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ABSTRACT 

 

Universal Mobile Telecommunications System (UMTS) is the third-generation (3G) cell phone 

technology. UMTS offers telecommunications services (like speech or SMS) and bearer services, 

which provide the capability for information transfer between access points. It is possible to 

negotiate and renegotiate the characteristics of a bearer service at session or connection 

establishment and during ongoing session or connection. Both connection-oriented and 

connectionless services are offered for Point-to-Point and Point-to-Multipoint communication. 

The radio interface of UMTS is called UTRAN (UMTS Terrestrial Radio Access Network) 

which uses W-CDMA as the underlying air interface [19]. 

 

4G technology is also being developed for the heterogeneous networks e.g. WiMax. Today 

mobile wireless infrastructure is commonly-seen as one of the most advanced form of human 

communications.  The last decade GSM technology has been a leading force in this revolution. 

Simultaneously with the phenomenal deployment of wireless networks and distribution of user 

terminals, also the Internet has seen a similar revolutionary growth. 

  

Handover means changing/switching of a mobile transmission from one channel to another.  The 

main purpose of handover is to maintain an ongoing call when the hardware changes the channel, 

whether it is in the same cell or a different cell. Whenever a handover occurs there is always a 

handover delay which dictates that we cannot guarantee the service continuity. Though the 

handover time is msec but if there is a long handover latency, it will results in high packet losses 

and degradation of end-to-end TCP performance in case of packet switched data. Delay sensitive 

real-time applications demands packet lossless and low latency Quality-of-Service (QOS) 

guarantee during handover. 

 

In this thesis we will find the reasons of delay and packet loss during the handover and effect on 

the QOS (quality of services). 
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CHAPTER: 1 INTRODUCTION 

 
1.1 Brief History of Cellular Networks 

The history of cellular communication is long and the background of mobile networks thereby is 

also long however in this topic we focus on brief historic evolution of cellular networks in terms 

of network architecture and services [1].ST Louis Missouri invented the first car based telephone 

in 1946.This system consists of a single transmitter installed on the top of a building. This 

system was a single channel and only one way communication was possible at same time. In this 

system a single button was used. Button was pushed for talk and released to listen. Police and 

taxi drivers still use this half duplex CB radio system even today. This system was modified into 

a two channel system called Improved Mobile Telephone System (IMTS) in 1960[3].In 

Advanced Mobile Phone System (AMPS) the cellular radio system was implemented to support 

more users by reuse of frequencies.  AMPS are an analogue mobile phone system [4]. 

 

Wireless communications mobile are commonly seen as one of the most highly developed form 

of human transportation ever. Cellular technology has acquired over three generations since 

1979, when the first national cellular network was congenital in Jan. The evolution of mobile 

system starting from 1G (First Generation),  2G , GSM (Global System for Mobile 

Communication) and ultimately become Universal Mobile Telecommunication System (UMTS). 

 

1.2 Advancements 
 

The advancement is necessary to provide new and more services at s reasonable cost as well as 

provide existing services in a better and efficient way. The analog cellular system supported 

plain old telephony services that were the voice with some supplementary services. This was the 

first step in the advancements of cellular networks called 1G.  

 

1.2.1 First Generation 
 

First generation (1G) of mobile telephones systems came in to being early1980. That was based 

on the analog technology many European countries adopt I (1G). Every country developed its 

own system that system is not compatible of others. Every country has different equipments and 

that equipment perform different operations. All European countries use the same mobile that 

incoming calls would automatically be routed to the mobile phone independent of location 

(automatic roaming). 

 

1.2.2 Second Generation 
 

Second generation (2G) based on the cellular networks which were commercially launched on 

the GSM standard in 1991. Second generation is digital base. 2 G system is more efficient, 

conversation were digital encrypted.SMS text messages introduced in 2G. Second generation 

based on the TDMA and CDMA technologies. ETSI have defined several solutions to improve 
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the data access of mobile networks often referred as 2.5 G. HSCSD (High Speed Circuit 

Switched Data   is the simplest modification of GSM. It is packet Oriented and up to 57.6 kbps 

data rate. GPRS (General Packet Radio System) is based on GSM with data rate 170 kbps 

theoretically. GPRS supports combined voice and data services and enables multimedia services. 

EDGE is also an enhancement of GSM/GPRS with theoretical maximum data rate 384 kbps. The 

UMTS 3G telephony is expected to do the more to provide faster and better communication. 

       

 

 

Figure 1.1 [1] 

 

 

1.2.3 Third Generation 
 

Third Generation is mobile phone standard and technology. It based on the ITU (International 

Telecommunication Union) family standard. 

 

In this revolution the leading force is GSM technology since last 10 years. At the same time 

wireless networks phenomenal deployment and distribution of user terminals. Internet has seen a 

similar revolutionary growth. 

 

Wireless network provide the integrated the services both technologies. UMTS uses the 3GPP 

standard. 3GPP standards support the web, email, multimedia, and other data services in a 

broadband wireless network. In addition providing the change in the network infrastructure 

UMTS GSM circuit switched networks to switched network provides the higher transmission 

rate. UMTS provides the mobility supports on different technologies e.g. UMTS and 2
nd

 

generation systems GSM.  

 

During the last thirteen years the Internet and 2nd Generation wireless telecommunications 

systems like GSM (Global System Mobile) have spread themselves very fast over the free 

market countries. But now due to low data rate of second generation telecommunications 

systems there is a need of high data rate so one can enjoy the multimedia services like quality 

video streaming and high speed internet on his mobile phone so the third generation mobile 

systems are needed to replace the old telecommunication systems. Here in this report the UMTS 

(Universal Mobile Telecommunications System) taken as the 3rd generation networks and the 

most common form of UMTS as air interface is the WCDMA (Wideband Code Division 

Multiple Access). In order to get the high quality of service with seamless communication in our 

networks soft handovers are implemented in the networks. Handover is a process when a user 

switches to another channel without any interruption and when we talk about 3rd generation 
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networks we use soft handover because in soft handover mobile phone connects to another 

channel before leaving first channel and that is why  soft handover is also known as Make-

Before-Brake. We are going to discuss in detail soft handovers in the UMTS and observe the 

effect of these handovers on the performance of the system. 

 

Now if talking about the third generation (3G) cellular network which allows high-speed data 

with voice. One generation doesn't clean off the previous generation; somewhat, a 2G tower 

operates next to a 1G tower operating at an altered part of the spectrum. But it takes time to 

install new hardware, cellular devices has been made to fall back to use the old generation 

network. 

 

The service features in almost all networks include air interface standards, and spectrum 

allocated. However, 3G network features involve packet switched data, transparent roaming 

services, broadcast quality sound/video [5]. 

 

The World Administrative Radio Congress (WARC-92) recognized 230 MHz for IMT-2000 on a 

worldwide basis. These were the paired Frequency Division Duplex (FDD) where as the 35MHz 

was unpaired spectrum of Time Division Duplex (TDD). Some spectrum was specified for 

satellite services. The task group set the evaluation criteria for data rates in 3G circuit switched 

and packet switched data services 

 

 Up to 2 Mbps in an indoor environment  

 Up to 144 Kbps in an pedestrian environment  

 Up to 64 Kbps in a vehicular environment  

 

These data rates are the bench mark for 3G technologies. In 3G data rate up to 2 Mbps is 

deployed now a day‟s [5]. 

 

1.2.3.1   3G Standardization 

 

The result of ETSI was the selection of wide band CDMA (WCDMA) as technology for UMTS 

in FDD and TDD.  

 

WCDMA ran until 3GPP was formed by standard developing organization of the world. The 

present partners of 3GPP are ARIB (Japan), CCSA (China), ETSI (Europe) , ATIS (USA) TTA 

(Korea )[5].    

 

1.3 Emerging Technologies 
 

In cellular mobile network technologies there two groups. 

 

 The technology providing low data rate and mobility. 

 The technology providing High data rate and bandwidth with small coverage 

 

Recently UMTS, WIMAX, WLAN, HSDPA WIBRO are the technologies providing high data 

rate, multiple access, mobility and coverage. The change of circuit switched networks into packet 
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switched technology made it possible to get high data rates and opened the doors of more 

evolution opportunities. Due to this opportunity 2.5 G and 3G networks became able to give high 

mobility and data rate services for packet switched users.  

 

1.3.1 WLAN   
 

Wireless broadband technology promise to provide all services at cheaper rates to large no of 

users. According to Institute of Electrical and Electronic Engineers (IEEE) confirmation in 1997 

the original 802.11 is the standard for Wireless LAN. It provides all the facilities of traditional 

LAN technologies without the restriction of cabling.  

 

802.11 standards are applicable for indoor peer to peer networks as well as for outdoor point to 

point and point to multipoint networks. WLAN has the unlicensed frequency band 2.4 GHz – 5.0 

GHz with 54 Mbps data transfer speed with in area of 30 meters in theoretical means.      

 

The 802.11a standard operates at the unlicensed 5 GHz frequency band using Orthogonal 

Frequency Division Multiplexing (OFDM) has 52 subcarriers out of which 48 are specified for 

traffic. The 802.11 b operates at 2.4 GHz with data rate speed of 11 Mbps within the range of 

100 meters [7]. 

 

1.3.2 WIMAX 
 

The Worldwide Interoperability for Microwave Access (WIMAX) is European ETSI HiperMAN 

standard. WIMAX operates within 10-66 GHz  with data rate of 70Mbps within the range of 50 

km. WIMAX contains ability to run up to 134.4 Mbps in a 28 MHz channel  in the radius of 

more than 50 km. it does not require line of sight so it works better vehicular networks [6].      

 

1.3.3 WIBRO 
 

The Wireless Broadband (WIBRO) is introduced by Korean companies it is also like WIMAX 

and operates at 2.3 GHz and gives 512-1024 Kbps data rates around 60 km/h vehicular speed [6].    

 

1.3.4 HSPA 
 

High Speed Packet Access (HSPA) is a modified radio interface for UMTS by 3GPP standards. 

HSPA is often referred as High Speed Downlink Packet Access (HSDPA) and also for uplink in 

UMTS.HSDPA gives data up to 14.4 Mbps per user [8]. 

 

 1.3.5 UMTS 
 

Universal Mobile telecommunications System (UMTS) is symbol of up gradation of cellular 

network Technologies in the field of data rate capacity and capabilities from 2G to recent 

technologies. 3G UMTS operates up to 384 kbps with High mobility features in starting age. It 

provides 144 kbps in rural areas and 2 Mbps stationary areas. While using FDD 3G UMTS is 

ideal technology according to data rates for both uplink and down link transmission as compared 
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to other technologies such as DSL ADSL etc. UMTS provides wide range network services and 

all the operators prefer UMTS due to profitable business and longer term experience. Actually 

UMTS is a leading technology and has no direct competitor such as WIMAX and WIBRO. 

WIMAX and WIBRO are actually the cable replacement competitors [7, 8, 9 ].  

 

1.4 Comparison of Technologies 
 

The tabular comparisons of different technologies are given below.    

 

1.4.1 WLAN, WiMAX, WiBro 
 

The comparison of WLAN, WiMAX and WiBro according to data rates, Access, Mobility and 

Bandwidth is given below. 
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     WLAN WiMAX   WiBro  

            

 

Peak Data Rate 

 802.11a,g=54 Mbps DL:70 Mbps   DL:18.4 Mbps  

           

  

802.11b=11 Mbps UL:70 Mbps 

  

UL:6.1 Mbps 

 

       
             

 Bandwidth   20 MHz 5{6 GHz   9 MHz  

           

 Multiple Access  CSMA/CA OFDM/OFDMA  OFDMA  

             

 Duplex    TDD TDD   TDD  
             

 Mobility    Low Low   Mid  

             

 Coverage   Small Mid   Mid  

            

 Standardization  IEEE802.11x 802.16   TTA&802.16e  

           

 Target Market  Home/ Enterprise Home/ Enterprise  Home/ Enterprise  
           

                                   

                                                Table 1.1: BWA Technology Comparison [8] 

 

1.4.2 3G UMTS, EV-DO, HSDPA 
The comparison of UMTS, EV-DO and HSDPA according to data rates, Access, Mobility and 

Bandwidth is given below. 

    
            

      UMTS EV-DO   HSDPA     
            

  

Peak Data Rate 

DL:2 Mbps DL:3.1 Mbps  DL:14 Mbps     

           

  
UL:2 Mbps UL:1.2 Mbps 

 
UL:2 Mbps 

    
         

             

  Bandwidth   5 MHz 1.25 MHz   5 MHz     

           

  Multiple Access  CDMA CDMA  TDMA,CDMA     

             

  Duplex   FDD FDD   FDD     
             

  Mobility   High High   High     

             

  Coverage   Large Large   Large     

            

  Standardization  3GPP 3GPP   3GPP     
            

  Target Market  Public Public   Public     

                

 

                                                      Table 1.2: 3G Technology Comparison [8] 
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CHAPTER 2: UMTS 
 

2.1 UMTS Network Overview 
 

In 1982 CEPT (Conference of European Posts and Telegraphs) formed a study group called 

Group Special Mobile (GSM) to study and develop European public land mobile system (2G). In 

1989 GSM responsibility transferred from CEPT to ETSI (European Telecommunication 

standards Institute) .Originally GSM was implemented in ETSI member countries. Later on 

GSM was implemented in Eastern Europe Middle East Asia Africa and North America and 

becomes global system for Mobile Communication.GSM is a well suited for voice 

communication and also for Short Message Services (SMS) for information transfer. ETSI have 

defined several solutions to improve the data access of mobile networks often referred as 2.5 G. 

HSCSD (High Speed Circuit Switched Data) is  the simplest modification of GSM. It is packet 

Oriented and up to 57.6 kbps data rate. GPRS (General Packet Radio System) is based on GSM 

with data rate 170 kbps theoretically. GPRS supports combined voice and data services and 

enables multimedia services. EDGE is also an enhancement of GSM/GPRS with theoretical 

maximum data rate 384 kbps. The UMTS 3G telephony is expected to do the more to provide 

faster and better communication [2, 10]. 

 

 

 
        Figure 2.1: The relationships between GSM, GPRS and UMTS 3G Networks [2, 10] 
 

 

2.1.1  UMTS Position in 3G 

 

As it is described already, the 2G is mixture of different technologies. For each technology there 

is responsible standardization organization to avoid duplication. So it was necessary to define 3G 

clearly as an independent technology as possible. The only international body to handle this role 

was International Telecommunications Union (ITU).  So ITU define IMT-2000 concept to attain 

the following objectives.  

 Support for multimedia applications. 
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 High speed data rate support up 2Mbs. 

 Greater roaming features for the subscriber to avail better service coverage. 

 

ITU received sixteen proposals from different standardization bodies including IMT-2000 to 

obtain the objectives as described above. The majority of CDMA proposals consisted of TDD 

and FDD. At the end of this phase two technologies emerged from these proposals regarding 

terrestrial networks with the following features. 

 

 The 3GPP is the originator of UMTS most of whose features are derived from GSM. 

 As a reaction of 3GPP,s inclination to GSM 3GPP2 created [11].  

 

UMTS offers voice and data services in new mode, for example multimedia and end to end 

broadband services. In summarized way UMTS means the following for the operators and the 

customers.  

 

 2.1.2 UMTS for customers 

 
 Worldwide wireless access using a single handset 

 A wide range of multimedia services with appropriate quality levels 

 The third generation mobile standard enables mobile users to harness the full    

o power of the Internet through efficient high-speed radio transmission,  

o optimized for multimedia communications 

 UMTS will make the dream of anywhere, anytime communications a reality 

 

2.1.3 UMTS for the operator 

 
 Unification of the diverse wireless access systems we see today into a flexible  

radio infrastructure 

 Evolution from earlier "legacy" systems, ensuring global economies of scale and  

supply while allowing: 

 

o Plenty of scope for product and service differentiation 

o Choice of radio access methods and core networks in order to flexibly  

Implement and evolve their systems based on the regulatory, market or  

Business requirements for each region or country 

 

For operators perspective a huge investment is required for 3G as compared to 2.5 G. EDGE also 

require a huge investment as a new radio access network. 
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2.2 Standardization 

 
The standardization work has been moved from ETSI to a new organization 3GPP 

(Third Generation Partnership Project) to make the UMTS as a truly universal system along with 

many regional and national standardization organizations. MRP (Market Representation 

Partners) handled market considerations. 

 

 

  
                           Figure 2.2: 3GPP Organizations [2,10] 

 

 

On the basis of inputs from participating organizations the 3GPP created a common standard. In 

3GPP to find the necessary compromises he OHG (Operators Harmonization Group) has been 

setup. WCDMA (Wideband Code division Multiple Access) is a radio based entirely new 

technology with better usage of today‟s GSM spectrum.  

 

2.3 UMTS Network Services 
 

The evolution made UMTS to supports more and more services. Due to UMTS Rel-5 the mobile 

network gives the services as in the internet. e.g. Video Streaming , Voice over IP (VoIP) Video 

Conferences and Interactive Services. The circuit switched part of the network will be  changed 

to put on  the top of packet-oriented technology to support the higher data rates while the packet 

switched part will not changed and a new packet domain IMS (IP Multimedia Subsystems) will 

be added. 

 

2.3.1 General services 
 

The UMTS offers almost the same services like GSM and ISDN (Integrated Services Digital 

Networks). According to ITU-T these services can be divided into three types. Bearer services, 

telecommunication services and Supplementary services. The basic service is voice telephony. 

The Short Message Service (SMS) will also be available. The supplementary services are 

provided on the top of telecommunication services e.g. 

 

 Advice of Charge 

 Caller Identification 

 Three party service 
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 Call Forwarding/Barring/Waiting/Hold     

 Closed User Group 

 

2.3.2 Quality of Service 
 

The support of data communications an enhancement of 2.5G and 3G networks. QoS (Quality of 

Service) is introduced by UMTS and GPRS for improved data communication. QoS is integrated 

parts of the system having an effective mechanism to enables the mobile operators provide cost 

effective high value differentiated IP based applications. 

 

2.3.3 UMTS services Capability 
UMTS is defined as far as possible the part of the network that makes actual connection from the 

part that maintains services. This provides more potential in the market and permits the concept 

of the separate contents, service and carriers. Some of the services are given below. 

 

2.3.3.1 Location based services  

 

The measurement of the radio signals can provide us the geographical position of the UE (User 

Equipment). The positioning function is used by UTRAN (UMTS terratrecial Radio Access 

Network) internally for radio system performance optimization. Typical commercial services are. 

 

 Fleet management 

 Traffic information 

 Emergency services 

 ”Follow me”         

 Nearest service 

 

The GSM/GPRS networks can also provide location based services during signaling between the 

network and MS (Mobile station). 

 

2.3.3.1 WAP Services 
 

WAP (Wireless Application Protocol) enables the user to access internet information and 

services. e.g. e-mail, flight schedule etc. In WAP the WML (Wireless Markup Language) based 

browser instead of HTML (Hyper Text Markup Language) is used to access internet. 

2.3.3.2 MMS Services                          

MMS (Multi Media Services) is used to deliver multimedia messages to UE, either from another 

UE, a fixed point on the internet or a VAS (Value Added Service) Provider.  A multimedia 

message can contain text, speech, video, audio and still images. 
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2.3.3.3 CAMEL Services                  

CAMEL (Customized Applications for Mobile networks Enhanced Logic) is a common way of 

services for the customers. It makes the UMTS network as an NI (Intelligent Network) with the 

following characteristics. 

 Prepaid 

 Call screening 

 Supervision 

CAMEL will do this and also interact with packet switched connections. 

 

2.3.3.5  VHE (Virtual Home Environment) 
 

The VHE enables the UMTS user to have the same personalized interface to network regardless 

of the network accessed. Also when VHE communicate from network to network the CAMEL is 

used. 

 

2.4 UMTS Network Architecture 
 

The UMTS network architecture has been specified to provide higher flexibility to user than 2.5 

G networks. There are two important requirements. 

 An efficient usage of available bandwidth and multiple access techniques. 

 The possibility of accommodating different traffic types.  

The network supporting multimedia services like voice and video conversations and high speed 

internet require different ways to handle the QoS. Also this system allows the 2G systems and to 

preserves the older operator‟s investments [14]. 

The general architecture includes Core Network (CN) domain, (UTRAN) domain and also the 

user equipment (UE) domain. The UTRAN consists of the Antenna, transceiver and Controller 

also the radio interface is between the mobile station and the base station. CN is responsible for 

the switching and routing. UTRAN is connected with the core network CN via Iu interface also 

between the Radio Network Controller (RNC) and core network (CN) there is Iu UTRAN 

interface. The UTRAN interface between CN and RNC is called Iu-PS and between the RNC 

and circuit switched domain of CN is called Iu-CS. The interface between UE and UTRAN is 

called Uu. These interfaces are known as reference points. 

 
 

Figure 2.3 General architecture of UMTS [12] 
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2.4.1 User Equipment 
This domain consists of different types of equipment with different functionality. The user 

equipment is further of two types. Mobile Equipment domain (ME) and User Services Identity 

Module (USIM) domain 

 

 

 

 
Figure 2.4 UMTS User Equipment [12] 

 

 

Mobile Termination (MT) is a typical entity which performs radio transmission and Terminal 

Equipment (TE) is responsible for end to end applications. All these functions are embedded in a 

smart card. 

 

2.4.2 UTRAN 
 

UTRAN includes the set of Radio Network Subsystems (RNSs) the access part of the UMTS. 

The RNS is responsible to allocate and to release the specific radio resources to established 

network between UE and UTRAN.A RNS connected to CN via Iu interface and to the elements 

RNC and to node B. The RNC attached to set of Node B elements each of which can serve one 

or several cells.RNC  also control  the logical resources of the Node B. Inside the UTRAN the 

RNC,s are interconnected with RNS,s via Iur interface. The UMTS network also defines four 

new interfaces. [13]: 

 Uu: UE  to Node B (UTRA , W-CDMA air interface), 

 Iub: RNC to Node B interface, 

 Iur: RNC to RNC interface, 

 Iu: RNC to CN (MSC/VLR or SGSN), 

o Iu-CS for circuit switched data, 

o Iu-PS for packet switched data, 
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2.4.3 Core Network 

In UMTS the core network consists of the main two domains  

 Circuit switched   

 Packet switched 

 

The Asynchronous Transfer Mode (ATM) Adaptation Layer Type 2 (AAL2) control the circuit 

switched data where as the Adaptation Layer Type 5 (AAL5) will control the packet switched 

data. [4] 

 

2.4.3.1  Circuit Switched Domain 
 

The elements of the circuit switched domain connected to UTRAN via interface Iu-CS are the 

Mobile services Switching Center (MSC), Visitor Location Register (VLR), Home Location 

Register (HLR) and Gate way MSC. 

 

2.4.3.2   Packet switched Domain 

The major elements of the packet switched domain connected to UTRAN via interface Iu-PS are 

the serving GPRS Support Node (SGSN) and Gateway GPRS Support Node (GGSN).Some of 

the network elements are used by both the domains. These are EIR, HLR, VLR and AUC. 
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Figure 2.6    UMTS Network Architecture [2, 10] 

 

 

2.5 UMTS Interfaces 
 

The UMTS interfaces or the UTRAN interfaces are the Uu, Iub, Iur, and Iu. The figure 2.7 also 

shows the protocol model for UTRAN. The model includes different horizontal and vertical 

layers and planes which are logically independent of each other which make it easy for 

standardization organizations to change the protocol stack according to future requirements. 
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Figure: 2.7 General Protocol Model [16] 

 

 

The figure shows that it has two main layers. The radio network layer and the transport network 

layer. The UTRAN related requirements and the standard transport technology is handled in 

Radio Network Layer. The User plane and the control plane are in the vertical direction. These 

planes are used to transmit user data from higher layer and to control the link or connection 

respectively. The control plane consists of signaling bearers and application protocols and the 

user plane includes data streams and data bearers. The transport network control plane (TNCP) 

does not contain the radio network information. It contains (ALCAPs) protocol. 

 

2.5.1 Iu Interface 
 

Iu is an open interface serving as the interconnection between the core network and the radio 

network controllers (RNCs) also it manage as the CN performs switching routing and service 

control where as UTRAN handles the resource management. Iu interface related to PS domain 

and CS domain and BS domain is known as Iu-PS, Iu-CS, Iu-BS. The Iu interface covers the 

following functionalities. [17] 

 Access of single UE to different CN domains at the same time. 

 The criteria of resource reservation during packet data transmission. 

 The mechanism of sending requests from CN to UTRAN  and location information from 

UTRAN to CN 
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 The establishment and maintenance and release of radio access bearers. 

 On the protocol level the separation of UE during signaling management. 

2.5.2 Iur Interface 

The Iur interface is responsible of interconnection between the RNC and any other node. It is 

provided as an integration of RNSAP and SCCP implemented over SIGTRAN. The salient 

features of Iur interface are as following [17]. 

 SCCP connection management transparent to RNC (RNSAP) application. 

 Data transfer through connectionless and connection oriented services. 

 Traffic management of common transport channels. 

 Traffic management of dedicated transport channels 

 Traffic management of downlink shared transport channels and also TDD uplink 

channels. 

 SCTP support for multiple network paths congestion avoidance and control. 

 MTP3-b discrimination and distribution for point to point link load sharing 

 SAAL connection management 

 

                 Figure: 2.8 Iur, Iub , Uu Interfaces [18] 
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2.5.3 Iub Interface 

To maintain the connection between the Node B and RNC Iub logical interface is used. The 

salient features of Iub are as following. 

 The Iub transport resources management. 

 System information management. 

 User side message validation. 

 Logical O and M of Node B 

 Traffic management of common channels. 

 Traffic management of dedicated channels. 

 The management of timing and synchronization. 

 Link status and remote processor status management [18]. 

2.5.4 Uu Interface 

The Uu interface is responsible of interconnection between RNC and the user terminal via Node 

B. It is provided as the integration of RRC, RLC/MAC and Iub framing protocol. The salient 

features of the Uu interface are as following. 

 

 Configuration and reconfiguration of RLC/MAC according to RNC (RCC) application. 

 Handling of radio bearer management and transaction management. 

 Responsible of security management and paging. 

 Upper layer and acknowledgement mode data transfer. 

 Access for dedicated transport channels. 

 TFC selection and priority handling. 

 Access for common and shared transport channels and scheduling on common channels 

[18]. 

2.6 WCDMA Physical Layer 

Code Division Multiple Access (CDMA) supports FDMA / TDMA also make it more flexible 

for the users with different data rates and privacy. But CDMA systems are interference limited 

due to greater no of users.  
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The IMT-2000 focused on WCMA as a real 3
rd

 generation technology. WCDMA exists in two 

different modes FDD and TDD. The FDD is only used soft hand over. WCDMA also called 

UTRA FDD. WCDMA includes the following important features. 

 
 Spread Spectrum Systems 

 Duplex Method 

 Power Control 

 Multi Path Diversity 

 Network Capacity 

  UMTS Channels 

 UE Cell States 

 Cell Structure 

2.6.1 Spread Spectrum Systems 

Due to large amount of bandwidth utilization CDMA systems are called spread spectrum where 

as TDMA and FDMA uses same frequency band simultaneously. Frequency Hopping (FH) and 

Direct Sequence (DS) are used in spectrum spread. DS and FH are both best technologies but DS 

has some advantages over FH. While using for broad band technology about 2 GHz. So CDMA 

technique is used for WCDMA layer in UMTS [33]. WCDMA operates over 1 MHz bandwidth 

where as current system using up to 5 MHz in WCDMA data is encoded twice before 

modulating and transmitting. At first data is multiplied with channel code belonging to 

Orthogonal Variable Spreading Factor (OVSF) family. To separate the data and control channels 

from user terminal during Uplink this code is very important. OVSF can also be used with 

different lengths. The second coding step used is called scrambling. In scrambling according to 

certain pattern bit order is rearranged without increasing the bandwidth.  In scrambling each code 

is of length 10 ms with code length of 38400 chips [25]. 
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The scrambling and spreading in WCDMA air interface is depicted in the following figure. 

 

 

Figure 2.9: Spreading and Scrambling [25] 

 

2.6.2 Duplex Method 

WCDMA uses two duplex methods FDD and TDD. FDD require paired frequency band in DL 

and UL where as TDD uses unpaired band. A collision between the transmit and receive slots 

arises during the propagation delays does not supported by TDD. There is an advantage of TDD 

because it a large number of uplink and downlink data rate are possible. To avoid interference 

between FDD and TDD during network planning a care should be taken. Especially around 1920 

MHz frequency band [34]. 

2.6.3 Power Control   

In WCDMA the thing which is highly required are power control algorithms. For mobile 

terminals operating at same frequency equalizing the received power is very necessary to 

overcome near far effects. For WCDMA three power control algorithm used. 

2.6.3.1 Open loop power control 

Open loop power control is UE characteristic for setting up suitable power according to receiver. 

In this method the measurements of path are gathered to setup uplink transmission power. Open 

loop power control has tolerance level from ± 9dB to ± 12dB [31].   
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2.6.3.2 Closed loop power control 

 
Closed loop power control algorithm is used to handle uplink near far effect. In WCDMA 1.5 

KHz frequency is used for fading and time slot. The purpose of closed loop power control is 

equalizing received power of mobile station (MS) all the time. The fading patterns for uplink and 

down link channels of FDD are not correlated each other due to large frequency separation 

between the bands [14, 25].  

2.6.3.3 Outer loop power control 

The main objective of this power control is quality of communication without wasting the 

resources. It uses as low power it possible within the frequency interval of 10 to 100 Hz. This 

method has a disadvantage that when MS reached maximum transmission power the SIR 

gradually increased which can be handled by defining threshold for SIR target [14].       

2.6.4 Multi Path Diversity 

In the wireless transmission system multi path diversity creates many problems. In WCDMA 

multi path diversity is used which is also called fingers. The energy of different signal 

component can be split and time delay can be set according to quality of service. This is called 

maximum ratio combining (MRC). By combining different channels the effect of fading can be 

reduced by using this method [14]. 

2.6.5 Network Capacity 

In a UMTS system every new user creates an additional interference to the existing users. So 

system load increases.  The main capacity limiting mechanism is the noise due to load which 

depends upon available number of codes. In capacity of CDMA network cells shrink due to load 

and by surrounding cells with low interference. This phenomenon is called soft capacity in case 

of soft handover [14].  

2.6.6 UMTS channel 

In UMTS UTRA FDD have the logical channels associated with transport channel and then to 

physical channels. The mapping of different UTRA channels is shown by the figure below [14, 

25]. 
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Figure 2.10 Mapping of UTRA Channels [25] 

 

2.6.7 Cell States 

UE has two modes, either idle mode or connected mode. The idle mode is called camping on a 

cell. UE switches to connected mode via RCC connection. There four RRC states for UE in 

UTRA  

 Cell DCH  

 Cell FACH 

 Cell PCH 

 URA PCH 

2.6.8 Cell Structure 

UMTS system has different coverage design. Indoor, outdoor urban, outdoor rural also for 

pedestrian up to high vehicular speed. A hierarchical structure of zones was developed for 

UMTS to get worldwide coverage and global roaming. Upper layer zone consist satellites and 

lower form terrestrial radio access network UTRAN. Each layer consist of cells, Lower the layer 

smaller will be the cell. Macro cell cover wide area where as micro and Pico cells increase the 

capacity [14, 35]. 
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2.7 Feasibility of UMTS  

UMTS is quite feasible in upcoming years because it is the evolved shape of the previous 

standards and features with new technologies and interfaces. Also it is acceptable for the 

operators and vendors using older versions and technologies. There is three type of feasibility. 

2.7.1 Technical Feasibility 

UMTS is technically feasible because it uses CDMA, WCDMA, and also latest technologies like 

FDD, TDD, and HSPA will be compatible with evolving technologies OFDM, MBMS and LTE. 

2.7.2 Economical Feasibility 

UMTS is also economical feasible due to the support of high data rates and low latency with low 

cost. 

2.7.3 Operational Feasibility 

UMTS is also operational because it uses most of the infra structure and technologies used by 

older standards. So it is easy for operators and vendors to adapt it and also upgrade their system 

to provide better services to users.   

2.8 Future Perspective of UMTS 

In the cellular mobile communication system the key feature of 3G is the enhancement of UMTS 

network capacity via macro, micro and pico cells. The evolution of UMTS system is getting 

more interest in research communities of wireless networks. UMTS is not limited to UTRA, 

FDD and TDD [21]. The objective of research work is to create suitable situations for each 

environment for enhanced UMTS FDD and TDD to provide broad band services of multicast 

broad cast with flexibility and efficiency [20].  

In the first phase IP Multimedia Subsystems (IMS), wideband AMR, OSA enhancement, Global 

Text Telephony, Location Service Management etc. are the characteristics described in UMTS 

release 5 for efficient HSDPA, Intelligent Antenna (IA) and IP-RAN. Due to HSDPA, UMTS 

can offer high throughput peak data rate up to 14 Mbps [22].  

In the second phase service ability and UL spectral efficiency is emphasized in the evolution of 

UMTS. For multimedia services like replays in matches to all user over radio bearer is focused 

by Multimedia Broadcast Multicast Services (MBMS) [23]. 

2.8.1 HSDPA      

High Speed Downlink Packet Access (HSDPA) published in release5 of 3GPP was the first step 

of evolution of WCDMA radio access. As packet data transmission is already supported by 
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WCDMA but HSDPA enhances it. The enhanced uplink is known as HSPA. HSDPA supports 

shared channel and reduces delay and improve tracking In HSDPA rate control is applied 

dynamically setting the channel coding as well as modulation[5]. 

2.8.1.1  HSDPA Architecture    

As we know that HSDPA depend on variation of radio conditions. So it is needed to place close 

to radio interface that is node B. At the same time HSDPA maintains the functional split between 

layers and nodes as for as possible. HSDPA introduces Mac sub layer in node B which is 

responsible for scheduling rate control and ARQ operation. each user in HSDPA will receive  

HS- DSCH transmission from one cell which is serving cell and responsible for scheduling [5]. 

2.8.2 MBMS 

The cellular system mostly transmit data for a single user not on broadcast services where as 

broadcast networks focused on covering large areas but Multimedia Broadcast and Multicast 

Services (MBMS) introduced by WCDMA offers multicast, Broadcast, Unicast transmission 

services in a single cellular network. MBMS service area covers multiple cells and same content 

is transmitted to multiple users in a specific area. MBMS describes different scenarios of 

broadcast and multicast. 

 In broadcast a point to multi point radio network is setup in each cell of MBMS. 

 In multicast user request to join a multicast group before receiving data each cell may 

be configured point to point and point to multipoint [5]. 

2.8.3 LTE 

Long Term Evolution (LTE) is parallel radio access technology to HSPA by 3GPP. LTE 

supports new packet data capabilities developed by System Architecture Evolution (SAE). In 

LTE 3GPP set high level of requirements such as new high speed radio access method in UMTS. 

Particularly cellular broadband like WIMAX. LTE is new radio access technology called 

Evolved UMTS Terrestrial Radio Access (E-UTRAN). User throughput, latency, mobility and 

Sector capacity will be improved by LTE. Despite the other new technologies like HSPA, LTE 

supports Enhanced Packet Core (EPC) Architecture. LTE also offers IP-based voice video 

services end to end QoS .  

To meet all these targets LTE physical Layer uses advanced technologies like Orthogonal 

Frequency Division Multiple Access (OFDMA) and multiple inputs and multiple outputs. LTE 

has also support from the Ericsson, Qualcomm Alcatel and Lucent. LTE will dominate the 

world‟s telecommunication sector at the end this decade [5, 24].   

The main objective of LTE 
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 Increased data rates 

 Reduce cost  

 Low latency 

 Simple architecture 

 Flexibility in frequency using 

 Online gaming 

 Voice over IP 

 Video conferencing 
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CHAPTER 3: UMTS HANDOVER 
 

3.1 Overview 

 
Handovers is the basic criteria of mobility of the user in cellular networks.  The UMTS handover 

is to provide the link of mobile services to a user moving over cell boundaries in a cellular 

communication network. During an ongoing communication of a user when the user crosses the 

cell boundary it is better to use the radio resources of the new cell also called the target cell 

because the strength of signal in the preceding cell is weaker than the next one that is the target-

cell. Now the whole process of the terminating of connection of user from previous cell and 

establishing the new connection to target cell is called handover [25]. 

 

In other words handover can be defined as the transformation of user connection from one radio 

channel to another radio channel. This definition was composed before the launch of UMTS. 

After this, new definition was composed by adding the new concepts to the older ones. The main 

purpose of handover is to maintain the ongoing call of user during its mobility because the 

mobility of the user may be in high speed. In this situation sometimes the call may drop. Also in 

the case of multiple users with ongoing calls changing the cell area the network needs to change 

the frequency of an ongoing call. Also there will be a chance user enters an area where the 

UMTS network coverage ends and the user is required to hand over to a GSM/GPRS network 

[26]. 

 

The attitude of cellular network to perform efficient handovers is vital to offer signal-services as 

real time applications or streaming media as planned in third generation networks. The number 

of handover failure in which the handover procedure cannot be completed has to further 

minimize the previous generation cellular-communication system as GSM. The cause for 

handover failure range from signaling to the lack of resources in the target cell makes impossible 

for a new user to be considered. 

 

In the network of high-performance there is a tendency the use of smaller cells in order to 

increase the capacity-The handover process is more important as more efficient handover is 

required. An efficient algorithm of handover can be implemented with resource and user location 

management. Resource management means way to establish release, continue, and manage 

connections in the radio access layer. In UMTS systems the Radio Resource Control (RRC) 

protocols implement the control signaling between UE and UTRAN-.User location management- 

means the way of the UEs location.  

This Information is saved in the functional entities in the core-network [25]. 

 

3.2 Challenges in UMTS Handover 
Now days the wireless communication demand has increased tremendously. So to fulfill this 

demand cell sizes of the network have to decrease which results in to problems during handover. 

Now using micro cells networks in Personal Communication Service (PCS) environment the 

major challenges in case of Handover are the following   

 

 The blocking probability of new calls during a handover. 
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 To increase the capacity of the network or in other words reduction of the infrastructure 

of the network. 

 To improve the quality of service either to minimize the delay and interference. 

3.3 Handover Initiation 
 

Handover is an important part of mobility management in a cellular system especially it is very 

crucial in UMTS network using micro cells.   Handover can be initiated in three ways. 

3.3.1 Mobile initiated 
 

The mobile measures the quality and it switch to the best base station in the network. This 

procedure is done due the poor link quality measured by mobile. 

 

3.3.2 Mobile assisted 
 

In this case the network and mobile both make measurements and mobile reports the nearby BS 

results. 

3.3.3 Network Initiated 
 

In this case RNC gets information from the measurements of BS and decide whether to handover 

or not. This handover is done by Traffic Reason Handover (TRHO). It is a load based algorithm 

which changes handover threshold.   

3.3.4 Network Assisted 
 

In network assisted handover only networks makes measurements and report to MS.   

 

3.4 Handover Requirements 
 

There are four possible situations when handover is required to a user. 

 

 When UE moves from one cell to another cell 

 In overlapping area of adjacent cells 

 UE experiencing interference from adjacent cell 

 Fast motion of UE 

3.5 Handover Types 
 

There are different types of handovers in UMTS. 

 Horizontal Handover 

 Vertical Handover 

 Intra Cell Handover 

 Hard Handover 

 Soft Handover 

 Softer Handover 
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3.5.1 Horizontal Handover 
 

The term Horizontal Handover means the process of transferring an ongoing call or data session 

from one channel connected to the core network to another channel. In other words when UE 

moves between two cells using same technology then handover is said to be horizontal. 

 

3.5.2 Vertical handover  
 

Vertical Handover is defined as the changing of access technology of a network node in 

connection establishing during mobility. 

 

Let us consider the example of vertical handover in laptop that uses both technologies for 

internet access, high speed wireless LAN and cellular technology. Laptop user uses the wireless 

LAN connection due to higher speed other than cellular connection. In case of mobility the type 

of connectivity or technology is changed then vertical handover occurs. Vertical handover 

involves the automatic switching of the access technology. The data link layer technology to 

access the network is changed during vertical Handover between the UMTS and wireless LAN. 

In the vertical Handover between the WLAN and UMTS two interworking architectures are 

used. 

   

 Loose coupling 

 Tight coupling 

Private users use loose coupling scheme when the Cellular network operator is not using WLAN 

so data transmitted by the WLAN will not go through cellular network. 

Tight-coupling scheme adopted by the 3GPP, launches two elements Wireless Access Gateway 

(WAG), Packet Data Gateway (PDG).WLAN transfers the data to the node on the internet must 

go through UMTS core network [27,24].  

3.5.3 Intra cell Handover 
 

In the intra cell handover cell is not changed. Source and target lies in the same cell, during the 

handover process only channel is changed .The purpose of intra cell handover is to change the 

channel, which may be interfered, or fading with a new clearer or less fading channel [27]. 

 

3.5.4 Inter system Handover 
 

Now for the compatibility between two different network systems with different architectures 

these handovers are used. Specially during the rolling out of UMTS network inter system 

handovers between UTRAN and GSM will be used. Since WCDMA networks did not coverage 

in many rural areas in the beginning so GSM was still used in those areas. Later 3GPP release 

offered handover to GSM networks. 

http://en.wikipedia.org/wiki/Data_link_layer
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The signaling process of handover of a UMTS user to GSM is given by figure bellow [25]. 

 

 

 

   
                        

Figure 3.1: Handover from UTRAN to GSM [25] 

 

During the switching of connection to other system a frequency measurer is needed to measure 

the frequency of the other system. If the full transceiver is not present transmission will be halted 

for some time this is called compression mode. During this compression data is not lost and 

frequency is measured. As FDD and TDD operate on different frequencies so these handover 

uses also compressed mode as shown in figure below. 

 

 

                      
                   

Figure 3.2: Compressed mode [28] 
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3.5.5 Hard Handover 
 

Hard handover is the type of handover where the old connection is break before the new one is 

established between user and radio network. Hard handover is known as the break before the 

make. 

 

This type of handover is used in the GSM cellular systems where each cell was assigned a 

different frequency. When a user want to establish a new call first the old one will be 

disconnected before the new connection established at different frequency in the desired cell. 

The hard handover uses simple algorithm. When the strength of signal in new cell is greater than 

that of previous cell then hard handover is used by mobile station with a given threshold. Due to 

change of radio frequency band the UE and UTRAN use hard handover In UMTS. During the 

process for allocation of frequency for UMTS, it has been planned that each UMTS operator will 

have the opportunity to maintain additional band to improve the capacity when optimistic usage 

level will be reached. In this case a number of bands about 5MHz will be in use by one operator 

for the need for handovers between them. Hard handovers are also applied to change the cell on 

the same frequency when no network support of macro diversity exists. When a UE with a 

dedicated channel allocated roam into a new cell of a UMTS network hard handover is chosen 

when soft and softer handover is impossible [25].  

 

A third case of hard handovers are called inter mode handovers. This allows for changes between 

the FDD and TDD modes. This handover type is also called the inter system handovers as the 

measuring methods used are similar to WCDMA-GSM handovers. In the technical point of view 

these inter system handovers can be considered as a type of hard handovers. 

 

In the GSM network when user enters in the new cell sometimes high blocking probabilities are 

present during hard handover. This probability can be reduced by giving preference to handover 

users over new users by reserving a certain part of the network resources in each cell for users 

with ongoing communication. On the other hand this gives a less efficient use of the network 

resources of the cellular systems or higher blocking probabilities for new users. These 

considerations and other CDMA specific arguments have lead to the choice of additional 

handover types to coexist in the WCDMA access networks [25].  

 

Advantages 

 

 In the hard handover one call uses only one channel at any instant of the time.  

 In the hard handover the phone hardware does not require to accomplish to receive two or 

more parallel channels. 
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Disadvantages 

 

 The main disadvantage of the hard handover is the call may be terminated during the 

handover process. 

  

3.5.6 Soft Handover 

 
Soft Handover is that in which channel in the source cell is retained and used for a while in 

parallel with the channel in the target cell. In this scenario before the connection to the source is 

broken the connection to the target is made. This handover is called make before break. 

 

UMTS uses the CDMA technology. In the CDMA every cell has a same frequency and the 

mobile device can communicate the multiple cells at the same time, in the soft handover two 

parallel connections is established between the cells [24,27]. 

 

Advantages 

 

 In the Soft handover source cell connection is broken when the reliable connection is 

established with the target cell. 

 In the Soft handover in multiple cells channels are at the same time maintained, when the 

channels are interfered then call could be fail.   

Disadvantages 

 

 More complex hardware will be needed in order to continue the processing in several 

parallel channels.  

 In soft handover in single call several parallel channels are used [27]. 
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Figure 3.3: Soft handover 

3.5.7 Softer Handover 

 
The softer handover is a special type of soft handover in which all the radio links belong to same 

Node B that is the coverage area of correlated base stations from which several cells can be 

served. In softer handover Node B utilizes the maximum ratio combining of macro diversity also 

down link macro diversity with selection combining. 

In other words softer handover is not a real handover. In this case to improve the reception 

quality UE adds more than one radio link [29]. 

 

                                 
Figure 3.4: Softer handover [26,30] 
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3.6 Causes of UMTS Handover 

 
 The first cause in the UMTS handover is due to the movement of the user one cell to 

another cell. 

 System load-control. 

 Less Power Emission 

 Interference [29] 

 

3.7 Objectives of Handover 
 

Handover can be described in the following ways. 

 

 During the mobility of user across the boundaries of cellular network the guarantee of the 

network service continuity. 

 To maintain the required quality of service. 

 The roaming between different networks. 

 Load balancing between the cells. 

 To keep connected the mobiles with strong base stations to reduce interference level. 

 

3.8 Handover Procedure 
 

The efficient and feasible solution of handover is the soft handover as described in the 3GPP 

standard TR 25.922 specifications. There are two main functions contributing soft handover in 

UMTS as listed below. 

 

 To acquire and process the measurements 

 T execute the handover algorithm 

 

 Some terms have to be defined before starting measurements in handover process. 

  

 Set: list of cells. 

 Active set: list of cells having connection with mobile station. 

 Monitored cell: list of neighboring cells whose signal strength is not so 

strong to be added to active set [14,36]. 

 

The handover procedure has three stages. 

 measurement 

 decision  

 execution 
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Figure 3.5: Handover Procedure 

 

 

3.8.1 Measurement 

 
In measurement phase the downlink measurement calculated by mobile is Ec /I

2
o of common pilot 

channel of serving and neighboring cells. In WCDMA relative timing between the cells is 

required to measure. For adjustment of transmission timing to permit coherent combining. 

 

3.8.2 Decision 

 
The measurement results are compared with predefined values in decision phase. Then it is 

decided whether handover or not. There are different triggers in handover algorithms.   

 

3.8.3 Execution 
 

In this phase the Mobile Station starts or leaves the soft handover process, a new base station is 

either added or left, the power of each channel is adjusted and active set is updated during the 

soft handover process [37]. 
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3.9 Handover Strategies 
Different Handover strategies can be used to solve the handover problems. The selection of 

particular strategy depends upon user quality of service and network operating cost. Each 

strategy can be applied with Fixed Channel Allocation (FCA) or with any other channel 

allocation such as Dynamic Channel Allocation (DCA). The strategies are 

 

 Non Prioritized  Strategy 

 Prioritized or Reserved Channel Strategy 

 FIFO  Priority  Strategy 

 Measurement based Priority Strategy 

 Sub rating Strategy [47]. 

However implementation of handover strategy is a tradeoff because some strategies improve the 

incomplete call rate whereas increase the blocking probability of new calls. So far in this report 

we will discuss only those strategies which can decrease the blocking probabilities of new calls. 

Channel barrowing is also used to minimize blocking probability.  

 

In Dynamic Channel Allocation (DCA) a borrowing strategy known as Compact Pattern With 

Maximized Channel Borrowing (CPMCB) is used to decrease Blocking probability (pb) of new 

callas and probability of handover failure (ph). 

 

Hence in this report Non Prioritized Strategy (NPS) and Prioritized Strategy that is Reserved 

Channel Strategy (RCS) both are discussed. Also these are used in enhanced version of PCMCB 

to control forced termination probability (pft) of a call. 

 

3.9.1 Non Prioritized Strategy (NPS).    
  

In Non Prioritized handover Strategy to calculate the probability of new calls in a cell we use 

Poisson process denoted by λσ and handover process denoted by λhi and the time period  though 

which mobile remains in the cells coverage area called dwell time denoted by tm mean of 

probability distribution function denoted  1/η and mean of exponential distribution is denoted by 

1/µ .  

 

The blocking probability of handover  using non prioritized handover strategy can be processed 

with (s+1) states where s represents the available channels  as long as they are idle. Therefore     

0 ≤ j < s can catch the next ideal channel. Let pj is equeliberium probability of j busy server then 

transition rate from pj state to pj+1 is  

 

λσ + λhi 

and transition rate from state pj+1 to pj  

 

(j+1)(µ+η) 
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We assume that the channels s are busy then the new call will be blocked and the call on 

handover will be terminated and handover failure is occurred. Now in case of steady state the 

probability pj can be calculated as  

 

Pj =[{(λ0 + λhi) / µ + η} / j!] * (p0)       (1) 

 

In case of normalization  

 

 𝑝𝑗 = 1𝑠
𝑗=0           (2) 

 

 

Pj  = [{(λ0 + λhi) / µ + η} / j!]
j  /  [{(λ0 +  λhi) / µ +  η} / k!]𝑠

𝑘=0
k
   (3) 

 

 

Now the formula for blocking probability when j =  s is calculated as   

 

 

Pb = Ps  = [{(λ0 + λhi) / µ + η} / s!]
s  /  [{(λ0 +  λhi) / µ +  η} / k!]𝑠

𝑘=0
k
  (4) 

 

 

This is formula for blocking probability of new calls. Here in this case it is noted that blocking 

probability and handover failure probability are same. 

 

Ph = pb 

 

3.9.2 Reserved Channel Strategy  
 

In reserved channel strategy some channels are specified for handover arrival calls. Suppose the 

specified channels are represented by ch then the number of idle channels denoted by n can be 

given as    

  

n = s - ch 

 

 

So the phenomenon of forced termination will be occurred when number of busy channels is 

equal to the total number channels s.  

 

The reserved channel strategy is also processed with s + 1 states by Morkov process with a little 

change in system behavior producing the two possibilities when the number of busy channels is 

less than n and when number of busy channel more than n but less than s.  

 

 

 

Let pj is equilibrium probability with j busy channel then 0 ≤ j < n , now transition rate from pj to 

pj +1  is given by 
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λσ + λhi 

and transition rate from state pj+1 to pj  

 

(j+1)(µ+η) 

When there are n busy channels in the cell then new call will be blocked and the handover arrival 

is occurred. Now in case of steady state probability  pj can be calculated as  

  
 

Pj =[{(λ0 + λhi) / µ + η} / j!] * (p0) 0 ≤ j < n     (5)  

   

 

Similarly  

 

Pj =[(λhi)
j –n 

 (λσ + λhi) 
n 
/ (µ + η)

j
  j!] * (p0) n ≤ j < s    (6) 

 

 

Now we can calculate easily the probability  p0  

 

 

P0  = [  {(λ0 +  λhi) / µ +  η} / j!𝑛
𝑗=0 +  𝑠

𝑗=𝑛+1 (λhi)
j –n 

 (λσ + λhi) 
n 
/ (µ + η)

j
  j!]

-1
 (7) 

 

 

Hence the blocking probability of new calls and handover failure probability is given as  

 
 

Pb =  𝑝𝑗𝑠
𝑗=𝑛           (8) 

  
Here in this case it is noted that blocking probability and handover failure probability are same. 

 

Ph = pb 

 

There for the blocking probability with in a cell k represented by pb  (k) and  the probability to 

accomudate the new call initiation with in cell k denoted by s (k)is given as 

 

 

S(k)  =  {1- pb (k)}/(1- pbT)        (9) 

 

Where  

 

PbT  = {  𝑝𝑏(𝑘)𝑁
𝑘=1 } / N        (10) 

 

 

Where  N is total number cells in the network. now in a case when a call is connected in cell k 

then the probability of this call to has handover into adjacent cell I is successfully accommodated 

can be calculated as  
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α(k) = η/(µ + η) [ 𝑞(𝑘, 𝑖)(1 − 𝑝ℎ 𝑖 )6
𝑖=1 ]      (11) 

 

where q(k, i) represents the probability of handover departure in cell k and ph (i) is the handover 

failure in cell i. 

 

Now if call is attended in cell k and make handover attempt to cell i then probability of access 

denied from cell i is given as.  

 

b(k) = η/(µ + η)  𝑞(𝑘, 𝑖)(𝑝ℎ 𝑖 )6
𝑖=1        (12) 

 

Now after n attempts of handover the probability of n successful handovers is calculated as  

 

E(k) = b(k) + a(k)b(k) +a
2 

(k) b(k)+ a
3
(k)b(k)+……………………..  (13) 

 

E (k) = b(k)/{1- a(k)} [49]        (14) 

 

Now putting the value of a(k) we get the probability of forced termination of a call pft is given as  

 

Pft (k) =  S(k)E(k) = ηβ(k){1-pb (k)}/(1- pbT)(µ+η-ηα(k)) [48]   (15) 

Where  

 

α(k) =  𝑞(𝑘, 𝑖)(1 − 𝑝ℎ 𝑖 )6
𝑖=1        (16) 

 

and  

 

β(k) =  𝑞(𝑘, 𝑖)(𝑝ℎ 𝑖 )6
𝑖=1         (17) 

 

Now in case of exponential distribution function fm(t) the probability that call does not complete 

pnc 1 is given as  

 

 

Pnc (k) = 1- [{1- pb(k)}/ {1 +  ηph(k) / µ}]      (18) 

 

In case of any traffic shape if the probability are calculated then handover departure rate of cell k  

denoted by λhσ (k) can be found. So we assume the probability that a user can make a handover in 

cell k is given as   

 

c(k) = η / µ+η          (19) 

 

Now again the probability D(k) that a call makes a handover in cell k  after the successful 

handovers ranging from 0, 1,2,3…………………………………………………………n is given 

as  

 

D(k) = c/1-α(k)         (20) 
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Here putting the value of c we get 

 

D(k) = η / {µ + η – ηα(k)}        (21) 

 

Now the handover departure in cell k can be written as 

 

λhσ (k) = {1 – pb(k) } D(k)λσ(k)       (22) 

 

now putting the values of  D(k) and λσ(k) in above equation then we get 

 

λhσ (k) = [{1 – pb(k) } ηλσ(k)] / {µ + η – η}  𝑞(𝑘, 𝑖)(1 − 𝑝ℎ 𝑖 )6
𝑖=1   (23) 

 

When the handover departure rate cell k is calculated then the handover arrival rate in the 

neighboring cell i can be found as 

 

λhi (k) =  𝑞(𝑘, 𝑖)  𝜆𝜎 𝑖 6
𝑖=1         (24) 

 

suppose that the probability of user to exit from the cell by each side will be  

 

q(k,i) = 1/6          (25) 

 

Then the above equation becomes  

 

λhi (k) =  1/6  𝜆𝜎 𝑖 6
𝑖=1         (26) 

 

Now in case of  uniform traffic in all the cells we have   

 

λhσ (k)= λhi (k)           

 

pb (k) = pbT = pb          

similarly  

 

S(k) = S  &  ph(i) = Ph        

  

Now putting these values above equation becomes 

  

α   =  {η/(µ + η)}  (1 − 𝑝ℎ)        (27) 

 

 

b  = ph η/(µ + η)          (28) 

 

E = ηph / (µ + ηph)          (29) 

 

pfT = 1/{(µ/ηph)+ 1}         (30) 
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Now two cases arise, in first case the pft will be very small when µ is much greater than η i.e 

calls end befor the mobile leaves the cell and in the second case if η is increased then probability 

of forced termination of the call increases. 

Now in the  case of any traffic pattern we can use the iterative technique to find the values of the 

parameters pb, ph, pft, pnc and can simulate them to analyze their performance. The technique has 

the following steps. 

 

Inputs    =  s, n, µ, η, and λσ(k) 

 

Outptus = pb, ph, pft and  pnc 

Step0=  λhσ(k) = 0.2* λσ(k) ,δ =1  

 

Step1=  if |δ| < 0.0001 for all k then go to step 4 and calculate the forced termination probability 

 pft  of the ongoing call and call not complete probability  pnc 

 

Step2= calculate pσ (k) and pj (k),calculate the blocking probability and handover failure 

 probability pb (k) , ph (k)  

 

Step3= find the new value of λhσ(k) according to the equation  (23) and also value of λhi(k) 

 according to equation (26). suppose the difference between the old and new value of 

 λhσ(k) is δ then shift to step 1  

 

Step4= Find the force termination probability pft by equation 15 and pnc by equation  18 [47]. 

 

3.10 Simulation Results 
 

For simulation results we have used matlab. In figure 3.6 we have simulated two strategies Non 

Prioritized Strategy (NPS) and Reserved Channel Strategy (RCS) with combination of Fixed 

Channel Allocation (FCA). Also Compact Pattern with Maximum Channel Borrowing (CPMCB) 

Scheme in Dynamic Channel Allocation (DCA) is used. Offered traffic load in Erlangs / cell is 

taken along horizontal axis and Blocking probability vertical axis.  We set the blocking 

probability parameter 1/η = 1/µ = 3 min with uniform traffic.  

 

The red line in graph represents the NPS which shows minimum blocking probability with 

increase in load as compared to the others shown by green and red line respectively.    

 

The simulation results are plotted with 97% confidence interval. For uniform traffic Non 

Prioritized Strategy (NPS) with fixed Channel Allocation Scheme (FCA) gives the minimum 

value of blocking probability as shown in figure 3.5(a). 
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Figure :3.5a  Blocking Probability  

 

 

 
Figure :3.5b Handover failure probability 

 

The figure 3.7 shows the probability of handover failure in a cell. Offered traffic load in 

Erlangs/cell is taken along horizontal axis and handover failure probability along vertical axis.  

We set the handover failure probability parameter 1/η = 1/µ = 3 min with uniform traffic. 

Here we see that handover failure probability increases with Fixed Channel Allocation (FCA). 

Where as CPMCB strategy with NPS  gives a balance between pb and ph.  
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The figure 3.8 shows the probability of forced termination in a cell. Offered traffic load in 

Erlangs/cell is taken along horizontal axis and forced termination probability along vertical axis.  

We set the forced termination parameter 1/η = 1/µ = 3 min with uniform traffic. 

Here force termination probability with NPS is greater than reserved channel strategy because pft 

and ph are strictly connected each other and have the same performance with Fixed Channel 

Allocation (FCA). Therefore CPMCB pattern with NPS is also reliable fo pft. 

 

 
 

Figure : 3.5c  forced termination probability 

 
Figure : 3.5d call not complete probability 
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The figure 3.9 shows the probability of handover that call is not complete in a cell. Offered 

traffic load in Erlangs/cell is taken along horizontal axis and forced termination probability along 

vertical axis.  We set the call is not complete probability parameter 1/η = 1/µ = 3 min with 

uniform traffic. 

 

Here we see also that NPS with CPMCB gives better performance in terms of pnc. The pnc shows 

overall specifications of user quality of service so CPMCB offers lower pnc as compared to FCA 

in small and reasonable traffic loads but in high traffic fading occurs. 

     

Also in case of mobility the combination of  NPS with CPMCB  the slope of  curve of blocking 

probability pb  in 60 – 30 seconds dwell time is similar. Therefore this combination of NPS 

CPMCB reduces pb very fast with increase of mobility as compared with FCA.  

 

Hence as a solution in case of uniform traffic the NPS strategy with CPMCB gives enhanced 

performance. Also it can be implemented in modified non uniform traffic [47]. 
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3.11 Soft Handover Principles 

 

Soft Handover (SHO) was launched by CDMA and used in WCDMA. SHO is relative most 

feasible and beneficial due to some advantages. In traditional Hard Handover a definite decision 

is made on whether handover or not where are in SHO conditional decision is made depending 

upon signal strength of two or more base stations. In SHO MS communicates simultaneously 

with all base stations in active set. In SHO as shown in figure 3.5. 

                                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In case SHO before (pilot Ec/Io)2 goes ahead of (pilot  Ec/Io)1  SHO condition is satisfied and 

MS  connects BS2 before BS1 is dropped. SHO process is different for different transmission 

directions. In case of uplink MS transmits signals from antenna. Two base stations in active set 

both receive the signal at the same time. The signal passes through RNC for better frame 

selection.  

 

In down link same signals are transmitted from both base stations. So MS combine the signals 

from both base stations. In combining the signals maximum ratio strategy is used to get macro 

diversity. However in case of downlink at least one extra channel supports SHO. The 

performance of SHO depends upon tradeoff between macro diversity gain and extra resource 

consumption [37].    
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3.12 Soft Handover Algorithm 

 

The Soft Handover performance depends upon algorithm figure shows SHO algorithm also 

called CDMA1 algorithm. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

1. Pilot Ec/Io becomes greater than T_ADD, mobile sends PSMM and shifts pilot to 

candidate set. 

2. BS sends HDM. 

3. Mobile shifts pilot to active set and send HCM. 

4. Pilot Ec/Io becomes lesser than T_ADD, mobile starts handover drop timer. 

5. Handover drop timer expires and mobile sends PSMM. 

6. BS sends HDM. 

7. Mobile shift pilot to active set to neighbour and send HCM [37, 38]. 

 

The received pilot Ec/Io is threshold for handover and easy to implement but difficult in dynamic 

load changes.     
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In WCDMA comparatively complicated algorithm is used as shown in figure above. In the figure 

abbreviations are listed as. 

 

 AS_Th   Threshold for macro diversity. 

 AS_Th_Hyst  Hysteresis for the above threshold. 

 AS_Rep_Hyst  Replacement Hysteresis 

 AS_Max_Size  Maximum Size of Active Set. 

 ΔT   Time to Trigger. 

 

3.13 Features of SHO 
 

The elimination of “ping pong” effect as in hard handover and avoidance from data lost are the 

advantages of SHO. Besides the mobility handling SHO is implemented in CDMA due to power 

control and mechanism of interference reduction. Two scenarios are discussed in the figure 3.8 

given bellow. In the upper part of the figure only power control mechanism is implemented 

where as in the lower part power control and SHO both are applied. Suppose mobile is going 

towards BS2 the signal strength from BS2 is greater than BS1. This shows that BS2 is better than 

BS1.  
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In the upper part while moving away from BS1 the power control loop increases the signal 

strength to assure QoS where as in lower part mobile in soft handover connected with both base 

stations at the same time. The receive signals are sent forward to RNC for combining. The 

stronger frame is selected to assure quality of service. So interference during up link with in soft 

handover is less due to connection with best base station. In the down link case is more 

complicated despite the macro diversity gain and extra downlink channel support in soft 

handover. In other words the features of soft handover are composed as in the form of 

advantages and disadvantages.  

 

Advantages 
 

 Reduction of load on network signaling due to less “ping pong” effect. 

 Continuous transmission. 

 Minimum uplink interference and required Quality of service for given no of users. 

 Longer time interval to get new channel to reduce blocking and dropping probability. 

 No hysteresis margin, reduction of delay. 

 

Disadvantages  

 
 Complex implementation than hard handover. 

 More network resources are required during the downlink [37]. 

 

3.14 SHO Probability and Overhead 

 
SHO probability is defined as the network performance in terms of network capacity  or 

coverage. It is the necessary part of radio network planning. The ratio of network user in soft 

handover to total number of users, describes the probability of SHO. The main criteria of 

calculating  SHO probability is adding, dropping threshold. The soft handover probability 

depends on the soft handover window. For low values of adding dropping threshold the soft 

handover window will be smaller as compared to the large threshold values. 
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3.15 SHO Simulation Results 
 

The phenomenon of soft handover probability linked with threshold values can be represented in 

matlab simulation. The SHO threshold values are taken along the horizontal axis and SHO 

probability values are taken along vertical axis.  

 

As we increase the threshold value the SHO probability increases with large SHO window. 

Therefore in large soft handover probability more connections will be established and during the 

downlink due to a large number of users more radio resources are consumed. As a result more 

transmission power is required which produces more interference. Therefore soft handover 

criteria require more attention       

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure:3.9a relation between SHO probability and threshold graph 
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     Figure:3.9b relation between SHO probability and threshold semi logy function 

  

 

3.16 Derivation of Optimized SHO Overhead and Threshold 
 

In a real system it is impractical in the beginning to calculate required power during SHO 

algorithm implementation. Therefore it is difficult to make the decision of handover so an 

alternative method for decision is required.  

 

Since the received pilot Ec / I0 is linked to power required for downlink dedicated channel so we 

suppose that all channels are denoted by Ppilot and received pilot denoted by Ec / I0 from base 

station 1 can be given as. 

     

  
Ec / I0 = {Ppilot r1

-α 
10

σ1/10
} / {PT1(1 - a) r1

-α 
10

σ1/10  
+ 𝑃𝑀

𝑘=2 Tk rk
-α 

10
σ1/10 

}  (1) 

 

Here 

 

 PTi : total transmit power of base staions 

σ: standard deviation  

a: down link orthogonal factor 

k: index of base stations 

M: number of base stations during inter cell interference [37]. 
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if  we suppose that the total transmit power of all base stations  is same denoted by PT. Since we 

consider tiers base stations then M = 19, γ is fraction of total transmit power  therefore above 

equations becomes.    

  

 

Ec / I0 = (1- γ) / {(1-a)+  𝑀
𝑘=2 (rk/r1)

-α 
10

(σk- σ1) 
/10

 
}     (2) 

 

Similarly we can calculate the received pilot from any arbitrary base station i and j  

 

(Ec / I0)i = (1- γ) / {(1-a)+  𝑀
𝑙=1 (rl/ri)

-α 
10

(σl- σi) 
/10

 
}     (3) 

 

Where l is not equal to i.   

 
(Ec / I0)j = (1- γ) / {(1-a)+  𝑀

𝑚=1 (rm/rj)
-α 

10
(σm- σj) 

/10
 
}    (4) 

 
Where m is not equal to j. 

 

Now if we consider the perfect power control then   

 

P sl_lBS = vR / W (Eb / I0) PT [(1-a)+  𝑀
𝑘=2 (rk/r1)

-α 
10

(σk- σ1) 
/10]   (5) 

 

Comparing equation 2 & 5 

 
P sl_lBS = [ vR / W (Eb / I0) PT (1- γ)] / (Ec / I0)j     (6) 

 

Now in case of communication between user and base station BS1 the required transmit power 

for dedicated downlink channel is inversely proportional to the received pilot from that base 

station.  

 

Now in case of perfect balanced power during SHO in two way the transmitted power can be 

given as.  

 

Psi_2way = [ vR / W (Eb / I0) PT] /[{1/((1-a)+  𝑀
𝑘=2 (rk/r1)

-α 
10

(σk- σ1) 
/10)}+{1/ ((1-a)+  𝑀

𝑙=1 (rl/ri)
- 

 

α 
10

(σl- σi) 
/10

 
)]          (7) 

 

Similarly total transmit power in case of 3 ways handover can be calculated. Hence total transmit 

power in case of two way and three way handover strategy can be expressed in the form of 

equation as under 

 

 

P2t  = {2vR / W (Eb / I0) PT(1 - γ )} / { (Ec / I0)1 + (Ec / I0)i }    (8) 

 
 

P3t  = {3vR / W (Eb / I0) PT(1 - γ )} / { (Ec / I0)1 + (Ec / I0)i + (Ec / I0)j }  (9) 

 



 50 

These equations represent that if a user in soft handover then total power consumed is inversely 

proportional to the received pilot from base stations in a given active set. Therefore to increase 

downlink capacity of the network the handover decisions should be made according to downlink 

pilot channel [37].  

 

 

3.17 SHO Optimization 
 

The aim if optimization of SHO is to reduce outage probability, increasing the capacity and 

lowering the delay. Since soft handover is a part of radio resource management so it is supposed 

that in the possible gain the capacity of network can be increased by setting dynamic and static  

 

For example the SHO gain in UMTS network using Omni directional antenna with hexagonal 

cells in urban and rural areas with cell radius 2000 meters, the output power is 5 W and 20 W 

respectively. The soft handover gain as in this case can improve the coverage or capacity of the 

network. Soft handover gain is a function of static and dynamic parameters so higher the soft 

handover delay larger will be the transmission gain. If soft handover probability is increased then 

the outage probability is decreased and blocking is increased due to larger active set. Also soft 

handover probability and blocking is reduced then outage probability is increased. 

 

Hence the soft handover function offers low signal fading and diversity due to simultaneous 

connection using multiple radio links. The soft handover is efficient method for power gain in 

UMTS network [43]. 
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CHAPTER 4: LOCATION MANAGEMENT 
 

4.1 Overview  
 

Location management is a necessary part of mobile communication to assure the continuous 

network services while moving from one place to another place. In this chapter we will study the 

location management schemes for 3G cellular networks. There are two basic areas of location 

management, one static type and other is dynamic wise.  

 

In third Generation Partnership Project (3GPP) networks the location management needs more 

advancement to overcome the rapid increase of IP data traffic of packet switched services. The 

location management solution for packet switched services in UMTS has been proposed as an 

inactivity counter mechanism to reduce the cost of inactive users. To handle the calls and 

mobility features of user equipment for performance evaluation in inactivity mechanism, a model 

is developed. According to 3GPP in UMTS terrestrial networks the cost reduction by proposed 

mechanism is analyzed with compression existing original location method used in packet 

switched services. In this way the affects of system parameter and user mobility in case of 

location management can be analyzed [44]. 

 

4.2. Location Management Schemes 
 

In Universal Mobile Telecommunication Systems (UMTS) location management consists of two 

main fields 

 

 Location Update 

 Call Delivery (paging)  

 

The location update procedure maintains location database for example Home Location Register   

(HLR) and Serving GPRS Support Node (SGSN) where as paging procedure find the user 

equipment according to information  given by HLR and SGSN during the initiation of call [45]. 

 

In UMTS different location updating and call delivery (paging) schemes are developed to 

minimize the cost in cellular networks but still it is a challenge for future UMTS networks. To 

activate the network services in a packet switched domain the information about the location of 

UE is necessary which is stored in Location Register (LR) and further LR is dealt by four 

different factors  

 

 Home Location Register (HLR) 

 Visitor  Location  Register (VLR) 

 Serving GPRS Support Node( SGSN) 
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 Gateway GPRS Support Node (GGSN) 

 

 

  In UMTS three level of location management schemes are present.  

 

 Location Management at cell level. 

 Location Management at UTRAN level. 

 Location Management at routing level.  

4.2.1 Location Management at Cell Level 
 

In packet switched service domain to reduce the net cost of location management during 

communication of packet transmission the mobile station is found at cell level. Here UE is 

connected with core network for packet switched services. The user equipment start updating  

routing area with RA Identity  (RAI)  in mobility management system information changes Then 

user equipments location is found by SGSN with the assurance of RNC . 

 

4.2.2. Location Management at UTRAN Level 
 

Here Packet Mobility Management (PMM) is at idle state and user equipment start RA changes. 

So during the idle period of an ongoing communication session the mobile station is traced by 

UTRAN registration area (URA) level, because the cells are being updated frequently in radio 

connection. The goal of UTRAN is to present unique set of radio bearers in conventional voice 

traffic and burst packet traffic. Radio Resource Control (RCC) defines the position of UE in 

UTRAN. RRC has two parts. 

 

 Connected RRC 

 Idle RRC   

As shown in the figure below. 
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The UE enters RRC connected mode during the establishment of RRC connection the RRC 

modes in UTRA reflect the user equipment level and transport channel as shown in figure1. The 

UE returns to Paging Channel (PCH) level for in active stationary data users at cell level URA 

level. The UTRAN examine the connection status of UE and decides whether paging message is 

sent in URA or to particular cell.  The UE shifts to Forward Access Channel (CELL_FACH) and 

starts cell updating procedure after selecting a new UTRAN cell. Then UE returns back to 

(CELL_PCH) when no more data is to be transmitted.  

 

Now for Inactive UEs UTRAN decreases cell updating by moving them to URA_PCH state. 

UTRAN counts cell updates when they are greater than a particular limit. In URA_PCH UE is at 

URA level where its mobility depends upon URA reselection procedure. Then UE enters to new 

CELL_FACH and starts updating URA. So after updating URA it returns back to URA_PCH 

state when more data of UE and network is to be transmitted [44, 46]. 

 

4.2.3 Location Management at Routing Level 

When Mobile Station (MS) is not connected to any communication session then it is traced at 

Routing Area (RA) level. At this stage Packet Mobility Management (PMM) service is related to 

core network. Here PMM is detached and user equipment is unreachable for packet switched 

services due invalid location of SGSN. So user equipment does not start RA changes. 

 

4.3 Inactivity Counter Mechanism (ICM) in Location Management 

The proposed solution by 3GPP to minimize the location management cost of PMM-connected 

state user equipments is defined as inactivity counter mechanism. This solution can also be 

applied to minimize the location cost of PMM-idle user equipments. This mechanism operates at 

two levels core networks and UTRAN. 

 

4.3.1 ICM in Packet Switched Core Network. 
 

The user equipment shifts to PMM–idle state after terminating the connection when there is no 

packet switched communication ongoing. User equipment uses SGSN for RA updating due to 

compression of RAI contained by PMM. The CN level mechanism offers high location cost for 

inactive users. To reduce this cost ICM with a specific threshold k2 is used. In idle period user 

equipment update RA after each RA crossing the specific threshold k2. After the kth update in 

URA, user equipment update only in LA. This is more feasible relation between the RA and LA. 

For paging if UE is at normal RA then RA pages the UE. Otherwise cells of LA will page the 

UE. 
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4.3.2 ICM in UTRAN 
 

The important feature of packet service session containing a sequence of calls is shown in the 

figure below. A packet call consists of several bursting packets.  

 

 

 

 
 

 

 

In order to reduce the resource consumption inactivity counter mechanism is applied in UTRAN 

which shifts back UE from RRC-connected to CELL_PCH with in a packet call. Otherwise it 

returns to URA_PCH between two packet calls within packet session. The decision of change of 

UE from CELL_PCH and URA_PCH is made by inactivity counter mechanism. 

 

4.4 Location Update and Paging Cost for PMM-connected UEs 

We consider an example in which packet session ends at t0 and new session begins at t1 where 

time interval for session is tp= t1-t0  and tm,cell is the cell residence time p  is a distribution rate 

and 1 / m,cell is mean then location update cost per unit time at UTRAN level can be given by 

the formula.   

 

Cu,UTRAN = m,cell C`u,UTRAN 

 

Similarly paging cost per transition at UTRAN level can be given by the formula. 

 

Cp,UTRAN = m,cell C`p,UTRAN 

 
So total cost per unit time at UTRAN level can be given as  
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CT,UTRAN = Cu,UTRAN+ Cp,UTRAN  

 

4.5  Location Update and Paging Cost for PMM-idle UEs 

 

We consider an example in which packet session ends at t0 and new session begins at t1 where 

time interval for session is ts= t1-t0  and tm,RA is the RA residence time s  is a distribution rate 

and 1 / m,RA is mean then location update cost per transition at Core Network (CN) level can 

be given by the formula.   

 

Cu,PS = m,RA C`u,PS 

 

Similarly paging cost per unit time at CN level can be given by the formula. 

 

Cp,PS = m,RA C`p,PS 

 
So total cost per unit time at CN level can be given as  

 

CT,PS = Cu,UTRAN+ Cp,UTRAN  

 

Now suppose that Du,PS , Dp,PS  and DT,PS , denote the per unit time update cost and paging cost 

and total cost at CN level respectively without ICM. Then the total cost DT,PS  can be given by 

the formula [44]. 

 

DT,PS = Du,PS + Dp,PS  
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CHAPTER 5: CONCLUSION 

 
The first two chapters of this report illustrate the UMTS technology as standardized by 3GPP. In 

UMTS, CDMA and then WCDMA radio access technology is used for efficient performance of 

available bandwidth and data rates.  Also in WCDMA complicated power control and soft 

handover is used. 

 

In the 3
rd

 chapter handover technique are discussed. In UMTS cellular networks handover is 

caused by, movement of user from one cell to another cell, load control, interference and power 

emission. There are two types of handover hard handover and soft handover. 

In WCDMA macro diversity and extra resource consumption are two main opposing effects in 

soft handover. In WCDMA system soft handover is used to reduce the outage probability and 

lower the delay and increasing the capacity of the network by setting dynamic and static 

parameter in soft handover algorithm. Macro diversity improves the link level performance 

where as trade of between macro diversity and extra resource consumption handles the system 

level performance. 

 

Since Soft handover (SHO) is part of radio resource management, so in possible gain it increases 

the network capacity or coverage. Hence higher the soft handover delay larger will be the 

transmission gain. If SHO probability is increased then outage probability is decreased and 

blocking probability is reduced. 

Also in case of soft handover two main strategies NPS and RCS are discussed. According to 

simulation results NPS with CPMCB patterns gives minimum blocking probability pb, handover 

failure probability ph, forced termination pft and call not complete probability pnc as compared 

with FCA. Since pft and pnc are closely linked pb and ph. therefore with minimum blocking 

probability these two are also handled.    

 

 In downlink soft handover operates at cell selection technique to maximize the capacity. Soft 

handover is complex for implementation and require more resources during downlink. Now 

according to the complexity and increased signal strength with an extra base station the size of 

active set will be two. The SHO optimization explains that the capacity gain is closely linked to 

handover threshold. However it is analyzed that in UMTS the optimization of SHO will be used 

to reduce the outage probability, delay and increase the capacity of the network. 

 

The proposed power control scheme between the base stations in the active set minimizes the 

interference and gets advantages from macro diversity at the same time; also it improves 

downlink capacity for WCDMA systems with in soft Handover. 

 

In the 4
th

 chapter we discussed location management schemes for UMTS cellular networks to 

minimize the location update and paging costs.  For this purpose inactivity counter mechanism is 

advised. The inactivity counter mechanism (ICM) was developed by 3GPP for PMM connected 

users at UTRAN level. This mechanism applied during packet service session on PMM 

connected users where user equipment (UE) returns to PCH state on both cell level and URA 

level to obtain the maximum radio resources. In the idle state between two packet calls UE is 

traced at URA level to stay away from updating the cells for several times.  
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Similarly for PMM idle users inactivity counter mechanism is applied with the particular 

threshold k2 during packet switched UMTS core networks to minimize the location cost, as 

threshold k1 is used for no of cell updates to transfer UE to URA_PCH at UTRAN level. Now it 

is clear that according to the increment to thresholds K1 and K2 the location update costs 

increases where as paging cost decreases when threshold is 1 or 2.   

 

Hence it is concluded that in UMTS cellular network the optimized Soft Handover (SHO) is used 

to minimize the delay, interference and to maximize the capacity of  packet switched network for 

better performance and quality of service. Similarly in case of location management inactivity 

counter mechanism is used to reduce location update cost and paging cost. 

 

Future Work         
 

The future work on UMTS handover may be in two directions firstly optimization of soft hand 

over algorithm may be focused and threshold scheme may be implemented in case different 

complex situations. Also the division of users into different classes and load distribution factors 

may be considered in future. 

 

 Secondly different handover strategies may be applied to get better performance and Quality of 

service in UMTS cellular networks. More over the efficient use of in activity counter mechanism 

in case of location update cost,  paging cost and tradeoff between benefits of soft handover and 

signaling load may evaluated.
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