destination.  
 
5.3.1 RLC Layer Architecture 
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There are different services modes:  
 

- Transparent mode (TR): BCCH, PCCH, SHCCH, DCCH, DTCH and 
CCCH use this mode. CCCH and SHCCH only use this mode in 
uplink direction. The f unction of this mode is process RLC dates. 

 
- Transparent services: Segmentation and reassembly; User data 

transfer. 
 

- Unacknowledged mode (UM) : UM is used for DCCH, DTCH and 
CTCH channels and in the downlink is used for SHCCH and CCCH 
channels. 

 
- Unacknowledged services: Segmentation and reassembly; 

concatenation; padding; transfer of user data; Sequence number 
check; Ciphering. 

 
- Acknowledges (AM): AM is used for DCCH and DTCH channels, only 

there is one carrier in the EU that is common for uplink and downlink 
 

- Acknowledges services: Segmentation and reassembly; 
concatenation; padding; transfer of user data; Error correction; 
Duplicate detection: Flow control; Protocol error detection and 
recovery; Ciphering. 

 
 
5.3.2 RLC Layer Functions 
 
The functions are: 
 

- Segmentation and reassembly: The PDU´s of superior layers in or 
from smaller units RLC  

 
- Concatenation:  The RLC SDU´s can be concatenated to fill the RLC 

PDU´s completely 
 

- Padding: When concatenation is not applicable and the remaining 
data to be transmitted does not fill an entire RLC PDU of given size, 
the remainder of data field is filled with padding bits. 

 
- Transfer user data: User data Transfer is controlled by QoS setting. 

And RLC supports the three different modes that I explain before. 
 

- Error correction: This function provides error correction by 
retransmission in the acknowledge data transfer mode. 

 
- Duplicate detection: this function detects duplicated received RLC 

PDU´s. 
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- Flow control: This function  allows an RLC receiver to control that 
rate at witch the peer RLC transmitting entity may send information. 

 
- Sequence number check: This function guarantees the integrity of 

reassembled PDUs and provides a means of detecting corrupted 
RLC SDUs through checking the sequence number in RLC PDUs 
when they are reassembled into a RLC SDU. 

 
- Protocol error detection and recovery: This function detects and 

recovers from errors in the operation of the RLC protocol. 
 

- Ciphering: Is carried out in the RLC layer for the acknowledged and 
unacknowledged RLC modes. 

 
- Suspend/resume function for data transfer: Suspensions is 

needed during the security mode control procedure so that the same 
ciphering keys are always used by the peer entities. 

 
 
The message RRC most used  between superior layers is:  
 
  

- CRLC- CONFIG-Req: It is used to establish, to re-establish, to 
release, to stop, to continue or to modification layer RLC. 

 
5.4 PDCP layer (Packet Data Convergence Protocol) 
 
PDCP exist only in the user plane and only for services from the PS domain. 
 
5.4.1 PDCP Layer Architecture 
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5.4.2 PDCP Functions 
 
The main PDCP functions are: 
 

- Compression of redundant protocol control information, to get 
better spectral efficiency for services. 

- Transfer of user data: This means that the PDCP receives a PDCP 
SDU from the non-access stratum and forwards it to the appropriate 
RLC entity and vice versa. 

- Support for lossless SRNS relocation. In practice this means that 
those PDCP entities witch are configured to support lossless SRNS 
relocation have PDU sequence numbers, witch , together with 
unconfirmed PDCP packets are forwarded to the new SRNC during 
relocation. Only applicable when PDCP is using acknowledged mode 
RLC with in-sequence delivery. 

 
5.5 BMC layer (Broadcast/multicast control protocol) 
 
BMC exist only in the user plane, this protocol is designed to adapt broadcast 
and multicast services. This protocol utilising this protocol is the SMS Cell 
Broadcast service.  
 
5.5.1 BMC Layer Architecture  
The BMC protocol doesn’t have any special logical architecture. 
 
 

 
 
 
5.5.2 BMC Functions 
 
The main BMC functions are: 
 

- Storage of Cell Broadcast messages: The BMC in RNC stores the 
CELL Broadcast messages received over the CBC-RNC interface for 
Scheduled transmission. 

 
- Traffic volume monitoring and radio resource request for CBS: 

In the UTRAN side , the BMC calculates the required transmission 
rate for the CELL Broadcast Service based on the messages 
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received over the CBC-RNC interface, and request appropriate 
CTCH/FACH resources from RRC. 

 
- Scheduling of BMC messages: The BMC receives scheduling 

information together with each Cell Broadcast message over the 
CBC-RNC interface. Based on this Scheduling information, on the 
UTRAN side the BMC generates schedule messages and schedules 
BMC message sequences accordingly. On the UE side, the BMC 
evaluates the schedule messages and indicates scheduling 
parameters to RRC, witch are used by RRC to configure the lower 
layers for CBS discontinuous reception. 

 
- Transmission of BMC messages to UE: This function transmits the 

BMC messages according to the schedule. 
 

- Delivery of Cell Broadcast messages to the upper layer: This UE 
function delivers the received non-corrupted Cell Broadcast 
messages to the upper layer. 

 
 
5.6 RRC layer (Radio Resource Control) 
 
The RRC layer control the configuration of all the inferior layers (PDCP, BMC, 
RLC, MAC and physical) 
 
5.6.1 RRC Layer Logical Architecture 
 

 
 
The RRC layer can be described with four functional entities: 
 

- The Dedicated Control Function Entity (DCFE) 
- The Paging and Notification control function Entity (PNFE) 
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- The Broadcast control function entity (BCFE) 
- The fourth entity is normally drawn outside of the RRC protocol, but 

still belonging to access 
- stratum and logically to RRC layer, the entity is called Routing 

function Entity (RFE) 
 
5.6.2 RRC Service States 
 
The RRC layer provides the next services to the superior layers:  
 

- General Control.  The information transmits to all the mobiles in one 
area.  

 
- Notification: This service transmits voice information to one 

geographic area, but normally goes to one UE or to a UE group.  Also 
this service does the notification transmission. 

 
- Dedicated Control: It offers the establishment and the liberation of 

one connection and the messages transference using this 
connection. 

 
The RRC layer provides of signalization connections to the superior layers to 
support the flux information. 
 
5.6.3 RRC Functions 
 
The main functions are: 
 

- Initial cell selection  
- Information transmission  
- Voice reception and notification messages reception 
- Establishment, maintenance and liberation of connections RRC. 
- Establishment, reconfiguration and liberation of the carriers radio  
- Allocation, reconfiguration and liberation of the resources of radio in a 

RRc connection, assignation of codes and channels CPCH: 
- Handovers process .Include the preparation and the execution 

handover process and handover between systems.  
- Measurements Control  
- Power control (open loop) 
- Security control  
- PDU´s address of superior layers 
- QoS Control. 
- DRAC support. 
- Connection resolution (TDD)  
- Time 
- Initial configuration support for service CBS  
- Discontinuous reception support on the CBS. 
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6. Power Control 

W-CDMA Power Control is a very important part for the function of WCDMA 
system. Power control is used because all the UE have to receive the same 
power from BTS (Base Transceiver Equipments). 

Power control: Have open and fast close loops with 1,6 kHz rate in UMTS.      

There are three types of power control used in W-CDMA:  

6.1 Open-loop control 
 
Is used for when the EU access in the network. It set a initial uplink and 
downlink. 
The open loop power control tolerance is ± 9 dB (normal conditions) or ± 12 dB 
(extreme conditions) 
 

 
 
  
6.2 Closed-loop control  

In the uplink accordance with TPC (received in the downlink) and when the UE 
send to Node B the interference signal (SIR) and node B compare SIR with the 
target SIR.UE adjust the out put power. 
UE can change the out power to 1, 2 or 3 dB. 
Loop power control frequency is 1500Hz. 
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6.3 Outer loop power control: 
 
This type is used to maintain the quality of communication. The uplink outer 
loop power control is responsible to assign to the target SIR (in the Node B )the 
inner loop power control.  
 
Each UE update this target SIR according to the estimated uplink quality ( 
 
In the downlink outer loop power control the UE has to require the downlink 
power control quality. 
 
 
 

 
 
 7 . Handover 
There are following categories of handover: 
 
7.1 Hard handover 
 
Hard handover appears when the old radio links are deleted before to 
established the news. 
Sometimes the UE can not percept the handover but when is required a change 
of the carrier frequency is a hard handover and maybe UE can feel it. 
 
 
7.2 Soft Handover 
 
Soft handover means that the radio link are added and removed in a way that 
the UE always save one radio link to the UTRAN. Soft Handover appear when 
the cells operated in the same frequency are changed. 
 
7.3 Softer handover 
 
Softer handover appear when the radio links that we added and removed 
belongs to the same node B. 

Generally we can distinguish between intra-cell handover and inter-cell 
handover. For UMTS the following types of handover are specified:  
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?  Handover 3G -3G (i.e. between UMTS and other 3G systems)  
?  FDD soft/softer handover  
?  FDD inter-frequency hard handover  
?  FDD/TDD handover (change of cell)  
?  TDD/FDD handover (change of cell)  
?  TDD/TDD handover  
?  Handover 3G - 2G (e.g. handover to GSM)  
?  Handover 2G - 3G (e.g. handover from GSM) 

 
 
 

 
 
8. Services and QoS 
 
3G networks and services offer multimedia application with the quality 
requirement. 
 
A lot of services can be able to use different QoS, depens the application and 
the data type (video, photo… ) 
 
The QoS parameters to UMTS (3G) are mapped on RAB (over Iu Interface). 
 
UMTS and GPRS have the same QoS mechanism, but in the same time this 
technologies used a different radio technologies it provokes different quality in 
the UE. 
 
We need QoS because streaming applications are coming into terminals and it 
will need throughput and delay guarantees, there will be multiple of 
simultaneous services. 

 
There are three types of QoS technologies: 
-Internet or IETF technologies: 
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- DiffServ  
- IntServ 

- Wireless techniques: 
- 3GPP has specified QoS framework. 
 

- In wireless network the bottleneck is likely close to radio network: 
- QoS must first handle problems of this environment. 

 
DiffServ in GPRS/UMTS used the Technology for IP-networks inside core 
network, between SGSN and GGSN, between other technologies but not in the 
same end-user or services. 
 
Role of 3GPP QoS 
 
• Specified for mobile networks (UMTS, GPRS). 
• There are many levels to give bandwidth, priority, delay, error-ratio, etc. for 
certain services. 
 
In this table you can see the different levels: 
 

 
 
QoS and services 
• Terminal can request certain QoS profile, but SGSN can downgrade this, 
either because subscription profile in HLR is lower or because network 
resources are limited. 
 
• The connection between applications and QoS is not clear: 
 

• Terminal application should request suitable QoS profile 
 
• If application runs over http there is no connection into QoS profile. 
 
• Application server can not affect into this model. 
 

• Streaming services and IP multimedia system will change this model: 
 

• First session started with primary PDP context, which is mainly used for 
signalling. 
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• Then multimedia session is started by requesting secondary PDP 

context(s). 
 
• QoS negotiation is done between terminal and servers => Application 
can effect into QoS profile. 
 
• However, the problem of this model is complexity, I.e. multiple of QoS 

mappings. 

9. Conclusion 

The big demand of mobiles services caused great advances and it possible the 
evolution from systems GSM (2G) to GPRS (2.5G), to the new mobile 3G 
systems like UMTS.  The third generation of mobiles offers an ample group of 
new customized services multimedia and high quality. The evolution until UMTS 
will be gradual because the first evolutions have to operation with GSM 
networks. 

The network architecture R'99 has been designed to facilitate this process of 
evolution.  The network architecture R'00 is a mobile model based on IP 
network. 

With UMTS we obtained:  Roaming;  Global fast access, offering total cover;  
Multimedia services;  Services separation ; One terminal can be connected to 
several Nodes B simultaneously , 3G allows to work with two antennas in the 
same time ;Transmission speed about to 2 Mbps; Capacity to determine the 
terminal position; Security mechanism; USIM with different profiles, is like cards 
SIM of GSM, but with different models so that the user can use the type of 
terminal that he wants ;QoS (Quality of Service) well developed; VHE:  An 
interface for any network.  

 To conclude, with the first systems UMTS launching we will be able to reach 
new opportunities related to the mobile telecommunications such as which we 
have commented before.  
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C: Cdma2000 SYSTEM 
1. Introduction  
 
CDMA2000 is based on IS-95 (2G). CDMA2000 is an evolution of an existent 
wireless standard in 2G. 
 
CDMA2000 offers the services of third generation. Therefore CDMA2000 
provides the services of 3G, wireless services with great profitability and more 
contained, to consent to any service, in any place, at any hour from a terminal, 
etc…  
 
CDMA2000 provides the services that the clients want in this moment. 
 
CDMA2000 is part of the family of Access of Radio of Interfaces of Air for 
Operators Harmonization Group to promote and to facilitate the convergence of 
third generation nets (3G).  
 
They want to offer a global roaming among the different modalities of 3G 
(CDMA2000 and WCDMA) 
 
CDMA2000 is designed to diminish the risks, to protect the investment and to 
provide significant acting to the operators as its nets evolve to offer services 3G. 
 
The nets CDMA2000 are compatible with the nets cdmaOne, that which 
protects the investments of the operators cdmaOne and it provides a simple 
and economic migration to the following generation. Also, the nets CDMA2000 
offers improvements in the voice quality and support for data multimedia 
services.   
 

 
 

2. Standardization 
 

CDMA2000 was approved as terrestrial standard of IMT-2000, CDMA2000 1X 
and CDMA2000 1xEV (including 1xEVDO and 1xEV-DV) constitute part of that 
the UIT IMT-2000 has denominated CDMA Multi-Carrier (MC). 
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CDMA2000 is commercially for more than three years, the first technology of 
third generation that made reality IMT-2000 was. The first system 3G in the 
world starts in Korea at the end of the 2000.    
   

 
 
 
 

Today, 97 millions of subscribers access to CDMA2000 nets in Asia, Europe 
and America. Other 35 CDMA2000 nets will be deployed in the whole world in a 
future not very distant. 
 
3. Evolution de Cdma2000 

 

 
 
 
 
CDMAOne (IS-95A): 
 
- 2G Technology with voice capacity.   
- It provides data transmission speeds up to 14.4 Kbps. 

 
CDMAOne (IS- 95B): 
 
-  2G Technology with voice capacity that offers bigger data, transmission 
speed can offer up to 115 kbps. 

 
CDMA2000: 
 
-     Common denomination for IMT-2000 CDMA Multi-Carrier. 
 
CDMA2000 1X (October 2000): 
 
- 3G Technology that it duplicates the voice capacity.   
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- It provides data transmission speeds up to 307 kbps in a single carrier  (1.25 
MHz, or 1X). 
 
CDMA2000 1xEV : 
 
- Evolution of CDMA2000 1X that it offers bigger data transmission speed can 
offer up to 2.4 Mbps in a single carrier  the same as the previous one (1.25 
Mhz). 
 

 
CDMA2000 1xEV-DO (firsts of 2002): 
 
- 3G Technology that only uses a carrier of 1.25MHz for data.   
- It reaches transmission speeds of up to 2.4 Mbps.    
 
 
CDMA2000 1xEV-DV : 
 
- 3G Technology that integrates voice and data in the same carrier 
- It reaches transmission speeds of up to 3.09 Mbps.   
 
 
 
 
4. Architecture 
 

                
 

4.1 Logical channels 
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 4.1.1 Physical Channels 
 
Carry data over the air and are mapped directly to the physical channels( 
logical channels) 
 

o Dedicated Traffic Channel (f/r-dtch): A point to point logical 
channel that carries data or voice traffic over a dedicated physical 
channel. 

 
o Common Control channels (f/r-cmch control) : These are used to 

carry MAC messages with shared access for several terminals. 
 
o Dedicated signalling Cannel (f/r-dsch): A point to point logical 

channel that carries upper layer signalling traffic over a dedicated 
physical channel, for a single terminal. 

 
o Common Signalling Channel (f/r-csch): A point to multipoint logical 

channel that carries upper layer signalling traffic over a common 
physical channel, with shared access for several terminals. 

 
4.2 Multi-Carrier Mode 

4.2.1 Uplink Spreading and modulation 
 
The uplink spreading is done with Walsh functions. The uplink code used 
for scrambling a period of 242  -1 chips. And the access channels have a 
specific scrambling code with a period of 215 chips. 
 
4.2.2 Downlink Spreading and modulation 
 
Multi carrier nature is the characterised of downlink, the downlink carries 
can be operated independently or in the same time. As each carries have 
a pilot channel, they can be sent from different antennas to allow 
additional diversity. 
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The channel on each carrier is spread with Walsh functions using a constant 
spreading factor during the connection, it separate channels from the same 
source. The spreading factors for data transmission range from 256 down to 
4.Downlink modulation consisting of three carriers. Downlink scrambling is 
characterised by the use of a single code. MC mode is a synchronised base 
station, a single code is used and the different base station uses the same code 
with different phase (512 different phases). 

 
The single carrier bandwidth discussed has often been 1.25 MHz, the 
bandwidth that has been defined for a single carrier spectrum mask with 40 dB 
attenuation for the power level is 1,48 MHz for the base station transmission. 
 
4.3 User Data transmission 
4.3.1 Uplink Data Transmission 
 
In MC mode the fundamental channel is specific to obtain a maximum data 
rate(14,4 bits/s),it can change  but the symbol rate is not changed. The pilot 
symbols and the power control symbols have a interval like 1,25 ms, it allows in 
the downlink fast power control (rate 800Hz). 
 
The user data he radio frame length is 20 ms. 
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4.3.2 Downlink Data Transmission 
 
In the downlink direction the MC mode divided the user data in three parallel 
CDMA sub- carries, each with a rate of 1.2288 Mcps 
 
The symbol rate for the traffic channels after channels coding and interval is 
multiplied by a factor of three. 
 
The Walsh function allocated for the fundamental channel carry user data with a 
fixed spreading factor, typically 256 or 128 for the lower data rates. 

 
 
 
 
 

 

 
 

4.4 Signalling 
 
4.4.1 Pilot Channel: 
 
The MC mode has a separate common pilot channel for each carrier. 
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4.4.2 Synch Channel: 
 
It helps the terminal to acquire initial timing synchronisation. 
 
4.4.3 Broadcast Channel: 
 
Typical information sent on the Broadcast channel is the availability of access 
channels or enhanced access channels for random access purposes. 
 
4.4.4 Quick paging channel: 
 
It indicates to mobile stations whether are accepted to receive the paging 
information or information in the Forward common control channel. 
 
4.4.5 Common Power Control Channel: 
 
It provides the power control information. 
 
4.4.5.1 Common and dedicated control channels: 
 
It is designed to carry higher layer control information for one or more terminals. 
 
4.4.6 Random Access Channel: 
 
RACH is the transport channel for the uplink, all the cell received this channel 
but is probably the collision. It carries control information from the terminal (such 
as request to set up a connection. 
 
4.4.7 Physical Layer 

   
4.4.7.1Power Control 

 
The power control is the same that in WCDMA but it have open and fast close 
loops with 800Hz rate. 

  
5 Spectrum 
 

CDMA2000 is designed to operate in all the spectrum bands attributed for the 
wireless telecommunications services, including the analogical, cellular bands, 
PCS and those of IMT - 2000.  
 
CDMA2000 facilitates the benefit of services 3G making use of a very small 
quantity of spectrum (1.25 MHz for carrier), protecting this way this resource 
important for the operators. 
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6. Terminals 
 

 
More than 578 terminals CDMA2000 1X and of 68 terminal CDMA2000 1xEV-
DO are   
at the moment available, by manufacturing leaders like Audiovox, Axesstel, 
Ericsson,   
CURITEL, Handspring, Huawei, Kyocera, LG, Motorola, Nokia, Research in 
Motion, Samsung, Sanyo, SK TeleTech, Telular and ZTE.  
 
Next to the telephones, they have also been thrown to the market wireless 
modems by AnyDATA, Sierra Wireless and others. There are plans of 
introducing, in a future next, many devices CDMA2000. 
 

 
 
7. Conclusion 
 

To conclude Cdma2000 is a specification that is based on great several data 
services .To obtain this Cdma2000 do a clearly separation about the voice and 
the data.  Cdma2000 increase the speed of the systems 2G. The speeds can 
be sufficient for a particular use, but appear new disadvantages for new 
services (limited spectrum)  
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The Cdma2000 technology is a factor of the standard but it has to consider also 
the economy, the business strategies.... all of this factors aid to get a optima 
solution. And is the consumer who decides what technology prefers and why. 
 
At last Cdma2000 has the same objective that WCMA (UMTS) and it wants to 
get capacity to allow limitless to number limitless users without congestion, 
because since now often there congestion, it want to increase the traffic 
because the people now always uses the mobile substitution the fixed phone 
and finally, many new services (customized, Internet, multimedia). 
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C: Comparison WCDMA (UMTS) –Cdma2000 
 
1. Similarities: 
 

WCDMA (UMTS) and Cdma2000 
 
Fast power control on forward (downlink) link as 
well as reverse (uplink) link. 
 
 
Variable length orthogonal Walsh sequences used for 
forward (downlink) link. 
 
 
Complex QPSK spreading on both forward 
(Downlink) and reverse (uplink) link. 
 
 
Convolution codes used as baseline (identical 
Polynomials). 
 
 
Parallel Turbo codes for higher data rates 
 
 
Orthogonal Walsh functions separating the users 
Parallel code channels on the reverse (uplink) link. 
 
 
Variable spreading factor to achieve higher data 
rates. 
 
 
Non-orthogonal reverse (uplink) link based on PN 
Scrambling codes. 
 
 
Soft handover and mobile assisted inter-frequency 
Hard handoff procedures. 
 
 
Continuous reverse (uplink) link operation. 
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2. Differences:  
 

 
 

WCDMA Cdma200 
 
Use only DS structure channel 
 

 
Use DS and MC structure channel 

 
Chip rates: 4.096 Mbps / 3.84 Mbps 
(UMTS) 
 

 
Chip Rates: 3.6864 Mbps  

 
Frame lengths: 10ms or optional frame 
lengths 20ms (voice and data 
applications) 
 

 
Frame lengths: 20 ms for data and 
control and 5 ms for control messages 
and low-delay data applications. 

 
Coherent detection: No common pilot 
in the downlink 
 

 
Coherent detection: Common pilot in  
the downlink 

 
Power control: Have open and fast 
close loops with 1,6 kHz rate. 
 

 
Power control: Have open and fast 
close loops with 800Hz rate. 

 
Spreading: In the downlink and in the 
uplink variable length orthogonal 
sequences for channel separation and 
Gold sequences (218) for cell and user 
separation in the downlink. And in the 
uplink for the user separation Gold 
sequences (2 41) 

 
Spreading:  variable length Walsh 
sequences for 
channel separation and M-sequence 
215 in 
Downlink. And in the uplink variable 
length orthogonal sequences for 
channel separation, M- sequence 215 
and M-sequence 241 for user 
separation. 
 

 
Synchronization: Asynchronous base 
station 
 

 
Synchronization: Synchronous base 
station 
 

 
Physical Layer: has a synchronization 
channel (SCH), which consists of two 
sub channels named primary and 
secondary  

 
Physical Layer: 
Synchronization channels: the 
secondary channel corresponding to 
forward synchronization channel (F- 
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?  Broadcasting Channels: Fixed 
rate 32 kbps. 

?  Paging channels: is carried by 
secondary common control 
physical channel (S-CCPCH) 
whose rate may be different for 
different cells and can be set to 
provide the required capacity 
for PCH and FACH in each 
specific environment.  

?  Different downlink channel 
structure (Picture 1) 

?  Different uplink channel 
structures (Picture 3) 

 

SYNC) . 
?  Broadcasting Channels: has a 

frame containing 744 bits, 
transmitted at 19.2, 9,6 or 4,8 
kbps. 

?  Paging channels: The 
correspondent paging channel 
in cdma2000 is F-PCH, which is 
backward compatible with IS- 
95. 

?  Different downlink channel 
structure (Picture 2) 

?  Different uplink channel 
structures (Picture 4) 
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3. Global Conclusions 
 
The 3G systems are developed by different organizations: WCDMA (UMTS) is 
developed by ARIB/ETSI and Cdma2000 is developed by TIA but there are 
many similarities and also very differences in the two systems like I explain 
before. 
 
Although exist similar concepts, the details of the physical layers are different in 
the two systems because they were standardized by different associations. 
Nevertheless, both proposals use concepts of IS-95.Exist also this differences 
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between WCDMA and Cdma2000 because WDCMA has to be compatible with 
GSM while cdma2000 has to be compatible with IsS-95. 
 

 

  cdma2000 W-CDMA 

Core network ANSI-41 GSM MAP 

Chip rate 3.6864 Mcps 

4.096 Mcps 
(Docomo) 
3.84 Mcps 
(UMTS) 

Synchronized BS Yes No/Yes (optional) 

Frame length 20 ms 10 ms 

Multicarrier 
spreading options Yes No 

Voice coder EVRC ACELP 

Over head 
Low (because of 
shared pilot code 
channel) 

High (because of 
nonshared pilot 
code channel) 
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D: Bibliography and glossary 

 
1. Glossary and abbreviations 
 
1xEV-DO: Evolution of cdma2000 operating with one 1.25 MHz RF carrier for 
data only 
 
1xEV-DV: Evolution of cdma2000 operating with one 1.25 MHz RF carrier 
integrating voice and data 
 
1xRTT: The first cdma2000 phase as upgrade from IS-95 for providing 3G 
services in one 1.25 MHz RF carrier. 
 
1G: First generation of cellular mobile systems. In contrast to first generation 
systems based on analogical transmission technique 
 
2G: Second generation of cellular mobile systems. In contrast to first generation 
systems based on digital transmission technique and primarily designed for 
voice communication. Typical 2G radio systems are GSM, IS-95, and D-AMPS. 
 
3G: Third generation of mobile communication system featuring higher data 
rates (up to 2 Mbps) and packet switched services for wireless Internet. 3G 
radio standard are for instance W-CDMA and cdma2000. 
 
3GPP: Third Generation Partnership Project 
 
3GPP2: Third Generation Partnership Project 2 
 
AMPS: Advanced Mobile Phone Service; 
 
 
CDMA: Code Division Multiple Access 
 
CCTrCHs: Multiple Radio Links. 
 
EDGE: Enhanced Data Rates for GSM/Global Evolution 
 
FDD: Frequency Division Duplex 
 
GPRS: General Packet Radio Service 
 
GSM: Global Standard for Mobile; worldwide 2G radio standard 
 
GGSN: Gateway GPRS Support Node 
 
HSDPA: High Speed Downlink Packet Access; advanced W-CDMA technology 
for downlink peak data rate of 10 Mbps. 
 
IS-9:5 Interim Standard #95; 2G US radio standard based on CDMA 
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MC-CDMA: Multi carrier CDMA; 3G radio standard from cdma2000 family 
operating with three 1.25 MHz carrier and also referred to as 3xRTT 
 
PLMN: Public land mobile network, a generic term for a mobile wireless network 
that is centrally operated and administrated by an organization and uses land-
based radio frequency transmitters or base stations as network hubs 
 
SGSN: Serving GPRS Support Node 
 
TD-CDMA: Hybrid Time Division / Code Division Multiple Access; 3G radio 
technology used for operation in unpaired IMT-2000 bands that is referred to as 
high chip rate UTRA-TDD with 3GPP standardization 
 
TD-SCDMA: Time Division / Synchronous Code Division Multiple Access; 3G 
radio technology used for operation in unpaired IMT-2000 bands that is referred 
to as low chip rate UTRA-TDD with 3GPP standardization 
 
TDMA: Time Division Multiple Access; primarily a multi user access techniques, 
but often used as synonym for D-AMPS 
 
TDD: Time Division Duplex 
 
UMTS: Universal Mobile Telecommunications Systems  
 
UTRA : UMTS Radio Access (Network) 
 
UWCC: Universal Wireless Communications Consortium 
 
W-CDMA: Wideband CDMA; 3G radio standard that is referred to as UTRA-
FDD with 3GPP standardization 
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