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ABSTRACT  

 

The need to internetwork wireless mobile telecommunication systems with 3rd 
generation mobile network 3G with high mobility and wireless local area network 
WLAN with high data rates, is important in this new age of technological 
development. In this study, scientific and technical literature were reviewed to give 
an indebt knowledge of the previous design and research made in the given area of 
study. The current methods of internetworking heterogenous networks, the mobile 
IP method, the Gateway method and the Emulator Method were analysed. A 
simulated model to evaluate the performance of the mobile IP method, the gateway 
method and the emulator method were developed. The gateway method had an 
acceptable level of handover hence was adopted and tested. The gateway method 
showed that the internetworking of 3G on wireless Local Area Network (WLAN) 
has an acceptable level of Handover. 

 

 

Keywords: internetworking, Emulator, Mobile IP, Gateway, WLAN, 3G,  

Handover 
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CHAPTER 1 

INTRODUCTION 

1.1 BACKGROUND OF THE STUDY 

Mobile telecommunication companies are rapidly deploying more resources to 

improve communication within their networks and several organisations are setting 

up wireless local area networks for several reasons i.e. personal use, office use or 

commercial purposes. While both mobile telecommunication companies are 

growing and wireless local area networks are growing seperately, the benefit of 

having such networks operate as one cannot be overestimated (Zhengping, 2009) 

 However, one willing in this huge expansion is that all telecommunication 

networks and systems are being merged together towards 4G, and beyond to form 

the future high date rate telecommunication networks. It will support a multitude of 

enhanced services and applications. 

One main issue of these future high data rate networks is the interworking between 

Wireless Local Area Network (WLAN) system and 3G mobile system that 

provides standard interfaces to cover different applications and services. 
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1.2 STATEMENT OF THE PROBLEM 

The mobile telecommunication systems such as 3G enjoy various valuable positive 

key features like high mobility but suffer from some negative key features like low 

data rate. The same phenomenon, but vice versa, applies to Wireless Local Area 

Network (WLAN) systems that enjoy high data rate as a valuable positive key 

feature and suffer from low mobility as a negative key feature. 

Imt-Advanced (International Mobile Telecommunications Advanced) as defined 

by ITU-R laid out basic requirements that a network must meet to be considered as 

4G and one of those requirements is smooth handovers across heterogenous 

networks(Vilches, 2010). Several Mobile telecommunications company would like 

to claim the offer 4G services having meet some of the requirement the researcher 

was not able to identify any telecommunication company that has built a network 

that has smooth handovers with WLAN and that is one of the requirements as 

proposed by ITU-R for a 4G Network. 

Therefore, when considering how to cover the public wireless access need and also 

considering the main key positive features of both Wireless Local Area Network 

(WLAN) and 3G systems then, one could think about utilizing these positive key 

features of both Wireless Local Area Network (WLAN) and 3G systems. This 

includes the interworking between both 3G and WLAN systems together. 



3 
 

Unlike the conventional Wireless Local Area Networks (WLAN) and 3G, systems 

each one considered alone, the interworking between WLAN and 3G systems has 

more restrictive features and requirements; which have led to different 

interworking architecture methodologies. 

In this thesis, WLAN-3G interworking design principles, features, and methods are 

addressed. 

1.3 OBJECTIVES OF THE STUDY 

The objective of this thesis is to  

1. Describe the basic principles involved in the internetworking of Wireless 

Local Area networks and Third Generation networks such as Wideband 

Code Division Multiple Access WCDMA. 

2. The methods of Wireless Local Area networks and Third Generation 

networks interworking.  

3. Evaluate those interworking methods by simulating key parameters to decide 

on the best path Telecommunication companies such as MTN Nigeria can 

take to achieve seamless roaming across both their networks and privately 

owned local area networks 
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1.4 SCOPE OF THE STUDY 

This thesis addresses the design principles, features, architecture methods of 

implementation of WLAN-3G interworking. This will be done with a certain level 

of abstraction. Hardware design and real experiments are not within the scope of 

this thesis. However, some basic principles are provided as an abstraction for real 

practical implementations. 

The main WLAN-3G interworking issues are addressed: features, architecture 

methods, and evaluation. For example: the mobile IP method, the gateway method, 

and the emulator method which can be used to implement WLAN-3G interworking 

will be addressed in the context of features, architecture, and evaluation. 

1.5 SIGNIFICANCE OF THE STUDY 

The significance of interconnecting 3G networks and Wireless Local Area 

Network (WLAN) Networks include  

 System Selection made easy for the User – Network users would no longer 

need to select the network they desire to use as the process would be 

automated.  

 Seamless Inter-System Handoff – Network users will not notice when they 

leave a 3G Network to enter a WLAN Network or Vice-Versa. 
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 Same Data and Voice Services across Systems – The possibility of using the 

various voice and data services over different networks would be 

established. 

 Same Authentication/Authorization – Users will not need to authenticate 

each time the move from one network to another as one authentication 

would be enough.  

1.6 STRUCTURE OF THE PROJECT 

After the introduction in this chapter, the second chapter is the literature review. It 

gives an overview of 3G telecom network. The main features, the network model 

and the architecture, the main standardization bodies involved, and the services are 

presented also WLAN telecom network is viewed. The main features of IEEE 

802.11 series of standardizations and models are pointed out. After introducing 3G 

network and WLAN network as separated networks, we illustrates how 3G 

provides a real solution for the increasing demands of the public wireless access 

service and how it can cooperate with WLAN to enhance this demand. 

The architectural methods which are used to implement WLAN-3G interworking 

are addressed in Chapter 3. It looks at how the interworking works. It describes the 

basic features of the different alternatives of WLAN-3G interworking; pointing out 
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their advantages, drawbacks, and their possible impact on the WLAN and 3G 

networks themselves. 

In Chapter 4, some results of the current researches and some simulations 

developed in this thesis are addressed; in order to evaluate the interworking 

methods that were presented. 

Finally, summary and conclusions  
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CHAPTER 2 

LITERATURE REVIEW 

2.0 INTRODUCTION 

Today's rapidly changing business environment is creating intense competition 

among corporations. Markets are changing faster now than in any other time in 

history. Product life cycles are shortening and businesses must compete globally 

(Wheelwrite & Clark, 1992).  

The objective of this chapter is the elaboration of the 3G telecom networks and 

WLAN and some of the existing literature on interworking such networks.  

2.1 BACKGROUND OF 3G NETWORKS 

To understand 3G wireless mobile networks, it is necessary to first examine the 

evolution of wireless mobile communication standards. According to 

www.andrew.cmu.edu, and Santhi et al (2003), it can be stated that 1st Generation 

(1G) of wireless mobile networks was introduced in the early 1980’s.  

1G was analog and supported the first generation of analog cell phones. 1G offered 

basic wireless voice transmission based on circuit switching and analog signalling. 
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It included signalling protocols such as: Signalling System number 7 (SS7) and 

Frequency Shift Keying (FSK) based signalling in Nordic Mobile Telephone 

(NMT). IG was only able to provide relatively low quality voice services with 

limited capacity.  

Hillebrand and Friedhelm (2002) research showed that in the 1990’s service 

providers began to migrate to 2nd Generation (2G) wireless mobile technology. 2G 

improved the quality of voice transmission by using digital circuit switching 

technology rather than analog. Users were able to receive simple email or text 

messages. These changes made networks cheaper, more efficient, and easier to 

maintain; leading to an exponential growth in the mobile phone industry. 2.5G was 

developed as an overlay technology for existing 2G networks. 2.5G improved upon 

2G technology and gave enhancements to the existing 2G networks allowing for 

transmission speeds from 64 kbps to 144 kbps, so allowing for larger text 

messaging and emails as well as limited web browsing. Clearly, the major 

improvement of 2.5G to 2G was the implementation of packet switching 

technology. 

However, 3G will be a deliberate migration to faster, datacentric wireless networks 

as opined by Clint & Daniel (2000). The immediate goal is to raise transmission 

speeds from 125 kbps to 2 Mbps to allow for global roaming and video 

transmissions. The goal of 3G is to be able to give wireless phones the same 
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functionalities as a telephone, TV, and PC. With this level of service, the user will 

have the world at their fingertips, whenever and wherever they want. Table 2.1 

Summarizes the main features of 1G, 2G and 3G as stated by Santhi (2003). 

 

Table 2.1 Main features of wireless mobile generations (Santhi et al, 2003) 
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2.1.1 What is 3G? 

3G is a generic name for a set of mobile technologies which was supposed to be 

launched by the end of 2001 which use a host of high tech infrastructure networks, 

handsets, base stations, switches and other equipment to allow mobiles to offer 

high speed Internet access, data, and video and CD quality services (Parkvall 

2009). Data speeds in 3G networks should enable up to 2 Mbps as could be seen in 

Parkvall (2009). 

According to IMT 2000, 3G is a term coined by the global cellular community to 

indicate the next generation of mobile service capabilities such as higher capacity 

and enhanced functionalities which allow advanced services and applications 

including multimedia (IMT-2000 project). 

Universal Mobile Terrestrial System (UMTS) is a so called 3G broadband 

transmission of text, voice, video, and multimedia at data rates up to and possibly 

higher than 2 Mbps, offering a consistent set of services to mobile computer and 

phone users no matter where they are located in the world  3GPP2 (2002). 

2.1.2 3G Standards 
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The organizations of 3G standardization are the official forums that develop the 

actual and full standards and specifications. International Telecommunication 

Union (ITU) started the process of defining the standard for 3G systems, referred 

to as International Mobile Telecommunications 2000 (IMT-2000). In Europe, 

European Telecommunications Standards Institute (ETSI) was responsible for 

UMTS standardization process. 

3GPP 

3GPP is a global standard organization that was formed to specify 3G cellular 

systems often referred as UMTS 3GPP (2002). 

3rd Generation Partnership Project (3GPP2) 

3GPP2 is a collaborative effort between five official standard developing 

organizations, which are: Association of Radio Industries and Businesses (ARIB), 

China Wireless Telecommunication Standard Group (CWTS), 

Telecommunications Industry Association (TIA), Telecommunications 

Technology Association (TTA), and Telecommunications Technology Committee 

(TTC) 3GGP (2002). It was born out of IMT-2000. Currently, 3GPP2 is working 

on All IP network specifications for Code Division Multiple Access 2000 

(CDMA2000) networks 3GGP (2002) 

IMT-2000 
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IMT-2000 is ITU globally coordinated definition of 3G and covers key issues such 

as frequency spectrum use and technical standards (IMT-2000 project). The 

primary CDMA variants that will be used in IMT-2000 3G networks are WCDMA, 

Time Division Code Division Multiple Access (TD-CDMA), TD-SCDMA, and 

CDMA-2000 3GPP (2002). 

2.1.3 3G Spectrum 

Several frequency bands are identified for IMT-2000 systems in different regions 

as shown in Figure 2.1. The spectrum for UMTS lies between 1900 MHz to 2025 

MHz and 2110 MHz to 2200 MHz. 

 

 Figure 2.1 3G spectrum 3GGP (2002) 
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2.1.4 3G Network 

UMTS network consists of three interacting domains: Core Network (CN), 

Universal Terrestrial Radio Access Network (UTRAN), and User Equipment (UE). 

The main function of CN is to provide switching, routing, and transit for user 

traffic. CN also contains databases and network management functions. The basic 

architecture of CN for UMTS is based on GSM network with General Packet 

Radio Service (GPRS). All equipment has to be modified for UMTS operation and 

services. UTRAN provides the air interface access method for UE. BS is referred 

to as Node-B and control equipment for Node-B is called Radio Network 

Controller (RNC). 

CN is divided into circuit switched and packet switched domains. Some of the 

circuit switched elements are: Mobile services Switching Centre (MSC), Visiting 

Location Register (VLR), and Gateway MSC. Packet switched elements are: 

Serving GPRS Support Node (SGSN), and GPRS Gateway Support Node (GGSN). 

Some network elements, like EIR, Home Location Register (HLR), VLR, and 

AUC are shared by both domains. 

3G network has been evolved through: Release 99, Release 4, Release 5, and 

Release 6. Figure 2.2 and Figure 2.3 show only the main network elements 
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involved in 3GPP Release 4 and Release 5 network models. Detailed information 

is provided in www.3gpp.org, www.umtsworld.com/technology, and peterson& 

Davies (2011). 

The most important difference between GSM/GPRS and 3GPP Release 99 is the 

employment of a new radio access network based on WCDMA technology. 

Release 4 allows a single control element such as MSC server to control a pool of 

Media Gateways (MGW’s). In Release 5, IP technology will be supported on 

larger scale towards All-IP network and the new IP Multimedia Subsystem (IMS) 

will enable offering new multimedia services.  

 

Figure 2.2 3GPP Release 4 network model, Peterson & Davies (2011) 
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Figure 2.3 3GPP Release 5 network model, Peterson & Davies (2011) 

2.1.5 3G Services 

From the user point of view the main advantage of UMTS will be a broad offer of 

services. Speed, variety and user friendliness of the services will be significantly 

improved as compared with GSM (UMTS 2012). 

Hooke (2008) showed that in addition to increasing capacity for more users, 3G 

services deliver fast and secure wireless connections to the Internet and exciting 

new data applications for mobile devices. These applications and services include 

position location and mapping, audio and video content, application downloading 
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over the airwaves, multimedia messaging, video conferencing, multi user games 

and more. 

Hooke (2008) also showed that bearer services have different Quality of Service 

(QoS) parameters for maximum transfer delay, delay variation and bit error rate. 

Offered data rate targets are: 

 144 kbps satellite and rural outdoor 

 384 kbps urban outdoor 

 2048 kbps indoor and low range outdoor 

3G network services have different QoS classes for four types of traffic: 

Conversational Class 

The main features of this class: real time traffic, preserve time variation between 

information entities of a stream, stringent and low delay (end to end delay less than 

400 ms). For example: voice and bidirectional video/audio applications. (Hooke 

2008) 

Streaming Class 

The main features of this class: real time traffic, preserve time variation between 

information entities of a stream, and low delay (less than a few seconds). For 

example: streaming video/audio applications. (Hooke 2008) 
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Interactive Class 

The main features of this class: best effort traffic, request response pattern, 

preserve payload content (data integrity), and delay is less than a few seconds. For 

example: web browsing and network games applications. (Hooke 2008) 

Background Class 

The main features of this class: best effort traffic, destination is not expecting the 

data within certain time (delay is not critical), and preserve payload content (data 

integrity). For example: telemetry and email applications. (Hooke 2008) 

 

2.2WIRELESS LOCAL AREA NETWORK (WLAN) 

As there has been a huge development in the mobile telecommunication 

technologies, there has also been another huge development in Wireless Local 

Area Network WLAN technologies which cannot be ignored; especially in the high 

affordable data rates that exceed those in the mobile technologies. Therefore, this 

chapter comes to present a brief overview for WLAN technology: main features, 

principles, standards, and services. 
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2.2.1 Background 

Everything is going wireless. The prohibitive cost of building wired network 

infrastructures has paved the way for wireless network technologies on a global 

scale. The market of wireless communications has grown rapidly since the 

introduction of IEEE 802.11b Wireless Local Area Network (WLAN) standards, 

which offer performance more nearly comparable to that of Ethernet. Business 

organizations value the simplicity and scalability of WLAN’s and the relative ease 

of integrating wireless access and the ability to roam with their existing network 

resources such as servers, printers, and internet. (Allied telesynlnc, 2013) 

Benny (2002) opined that WLAN’s typically augment or replace wired computer 

networks, providing users with more flexibility and freedom of movement within 

the workplace. Users can access the company intranet or even World Wide Web 

(WWW) from anywhere on the company campus without relying on the 

availability of wired cables and connections. 

Various industries have discovered the benefits WLAN which can bring to daily 

tasks and to the balance sheet. WLAN provides users with more flexibility and 

freedom of movement within the workplace Benny (2002). 
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2.2.2 What is Wireless Local Area Network (WLAN) 

Benny (2002) research showed that Wireless Local Area Network (WLAN) is a 

flexible data communication system, which can be used for applications in which 

mobility is necessary, in home or indoor business environment. Signals in WLAN 

are transmitted via radio waves. Thus, WLAN can be identified as a closely 

grouped system of devices that communicate via radio waves instead of wires. 

WLAN supports seamless connectivity, flexibility, mobility, more reliability, 

lower installation time, installation on difficult to wire area, higher rates, and long 

term cost savings; which are not available in wired LANs. (Benny 2002) 

Wireless Local Area Network (WLAN) Benefits 

Tom & Mark (2006) research showed that Wireless networks offer the following 

productivity, convenience, and cost benefits over traditional wired networks: 

I. Mobility: WLAN allows users realtime access to information from anywhere 

in their organization, without having to find a place to connect to the 

network via an Ethernet connection; thereby increasing productivity. 

II. Reliability: In WLAN environment, fewer wires and connectors translate to 

fewer problems for users and network administrators. 

III. Ease and Speed of Installation: Installing a wireless system can be fast and 

easy and can eliminate the need to pull cable through walls and ceilings. 
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Thus, WLAN’s do not require expensive and time consuming cable 

installations which form a key particular benefit in difficult  to wire areas. 

IV. Affordability: WLAN installation and costs can be significantly lower than 

those incurred with wired networks; especially in environments that require 

frequent moves, changes and modifications. 

V. Scalability: WLAN systems are easy to configure and rearrange to 

accommodate a wide variety of topology settings and number of users. 

Configurations can be easily changed and ranged from peer-to-peer 

networks suitable for a small number of users to large infrastructure 

networks that enable roaming over a broad area. 

VI. Reach of the network: WLAN systems can be extended to places which 

cannot be wired. 

VII. Flexibility: WLAN systems offer more flexibility and adapt easily to 

changes in the configuration of the network. 

VIII. Reduced cost of ownership: While the initial investment required for 

wireless network hardware can be higher than the cost of wired network 

hardware, overall installation expenses and life cycle costs can be 

significantly lower in dynamic environments. 
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Wireless Local Area Network (WLAN) Standards 

Tom & Mark (2006) showed that IEEE has developed most standards of WLAN, 

which come as an alphabet soup of IEEE 802.11x series: IEEE 802.11a, IEEE 

802.11b, IEEE 802.11g IEEE 802.11n. In IEEE 802.11x series, all of the 

definition, features, specifications, and requirements are standardized as will be 

briefly described. 

The standards of IEEE802.11 proposed different implementations for the physical 

layer: 

I. Infrared (IR) transmission never implemented 

II. Frequency Hopping Spread Spectrum (FHSS) 

III. Direct Sequence Spread Spectrum (DSSS) 

IV. High Rate Direct Sequence Spread Spectrum (HRDSSS) 

V. Orthogonal Frequency Division Multiplexing (OFDM) 

IEEE 802.11b provides rates up to 11 Mbps and operates in the 2.4 GHz Industrial, 

Scientific and Medical (ISM) band. However, rates up to 54 Mbps are achieved in 

IEEE 802.11a which operates in the 5 GHz band and utilizes OFDM technology. 

Table 2.2 illustrates a brief summary of the main features of the IEEE 802.11x 

standards. 
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Table 2.2 Main features Wireless Local Area Network (WLAN) IEEE 802.11 a, b, 

and g standards, (WLAN Standards) 

2.2.3 Wireless Local Area Network (WLAN) Network Models 

WLAN network models and medium access are described here. 

Wireless Local Area Network (WLAN) Network Architectures 

IEEE 802.11 standards define what comprises Basic Service Set (BSS). BSS has 

two or more fixed, portable, and/or moving nodes or stations that can communicate 

with each other over the air in a geographically limited area (JuiHung et al 2003). 
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Two configurations are specified in the standards: Ad hoc mode and Infrastructure 

mode 

(JuiHung et al 2003) research further showed that the adhoc mode is also referred 

to as the peer-to-peer mode or Independent Basic Service Set (IBSS) as illustrated 

in Figure 2.4(a). This adhoc mode enables mobile stations to interconnect with 

each other directly without the use of Access Point (AP). All stations are usually 

independent and equivalent in the adhoc network. Stations may broadcast and 

flood packets in the wireless coverage area without accessing Internet. The adhoc 

configuration can be deployed easily and promptly when the users involved cannot 

access or do not need a network infrastructure. For instance, participants of a 

conference can configure their laptops as a wireless adhoc network and exchange 

data without much effort. 

However, as indicated in Figure 2.4 (b), in the infrastructure mode there are AP’s 

which bridge the mobile stations and the wired network. BSS’s can be connected 

by a distributed system which normally is LAN. The coverage areas of BSS’s 

usually overlap. Handover occurs when a station moves from a coverage area of 

one AP to a coverage area of another AP. Although, the radio range of BSS limits 

the movement of wireless stations, seamless roaming among BSS’s can construct a 

campus wide wireless network service (Jui-Hung et al 2003).  
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Figure 2.4Wireless Local Area Network (WLAN) network architectures: (a) Ad 

hoc mode, and (b) Infrastructure. (Jui-Hung et al 2003). 

Medium Access Method 

IEEE 802.11 uses Carrier Sense Multiple Access with Collision Avoidance 

(CSMA/CA) to access medium. The basic idea of CSMA/CA is: If a station wants 

to transmit, it first senses the medium. If the medium is busy, the state defers its 

transmission to a later time. Otherwise, it is allowed to use the medium. 

Tom & Mark (2006) research showed that because of the hidden node problem, 

collisions could occur. For example, if both station A and C try to send data to 

station B at the same time then a collision will occur. To avoid collisions, a Ready 

to Send /Clear to Send (RTS/CTS) mechanism is implemented. When a station gets 
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the chance to send, it sends RTS message first. The destination returns CTS 

message. After that, the source station can begin to send the data. Since, collisions 

may not be detected by the source station; the destination will acknowledge via 

ACK message every packet. 

2.2.4 Wireless Local Area Network (WLAN) Services 

WLAN’s mainly liberate users from dependence on hardwired access to the 

network backbone, giving them anytime, anywhere network access. Rapporteur 

(2002) showed that freedom to roam offers numerous user services for a variety of 

work environments, some examples are: 

• Easy, realtime network access for onsite consultants or auditors. 

• Network managers can move employees, set up temporary offices, or install 

printers and other equipment without the cost and complexity of wires and cables. 

Executives can access vital company information from the boardroom through 

handheld devices equipped with WLAN cards. 

• Improved database access for roving supervisors such as production line 

managers, warehouse auditors, or construction engineers. 

• Simplified network configuration for temporary setups such as trade shows or 

conference rooms. 
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• Employees can maintain realtime pricing and inventory information. 

• Faster access to customer information for service vendors and retailers, resulting 

in better service and improved customer satisfaction. 

• Location independent access for network administrators, for easier on-site 

troubleshooting and support. 

• Realtime access to study group meetings and research links for students. 

• Students and instructors can communicate anywhere on campus. WLAN’s 

eliminate the need for students to visit computer labs or dorm rooms to download 

assignments. 

• Immediate bedside access to patient information for doctors and hospital staff. 

• Hotels and restaurants can process guest reception information, process room 

service orders, and track guest baggage.  

2.3 3G and Wireless Local Area Network (WLAN) 

After giving an overview about 3G network and WLAN network; each network 

being described alone as a completely separated system without relevance to the 

other system, now it is time to consider and treat both systems being integrated 

together. 
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Doufexi et al, (2011) Opined that a vision of future high data rate networks will be 

glanced to reflect the significant importance of changing the ways of thinking 

about revolution only in mobile technology side alone without considering what 

has been achieved in WLAN technology side; especially the huge rates that 

WLAN offers and they could not be ignored. However, compared to WLAN 

technology rates, mobile technology rates are still suffering from being low. 

Doufexi et al, (2011) stated that based on the huge data rates in WLAN, a new way 

of thinking has been arisen in which WLAN technology is being involved in the 

development of 3G technology. This means that WLAN is integrated or 

interworked with 3G to address some features of the future wireless networks. 

The reasons behind this new trend will be explored and discussed here 

illustratively as what will be seen in this chapter. 

2.3.1 On the Future High Data Rate Wireless Networks Vision 

Some ideas and thoughts are discussed in this section; to illustrate the nature of the 

future wireless networks for high data rate. 

Starting From 3G 

In 3G, WCDMA air interface was initially designed to support a wide variety of 

services with different QoS requirements having a maximum bit rate of 2 Mbps. In 
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order to satisfy the future service and application needs several technical 

enhancements have been studied and standardized for WCDMA in 3GPP as seen 

in Walton (2006). 

The development of 3G will follow a few key trends, and the evolution following 

these trends will continue as long as the physical limitations or backward 

compatibility requirements do not force the development to move from evolution 

to revolution. The key trends include: 

• Voice services will stay important in foreseeable future, which means that 

capacity optimization for voice services will continue. 

• Together with increasing use of IP-based applications, the importance of data as 

well as simultaneous voice and data will increase. 

• Increased need for data means that the efficiency of data services needs to be 

improved as well as delay and average and peak user data rates. 

• When more and more attractive multimedia terminals emerge in the markets, the 

usage of such terminals will spread from office, homes, and airports to roads, and 

finally everywhere. This means that high quality, high data rate applications will 

be needed everywhere. 
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• When the volume of data increases, the cost per transmitted bit needs to decrease 

in order to make new services and applications affordable for everybody. 

As a summary for 3G development objectives; the development of 3G will follow 

a few continuing key trends: increasing capacity optimization for voice services, 

increasing IP-based applications, supporting simultaneous voice and data 

improving services efficiency, delay, and average and peak user data rates, making 

more attractive multimedia terminals to be spread out everywhere, achieving high 

quality high data rate everywhere, and finally decreasing cost to be affordable for 

everybody (Honkasalo et al 2002). 

Is 3G Enough? 

Honkasalo et al (2002), Recently, mobile business professionals have increasingly 

been looking for an efficient way to access corporate information systems and 

databases remotely through the Internet backbone. 

However, the high data rate demands of typical office applications (e.g., large 

email attachment downloading) often calls for very high transmission capacity. 

Furthermore, certain hot spots like airports and railway stations are natural places 

to use the services. However, in these places the time available for information 

download is typically fairly limited. 
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Wireless telecommunication networks have been developed dramatically. Not only 

in 3G technology but also in other technologies such as: WLAN, Wireless Personal 

Area Network (WPAN), Ultra Wide Band (UWB) etc. One question arises here, 

that is: Is 3G enough? The answer of this question seems to be negative. This is 

very clear from the huge developments rather than in 3G in which the services and 

profits exceed what’s gained in 3G. Also, this reinforced from 3G development 

circle itself which has expanded to involve new technologies to cope with 

increasing wireless users demands. Nowadays, there are talks about 4G and 

perhaps beyond coming concurrently with 3G which has not been completed and 

launched effectively yet. Therefore, future wireless networks are being developed 

beyond 3G. 

One clear side is the data rate trends. The data rate trends are summarized in Figure 

2.6 and Figure 2.7 where it is obvious that in evolution path of 3G, very high data 

rates are achieved in hot spots with WLAN rather than in cellular based standards.  
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Figure 2.5 Data Rate Trends (Doufexi et al, 2011) 

 

Figure 2.6 Networks vs. Data rate (Doufexi et al, 2011) 



32 
 

Addressing Wireless Local Area Network (WLAN) 

Doufexi et al (2011), showed that huge amount of data rates that can be achieved 

through WLAN technologies such as the development of picocell and personal 

area network technologies (e.g., WLAN and Bluetooth) for office, public, and 

home indoor solutions. 

Current WLAN products are able to provide data rates up to 54 Mbps. WLAN’s 

have been mostly used as wireless replacement for wired LAN’s in the office 

environment. 

Together with high data rate cellular access, WLAN has the potential to fulfil end 

user demands in hot spot environments as opined by Doufexi et al (2011). WLAN 

offers an interesting possibility for cellular operators to offer additional capacity 

and higher data rates for end users without sacrificing the capacity of cellular 

users, since WLAN’s operate on unlicensed frequency bands. Furthermore, 

solutions exist that enable operators to utilize the existing cellular infrastructure 

investments and well established roaming agreements for WLAN network 

subscriber management and billing. 
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Key Objectives 

In the light of the above there is a clear need for a public wireless access solution 

that could cover the increasing demand for data intensive applications and enable 

smooth online access to corporate data services in hot spots. 

Honkasalo et al (2002) stated that future wireless networks is 4G; wherein 4G can 

be defined as a conceptual framework for or a discussion point to address future 

needs of a universal high speed wireless network that will interface with wire line 

backbone network seamlessly. However, 4G can be imagined as an integrated 

wireless system that enables seamless roaming between technologies. A user can 

be operating in cellular technology network and get handed over to a satellite based 

network and back to a fixed wireless network, depending upon the network 

coverage and preference of charging. 

Honkasalo et al (2002) was of the opinion that before considering some future 

wireless system as belonging to 4G, it must possess capabilities that by far exceed 

those in 3G systems. Judging from an application and services point of view, one 

distinguishing factor between 3G and 4G will still be the data rate. 4G should 

support at least 100 Mbps peak data rates in full mobility wide area coverage and 1 

Gbps in low mobility local area coverage. 
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Future Vision 

As mentioned earlier, services, applications, and even core network are evolving 

with high speed, and distinguishing different generations is not really possible 

anymore. The evolution, and sometimes revolution, is a very significant trend. The 

other major trend is that access methods will be less tightly coupled to the network. 

After a certain point, evolution is no longer an answer to air interface development, 

and revolutionary concepts must also be considered. Figure 2.7 illustrates the 

evolution of 2G/3G cellular and WLAN standards and the revolutionary step 

toward future wireless systems as described by Honkasalo et al (2002). GSM 

evolution will continue in parallel with WCDMA. For instance, cdma2000-1X will 

be followed by 1XeV-DO (high bit rate data only) and 1XeVDV (high-bit-rate data 

and voice) standards. Looking at development in the Internet and applications, it is 

clear that the complexity of the transferred content is rapidly increasing and will 

increase further in the future. Generally, it can be said that the more data rate is 

available, the more data rate applications will consume. In order to justify the need 

for a new air interface, targets need to be set high enough to ensure that the system 

will be able to serve long in the future. A reasonable approach would be to aim at 

100 Mbps in full mobility wide area coverage and 1 Gbps in low mobility local 

area coverage with a next generation cellular system in about 2010 in standards 

Also, the future application and service requirements will bring new requirements 
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to the air interface and new emphasis on air interface design. One such issue, 

which already strongly impacts 3G evolutions, is the need to support IP and IP-

based multimedia, Honkasalo et al (2002).  

 

Figure 2.7 Wireless Networks Development Path, (Honkasalo et al, 2002) 

2.3.2 3G vs. Wireless Local Area Network (WLAN) 

In this section, a comparison between 3G and WLAN technologies is illustrated to 

highlight the key points in each one of them. Hence, this paves the way towards the 

thinking of the interworking between 3G and WLAN as shown in ZhengPing et al 

(2009). 
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Table 2.3 illustrates the basic key points as a comparison between 3G and WLAN 

technologies. However, other detailed comparisons between 3G and some 

particular WLAN technologies are illustrated in Tables: 2.3-2.6 

 

 

Table 2.3 3G vs. WLAN -Key point comparison  (ZhengPing et al, 2009). 
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Table 2.4 3G vs Wifi (ZhengPing et al, 2009). 

 

Table 2.5 3G vs Wimax (ZhengPing et al, 2009). 
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Table 2.6 3G vs Mobile Fi. (ZhengPing et al, 2009). 

Hence, from the previous illustrative comparisons mentioned above, it is very clear 

that the main key advantages of 3G are: the high mobility and high range. While, 

the high speed is the key advantage of WLAN. Figure 2.8 summarizes those key 

advantages.  
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Figure 2.8 Mobility vs. Data Rates for 3G & WLAN (Honkasalo et al, 2012) 

2.4 4G Networks 

As 3G networks undergo deployment and final standardization, attention is turning 

to the next generation of wireless networks. The 4G networks are expected to 

support a variety of personalized, multimedia applications such as multimedia 

conferencing, video phones, video/movie on demand, education on demand, 

streaming media, multimedia messaging. 

(James et al 2012) showed that 4G networks are expected to coexist and interwork 

with existing 2G and 3G mobile communication systems as well as satellite, 

wireless LAN (WLAN), and IEEE 802.16e (also known as Wireless MAN 

(WMAN) or WiMAX, all interconnected through the service provider IP backbone 

networks and the Internet as illustrated in  Figure 2.9 
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Figure 2.9 4G Network Environment (James et al, 2012) 

In this heterogenous network environment, in addition to the traditional challenges 

such as roaming, horinzontal handoffs, security, quality of service (Qos) support, 

charging and new challenges such as vertical handoffs, network choice and global 

roaming must be met with appropriate solutions. 

Handoffs and Handovers 

In 2G and 3G networks, only one type of handoff is needed, namely the horizontal 

handoff, which involves a terminal device to change cells within the same type of 

network (e.g., within a CDMA network) to maintain service continuity. In 4G 
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network environment, in addition to the horizontal handoff, the vertical handoff 

must also be supported. The vertical handoff  mechanism allows a terminal device 

to change networks between different types of networks (e.g., between 3G and 4G 

networks) in a way that is completely transparent to end user applications. Thus, 

the challenge is to allow vertical handoffs between pairs of different types of 

networks in the presence of 2G, 3G, WLAN, WMAN, satellite, and 4G networks. 

The greater challenge lies whenthe vertical handoffs must take place with a certain 

set of QoS requirements still satisfied.  

2.5 Summary 

Different discussion, visions, and comparisons of related issues in 3G and WLAN 

have been presented in this chapter. 

However, after having all the previous discussions, from now on the focus will be 

on the details of the interworking between 3G and WLAN as will be presented in 

the next chapters. 
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CHAPTER 2 

LITERATURE REVIEW 

2.0 INTRODUCTION 

Today's rapidly changing business environment is creating intense competition 

among corporations. Markets are changing faster now than in any other time in 

history. Product life cycles are shortening and businesses must compete globally 

(Wheelwrite & Clark, 1992).  

The objective of this chapter is the elaboration of the 3G telecom networks and 

WLAN and some of the existing literature on interworking such networks.  

2.1 BACKGROUND OF 3G NETWORKS 

To understand 3G wireless mobile networks, it is necessary to first examine the 

evolution of wireless mobile communication standards. According to 

www.andrew.cmu.edu, and Santhi et al (2003), it can be stated that 1st Generation 

(1G) of wireless mobile networks was introduced in the early 1980’s.  

1G was analog and supported the first generation of analog cell phones. 1G offered 

basic wireless voice transmission based on circuit switching and analog signalling. 
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It included signalling protocols such as: Signalling System number 7 (SS7) and 

Frequency Shift Keying (FSK) based signalling in Nordic Mobile Telephone 

(NMT). IG was only able to provide relatively low quality voice services with 

limited capacity.  

Hillebrand and Friedhelm (2002) research showed that in the 1990’s service 

providers began to migrate to 2nd Generation (2G) wireless mobile technology. 2G 

improved the quality of voice transmission by using digital circuit switching 

technology rather than analog. Users were able to receive simple email or text 

messages. These changes made networks cheaper, more efficient, and easier to 

maintain; leading to an exponential growth in the mobile phone industry. 2.5G was 

developed as an overlay technology for existing 2G networks. 2.5G improved upon 

2G technology and gave enhancements to the existing 2G networks allowing for 

transmission speeds from 64 kbps to 144 kbps, so allowing for larger text 

messaging and emails as well as limited web browsing. Clearly, the major 

improvement of 2.5G to 2G was the implementation of packet switching 

technology. 

However, 3G will be a deliberate migration to faster, datacentric wireless networks 

as opined by Clint & Daniel (2000). The immediate goal is to raise transmission 

speeds from 125 kbps to 2 Mbps to allow for global roaming and video 

transmissions. The goal of 3G is to be able to give wireless phones the same 
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functionalities as a telephone, TV, and PC. With this level of service, the user will 

have the world at their fingertips, whenever and wherever they want. Table 2.1 

Summarizes the main features of 1G, 2G and 3G as stated by Santhi (2003). 

 

Table 2.1 Main features of wireless mobile generations (Santhi et al, 2003) 
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2.1.1 What is 3G? 

3G is a generic name for a set of mobile technologies which was supposed to be 

launched by the end of 2001 which use a host of high tech infrastructure networks, 

handsets, base stations, switches and other equipment to allow mobiles to offer 

high speed Internet access, data, and video and CD quality services (Parkvall 

2009). Data speeds in 3G networks should enable up to 2 Mbps as could be seen in 

Parkvall (2009). 

According to IMT 2000, 3G is a term coined by the global cellular community to 

indicate the next generation of mobile service capabilities such as higher capacity 

and enhanced functionalities which allow advanced services and applications 

including multimedia (IMT-2000 project). 

Universal Mobile Terrestrial System (UMTS) is a so called 3G broadband 

transmission of text, voice, video, and multimedia at data rates up to and possibly 

higher than 2 Mbps, offering a consistent set of services to mobile computer and 

phone users no matter where they are located in the world  3GPP2 (2002). 

2.1.2 3G Standards 
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The organizations of 3G standardization are the official forums that develop the 

actual and full standards and specifications. International Telecommunication 

Union (ITU) started the process of defining the standard for 3G systems, referred 

to as International Mobile Telecommunications 2000 (IMT-2000). In Europe, 

European Telecommunications Standards Institute (ETSI) was responsible for 

UMTS standardization process. 

3GPP 

3GPP is a global standard organization that was formed to specify 3G cellular 

systems often referred as UMTS 3GPP (2002). 

3rd Generation Partnership Project (3GPP2) 

3GPP2 is a collaborative effort between five official standard developing 

organizations, which are: Association of Radio Industries and Businesses (ARIB), 

China Wireless Telecommunication Standard Group (CWTS), 

Telecommunications Industry Association (TIA), Telecommunications 

Technology Association (TTA), and Telecommunications Technology Committee 

(TTC) 3GGP (2002). It was born out of IMT-2000. Currently, 3GPP2 is working 

on All IP network specifications for Code Division Multiple Access 2000 

(CDMA2000) networks 3GGP (2002) 

IMT-2000 
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IMT-2000 is ITU globally coordinated definition of 3G and covers key issues such 

as frequency spectrum use and technical standards (IMT-2000 project). The 

primary CDMA variants that will be used in IMT-2000 3G networks are WCDMA, 

Time Division Code Division Multiple Access (TD-CDMA), TD-SCDMA, and 

CDMA-2000 3GPP (2002). 

2.1.3 3G Spectrum 

Several frequency bands are identified for IMT-2000 systems in different regions 

as shown in Figure 2.1. The spectrum for UMTS lies between 1900 MHz to 2025 

MHz and 2110 MHz to 2200 MHz. 

 

 Figure 2.1 3G spectrum 3GGP (2002) 
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2.1.4 3G Network 

UMTS network consists of three interacting domains: Core Network (CN), 

Universal Terrestrial Radio Access Network (UTRAN), and User Equipment (UE). 

The main function of CN is to provide switching, routing, and transit for user 

traffic. CN also contains databases and network management functions. The basic 

architecture of CN for UMTS is based on GSM network with General Packet 

Radio Service (GPRS). All equipment has to be modified for UMTS operation and 

services. UTRAN provides the air interface access method for UE. BS is referred 

to as Node-B and control equipment for Node-B is called Radio Network 

Controller (RNC). 

CN is divided into circuit switched and packet switched domains. Some of the 

circuit switched elements are: Mobile services Switching Centre (MSC), Visiting 

Location Register (VLR), and Gateway MSC. Packet switched elements are: 

Serving GPRS Support Node (SGSN), and GPRS Gateway Support Node (GGSN). 

Some network elements, like EIR, Home Location Register (HLR), VLR, and 

AUC are shared by both domains. 

3G network has been evolved through: Release 99, Release 4, Release 5, and 

Release 6. Figure 2.2 and Figure 2.3 show only the main network elements 
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involved in 3GPP Release 4 and Release 5 network models. Detailed information 

is provided in www.3gpp.org, www.umtsworld.com/technology, and peterson& 

Davies (2011). 

The most important difference between GSM/GPRS and 3GPP Release 99 is the 

employment of a new radio access network based on WCDMA technology. 

Release 4 allows a single control element such as MSC server to control a pool of 

Media Gateways (MGW’s). In Release 5, IP technology will be supported on 

larger scale towards All-IP network and the new IP Multimedia Subsystem (IMS) 

will enable offering new multimedia services.  

 

Figure 2.2 3GPP Release 4 network model, Peterson & Davies (2011) 



50 
 

 

Figure 2.3 3GPP Release 5 network model, Peterson & Davies (2011) 

2.1.5 3G Services 

From the user point of view the main advantage of UMTS will be a broad offer of 

services. Speed, variety and user friendliness of the services will be significantly 

improved as compared with GSM (UMTS 2012). 

Hooke (2008) showed that in addition to increasing capacity for more users, 3G 

services deliver fast and secure wireless connections to the Internet and exciting 

new data applications for mobile devices. These applications and services include 

position location and mapping, audio and video content, application downloading 
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over the airwaves, multimedia messaging, video conferencing, multi user games 

and more. 

Hooke (2008) also showed that bearer services have different Quality of Service 

(QoS) parameters for maximum transfer delay, delay variation and bit error rate. 

Offered data rate targets are: 

 144 kbps satellite and rural outdoor 

 384 kbps urban outdoor 

 2048 kbps indoor and low range outdoor 

3G network services have different QoS classes for four types of traffic: 

Conversational Class 

The main features of this class: real time traffic, preserve time variation between 

information entities of a stream, stringent and low delay (end to end delay less than 

400 ms). For example: voice and bidirectional video/audio applications. (Hooke 

2008) 

Streaming Class 

The main features of this class: real time traffic, preserve time variation between 

information entities of a stream, and low delay (less than a few seconds). For 

example: streaming video/audio applications. (Hooke 2008) 
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Interactive Class 

The main features of this class: best effort traffic, request response pattern, 

preserve payload content (data integrity), and delay is less than a few seconds. For 

example: web browsing and network games applications. (Hooke 2008) 

Background Class 

The main features of this class: best effort traffic, destination is not expecting the 

data within certain time (delay is not critical), and preserve payload content (data 

integrity). For example: telemetry and email applications. (Hooke 2008) 

 

2.2WIRELESS LOCAL AREA NETWORK (WLAN) 

As there has been a huge development in the mobile telecommunication 

technologies, there has also been another huge development in Wireless Local 

Area Network WLAN technologies which cannot be ignored; especially in the high 

affordable data rates that exceed those in the mobile technologies. Therefore, this 

chapter comes to present a brief overview for WLAN technology: main features, 

principles, standards, and services. 
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2.2.1 Background 

Everything is going wireless. The prohibitive cost of building wired network 

infrastructures has paved the way for wireless network technologies on a global 

scale. The market of wireless communications has grown rapidly since the 

introduction of IEEE 802.11b Wireless Local Area Network (WLAN) standards, 

which offer performance more nearly comparable to that of Ethernet. Business 

organizations value the simplicity and scalability of WLAN’s and the relative ease 

of integrating wireless access and the ability to roam with their existing network 

resources such as servers, printers, and internet. (Allied telesynlnc, 2013) 

Benny (2002) opined that WLAN’s typically augment or replace wired computer 

networks, providing users with more flexibility and freedom of movement within 

the workplace. Users can access the company intranet or even World Wide Web 

(WWW) from anywhere on the company campus without relying on the 

availability of wired cables and connections. 

Various industries have discovered the benefits WLAN which can bring to daily 

tasks and to the balance sheet. WLAN provides users with more flexibility and 

freedom of movement within the workplace Benny (2002). 
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2.2.2 What is Wireless Local Area Network (WLAN) 

Benny (2002) research showed that Wireless Local Area Network (WLAN) is a 

flexible data communication system, which can be used for applications in which 

mobility is necessary, in home or indoor business environment. Signals in WLAN 

are transmitted via radio waves. Thus, WLAN can be identified as a closely 

grouped system of devices that communicate via radio waves instead of wires. 

WLAN supports seamless connectivity, flexibility, mobility, more reliability, 

lower installation time, installation on difficult to wire area, higher rates, and long 

term cost savings; which are not available in wired LANs. (Benny 2002) 

Wireless Local Area Network (WLAN) Benefits 

Tom & Mark (2006) research showed that Wireless networks offer the following 

productivity, convenience, and cost benefits over traditional wired networks: 

I. Mobility: WLAN allows users realtime access to information from anywhere 

in their organization, without having to find a place to connect to the 

network via an Ethernet connection; thereby increasing productivity. 

II. Reliability: In WLAN environment, fewer wires and connectors translate to 

fewer problems for users and network administrators. 

III. Ease and Speed of Installation: Installing a wireless system can be fast and 

easy and can eliminate the need to pull cable through walls and ceilings. 
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Thus, WLAN’s do not require expensive and time consuming cable 

installations which form a key particular benefit in difficult  to wire areas. 

IV. Affordability: WLAN installation and costs can be significantly lower than 

those incurred with wired networks; especially in environments that require 

frequent moves, changes and modifications. 

V. Scalability: WLAN systems are easy to configure and rearrange to 

accommodate a wide variety of topology settings and number of users. 

Configurations can be easily changed and ranged from peer-to-peer 

networks suitable for a small number of users to large infrastructure 

networks that enable roaming over a broad area. 

VI. Reach of the network: WLAN systems can be extended to places which 

cannot be wired. 

VII. Flexibility: WLAN systems offer more flexibility and adapt easily to 

changes in the configuration of the network. 

VIII. Reduced cost of ownership: While the initial investment required for 

wireless network hardware can be higher than the cost of wired network 

hardware, overall installation expenses and life cycle costs can be 

significantly lower in dynamic environments. 
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Wireless Local Area Network (WLAN) Standards 

Tom & Mark (2006) showed that IEEE has developed most standards of WLAN, 

which come as an alphabet soup of IEEE 802.11x series: IEEE 802.11a, IEEE 

802.11b, IEEE 802.11g IEEE 802.11n. In IEEE 802.11x series, all of the 

definition, features, specifications, and requirements are standardized as will be 

briefly described. 

The standards of IEEE802.11 proposed different implementations for the physical 

layer: 

I. Infrared (IR) transmission never implemented 

II. Frequency Hopping Spread Spectrum (FHSS) 

III. Direct Sequence Spread Spectrum (DSSS) 

IV. High Rate Direct Sequence Spread Spectrum (HRDSSS) 

V. Orthogonal Frequency Division Multiplexing (OFDM) 

IEEE 802.11b provides rates up to 11 Mbps and operates in the 2.4 GHz Industrial, 

Scientific and Medical (ISM) band. However, rates up to 54 Mbps are achieved in 

IEEE 802.11a which operates in the 5 GHz band and utilizes OFDM technology. 

Table 2.2 illustrates a brief summary of the main features of the IEEE 802.11x 

standards. 
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Table 2.2 Main features Wireless Local Area Network (WLAN) IEEE 802.11 a, b, 

and g standards, (WLAN Standards) 

2.2.3 Wireless Local Area Network (WLAN) Network Models 

WLAN network models and medium access are described here. 

Wireless Local Area Network (WLAN) Network Architectures 

IEEE 802.11 standards define what comprises Basic Service Set (BSS). BSS has 

two or more fixed, portable, and/or moving nodes or stations that can communicate 

with each other over the air in a geographically limited area (JuiHung et al 2003). 
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Two configurations are specified in the standards: Ad hoc mode and Infrastructure 

mode 

(JuiHung et al 2003) research further showed that the adhoc mode is also referred 

to as the peer-to-peer mode or Independent Basic Service Set (IBSS) as illustrated 

in Figure 2.4(a). This adhoc mode enables mobile stations to interconnect with 

each other directly without the use of Access Point (AP). All stations are usually 

independent and equivalent in the adhoc network. Stations may broadcast and 

flood packets in the wireless coverage area without accessing Internet. The adhoc 

configuration can be deployed easily and promptly when the users involved cannot 

access or do not need a network infrastructure. For instance, participants of a 

conference can configure their laptops as a wireless adhoc network and exchange 

data without much effort. 

However, as indicated in Figure 2.4 (b), in the infrastructure mode there are AP’s 

which bridge the mobile stations and the wired network. BSS’s can be connected 

by a distributed system which normally is LAN. The coverage areas of BSS’s 

usually overlap. Handover occurs when a station moves from a coverage area of 

one AP to a coverage area of another AP. Although, the radio range of BSS limits 

the movement of wireless stations, seamless roaming among BSS’s can construct a 

campus wide wireless network service (Jui-Hung et al 2003).  
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Figure 2.4Wireless Local Area Network (WLAN) network architectures: (a) Ad 

hoc mode, and (b) Infrastructure. (Jui-Hung et al 2003). 

Medium Access Method 

IEEE 802.11 uses Carrier Sense Multiple Access with Collision Avoidance 

(CSMA/CA) to access medium. The basic idea of CSMA/CA is: If a station wants 

to transmit, it first senses the medium. If the medium is busy, the state defers its 

transmission to a later time. Otherwise, it is allowed to use the medium. 

Tom & Mark (2006) research showed that because of the hidden node problem, 

collisions could occur. For example, if both station A and C try to send data to 

station B at the same time then a collision will occur. To avoid collisions, a Ready 

to Send /Clear to Send (RTS/CTS) mechanism is implemented. When a station gets 



60 
 

the chance to send, it sends RTS message first. The destination returns CTS 

message. After that, the source station can begin to send the data. Since, collisions 

may not be detected by the source station; the destination will acknowledge via 

ACK message every packet. 

2.2.4 Wireless Local Area Network (WLAN) Services 

WLAN’s mainly liberate users from dependence on hardwired access to the 

network backbone, giving them anytime, anywhere network access. Rapporteur 

(2002) showed that freedom to roam offers numerous user services for a variety of 

work environments, some examples are: 

• Easy, realtime network access for onsite consultants or auditors. 

• Network managers can move employees, set up temporary offices, or install 

printers and other equipment without the cost and complexity of wires and cables. 

Executives can access vital company information from the boardroom through 

handheld devices equipped with WLAN cards. 

• Improved database access for roving supervisors such as production line 

managers, warehouse auditors, or construction engineers. 

• Simplified network configuration for temporary setups such as trade shows or 

conference rooms. 
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• Employees can maintain realtime pricing and inventory information. 

• Faster access to customer information for service vendors and retailers, resulting 

in better service and improved customer satisfaction. 

• Location independent access for network administrators, for easier on-site 

troubleshooting and support. 

• Realtime access to study group meetings and research links for students. 

• Students and instructors can communicate anywhere on campus. WLAN’s 

eliminate the need for students to visit computer labs or dorm rooms to download 

assignments. 

• Immediate bedside access to patient information for doctors and hospital staff. 

• Hotels and restaurants can process guest reception information, process room 

service orders, and track guest baggage.  

2.3 3G and Wireless Local Area Network (WLAN) 

After giving an overview about 3G network and WLAN network; each network 

being described alone as a completely separated system without relevance to the 

other system, now it is time to consider and treat both systems being integrated 

together. 
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Doufexi et al, (2011) Opined that a vision of future high data rate networks will be 

glanced to reflect the significant importance of changing the ways of thinking 

about revolution only in mobile technology side alone without considering what 

has been achieved in WLAN technology side; especially the huge rates that 

WLAN offers and they could not be ignored. However, compared to WLAN 

technology rates, mobile technology rates are still suffering from being low. 

Doufexi et al, (2011) stated that based on the huge data rates in WLAN, a new way 

of thinking has been arisen in which WLAN technology is being involved in the 

development of 3G technology. This means that WLAN is integrated or 

interworked with 3G to address some features of the future wireless networks. 

The reasons behind this new trend will be explored and discussed here 

illustratively as what will be seen in this chapter. 

2.3.1 On the Future High Data Rate Wireless Networks Vision 

Some ideas and thoughts are discussed in this section; to illustrate the nature of the 

future wireless networks for high data rate. 

Starting From 3G 

In 3G, WCDMA air interface was initially designed to support a wide variety of 

services with different QoS requirements having a maximum bit rate of 2 Mbps. In 
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order to satisfy the future service and application needs several technical 

enhancements have been studied and standardized for WCDMA in 3GPP as seen 

in Walton (2006). 

The development of 3G will follow a few key trends, and the evolution following 

these trends will continue as long as the physical limitations or backward 

compatibility requirements do not force the development to move from evolution 

to revolution. The key trends include: 

• Voice services will stay important in foreseeable future, which means that 

capacity optimization for voice services will continue. 

• Together with increasing use of IP-based applications, the importance of data as 

well as simultaneous voice and data will increase. 

• Increased need for data means that the efficiency of data services needs to be 

improved as well as delay and average and peak user data rates. 

• When more and more attractive multimedia terminals emerge in the markets, the 

usage of such terminals will spread from office, homes, and airports to roads, and 

finally everywhere. This means that high quality, high data rate applications will 

be needed everywhere. 
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• When the volume of data increases, the cost per transmitted bit needs to decrease 

in order to make new services and applications affordable for everybody. 

As a summary for 3G development objectives; the development of 3G will follow 

a few continuing key trends: increasing capacity optimization for voice services, 

increasing IP-based applications, supporting simultaneous voice and data 

improving services efficiency, delay, and average and peak user data rates, making 

more attractive multimedia terminals to be spread out everywhere, achieving high 

quality high data rate everywhere, and finally decreasing cost to be affordable for 

everybody (Honkasalo et al 2002). 

Is 3G Enough? 

Honkasalo et al (2002), Recently, mobile business professionals have increasingly 

been looking for an efficient way to access corporate information systems and 

databases remotely through the Internet backbone. 

However, the high data rate demands of typical office applications (e.g., large 

email attachment downloading) often calls for very high transmission capacity. 

Furthermore, certain hot spots like airports and railway stations are natural places 

to use the services. However, in these places the time available for information 

download is typically fairly limited. 
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Wireless telecommunication networks have been developed dramatically. Not only 

in 3G technology but also in other technologies such as: WLAN, Wireless Personal 

Area Network (WPAN), Ultra Wide Band (UWB) etc. One question arises here, 

that is: Is 3G enough? The answer of this question seems to be negative. This is 

very clear from the huge developments rather than in 3G in which the services and 

profits exceed what’s gained in 3G. Also, this reinforced from 3G development 

circle itself which has expanded to involve new technologies to cope with 

increasing wireless users demands. Nowadays, there are talks about 4G and 

perhaps beyond coming concurrently with 3G which has not been completed and 

launched effectively yet. Therefore, future wireless networks are being developed 

beyond 3G. 

One clear side is the data rate trends. The data rate trends are summarized in Figure 

2.6 and Figure 2.7 where it is obvious that in evolution path of 3G, very high data 

rates are achieved in hot spots with WLAN rather than in cellular based standards.  
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Figure 2.5 Data Rate Trends (Doufexi et al, 2011) 

 

Figure 2.6 Networks vs. Data rate (Doufexi et al, 2011) 
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Addressing Wireless Local Area Network (WLAN) 

Doufexi et al (2011), showed that huge amount of data rates that can be achieved 

through WLAN technologies such as the development of picocell and personal 

area network technologies (e.g., WLAN and Bluetooth) for office, public, and 

home indoor solutions. 

Current WLAN products are able to provide data rates up to 54 Mbps. WLAN’s 

have been mostly used as wireless replacement for wired LAN’s in the office 

environment. 

Together with high data rate cellular access, WLAN has the potential to fulfil end 

user demands in hot spot environments as opined by Doufexi et al (2011). WLAN 

offers an interesting possibility for cellular operators to offer additional capacity 

and higher data rates for end users without sacrificing the capacity of cellular 

users, since WLAN’s operate on unlicensed frequency bands. Furthermore, 

solutions exist that enable operators to utilize the existing cellular infrastructure 

investments and well established roaming agreements for WLAN network 

subscriber management and billing. 
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Key Objectives 

In the light of the above there is a clear need for a public wireless access solution 

that could cover the increasing demand for data intensive applications and enable 

smooth online access to corporate data services in hot spots. 

Honkasalo et al (2002) stated that future wireless networks is 4G; wherein 4G can 

be defined as a conceptual framework for or a discussion point to address future 

needs of a universal high speed wireless network that will interface with wire line 

backbone network seamlessly. However, 4G can be imagined as an integrated 

wireless system that enables seamless roaming between technologies. A user can 

be operating in cellular technology network and get handed over to a satellite based 

network and back to a fixed wireless network, depending upon the network 

coverage and preference of charging. 

Honkasalo et al (2002) was of the opinion that before considering some future 

wireless system as belonging to 4G, it must possess capabilities that by far exceed 

those in 3G systems. Judging from an application and services point of view, one 

distinguishing factor between 3G and 4G will still be the data rate. 4G should 

support at least 100 Mbps peak data rates in full mobility wide area coverage and 1 

Gbps in low mobility local area coverage. 
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Future Vision 

As mentioned earlier, services, applications, and even core network are evolving 

with high speed, and distinguishing different generations is not really possible 

anymore. The evolution, and sometimes revolution, is a very significant trend. The 

other major trend is that access methods will be less tightly coupled to the network. 

After a certain point, evolution is no longer an answer to air interface development, 

and revolutionary concepts must also be considered. Figure 2.7 illustrates the 

evolution of 2G/3G cellular and WLAN standards and the revolutionary step 

toward future wireless systems as described by Honkasalo et al (2002). GSM 

evolution will continue in parallel with WCDMA. For instance, cdma2000-1X will 

be followed by 1XeV-DO (high bit rate data only) and 1XeVDV (high-bit-rate data 

and voice) standards. Looking at development in the Internet and applications, it is 

clear that the complexity of the transferred content is rapidly increasing and will 

increase further in the future. Generally, it can be said that the more data rate is 

available, the more data rate applications will consume. In order to justify the need 

for a new air interface, targets need to be set high enough to ensure that the system 

will be able to serve long in the future. A reasonable approach would be to aim at 

100 Mbps in full mobility wide area coverage and 1 Gbps in low mobility local 

area coverage with a next generation cellular system in about 2010 in standards 

Also, the future application and service requirements will bring new requirements 
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to the air interface and new emphasis on air interface design. One such issue, 

which already strongly impacts 3G evolutions, is the need to support IP and IP-

based multimedia, Honkasalo et al (2002).  

 

Figure 2.7 Wireless Networks Development Path, (Honkasalo et al, 2002) 

2.3.2 3G vs. Wireless Local Area Network (WLAN) 

In this section, a comparison between 3G and WLAN technologies is illustrated to 

highlight the key points in each one of them. Hence, this paves the way towards the 

thinking of the interworking between 3G and WLAN as shown in ZhengPing et al 

(2009). 
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Table 2.3 illustrates the basic key points as a comparison between 3G and WLAN 

technologies. However, other detailed comparisons between 3G and some 

particular WLAN technologies are illustrated in Tables: 2.3-2.6 

 

 

Table 2.3 3G vs. WLAN -Key point comparison  (ZhengPing et al, 2009). 
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Table 2.4 3G vs Wifi (ZhengPing et al, 2009). 

 

Table 2.5 3G vs Wimax (ZhengPing et al, 2009). 
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Table 2.6 3G vs Mobile Fi. (ZhengPing et al, 2009). 

Hence, from the previous illustrative comparisons mentioned above, it is very clear 

that the main key advantages of 3G are: the high mobility and high range. While, 

the high speed is the key advantage of WLAN. Figure 2.8 summarizes those key 

advantages.  
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Figure 2.8 Mobility vs. Data Rates for 3G & WLAN (Honkasalo et al, 2012) 

2.4 4G Networks 

As 3G networks undergo deployment and final standardization, attention is turning 

to the next generation of wireless networks. The 4G networks are expected to 

support a variety of personalized, multimedia applications such as multimedia 

conferencing, video phones, video/movie on demand, education on demand, 

streaming media, multimedia messaging. 

(James et al 2012) showed that 4G networks are expected to coexist and interwork 

with existing 2G and 3G mobile communication systems as well as satellite, 

wireless LAN (WLAN), and IEEE 802.16e (also known as Wireless MAN 

(WMAN) or WiMAX, all interconnected through the service provider IP backbone 

networks and the Internet as illustrated in  Figure 2.9 
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Figure 2.9 4G Network Environment (James et al, 2012) 

In this heterogenous network environment, in addition to the traditional challenges 

such as roaming, horinzontal handoffs, security, quality of service (Qos) support, 

charging and new challenges such as vertical handoffs, network choice and global 

roaming must be met with appropriate solutions. 

Handoffs and Handovers 

In 2G and 3G networks, only one type of handoff is needed, namely the horizontal 

handoff, which involves a terminal device to change cells within the same type of 

network (e.g., within a CDMA network) to maintain service continuity. In 4G 
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network environment, in addition to the horizontal handoff, the vertical handoff 

must also be supported. The vertical handoff  mechanism allows a terminal device 

to change networks between different types of networks (e.g., between 3G and 4G 

networks) in a way that is completely transparent to end user applications. Thus, 

the challenge is to allow vertical handoffs between pairs of different types of 

networks in the presence of 2G, 3G, WLAN, WMAN, satellite, and 4G networks. 

The greater challenge lies whenthe vertical handoffs must take place with a certain 

set of QoS requirements still satisfied.  

2.5 Summary 

Different discussion, visions, and comparisons of related issues in 3G and WLAN 

have been presented in this chapter. 

However, after having all the previous discussions, from now on the focus will be 

on the details of the interworking between 3G and WLAN as will be presented in 

the next chapters. 
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CHAPTER 5 

SUMMARY, CONCLUSION AND RECOMMENDATION 

This chapter deals with the summary of the study, conclusion and 

recommendations. 

5.1 SUMMARY 

In the previous chapters, the question of UMTS-WLAN and its interworking has 

been demonstrated. The focus was on the features, architecture, and evaluation of 

these internetworking technologies. 

The importance of UMTS-WLAN interworking comes to supply the need for 

public wireless access: to cover the demand for high data intensive applications 

and to enable smooth online access to corporate data services in hot spots. This is 

done by integrating both UMTS and WLAN together to utilize high mobility and 

high data rate key features together. 

Different UMTS-WLAN interworking architecture methodologies are introduced 

and studied. The main interworking methods are: the mobile IP method, the 

gateway method, and the emulator method. The performance of the interworking 

methods can be evaluated using several performance metrics. The metric used here 
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is the handover delay. These methods have been evaluated analytically and via 

simulation; based on handover delay. 

As a comparison, based on consequences of the analytical and simulated models, 

the mobile IP method has the highest handover delay, while the gateway method 

has lower handover delay and the emulator method has the lowest. Mobile IP 

method suffers from high handover delay since the handover occurs between two 

networks. The usage of gateway in the gateway method fastens the handover. 

However, in the emulator method, the handover occurs in the single UMTS 

network since WLAN is treated as any normal UMTS cell. These results are 

confirmed based on literature studies which show the same results for the 

interworking methods 

5.2 CONCLUSION 

This research provides an analytical model and a simulated model which can be 

used for evaluating the performance of UMTS-WLAN interworking method: 

mobile IP method, the gateway method, and emulator method.  

It also showed that from the handover aspect of internetworking its possible to 

internetwork WLAN networks with 3G networks and have smooth handovers with 

users not noticing when the switch networks. 
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5.3 RECOMMENDATIONS AND FUTURE WORK 

The used simulation model is not that much accurate but it gives an approximate 

estimation about the direction of the performance of the interworking methods. 

However, some further modification worth to be done in order to get more accurate 

results but this left as future work. There are still some open questions, which may 

be considered in future work since the subject of UMTS-WLAN interworking is 

still under study. For instance, one future task is to simulate the actual UMTS-

WLAN interworking method architectures: protocol, traffic model, hot spots etc in 

order to study the performance of the different iznterworking methods more 

accurately and from different aspects rather than only handover delay. 
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