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ABSTRACT 

GSM (Global System for Mobile communications) is an European standard for 

cellular communications developed by ETSI (European Telecommunications Standard 

Institute). GPRS is a set of new GSM bearer services that provide packet mode 

transmission within the GSM network and inter-works with external packet data 

networks. GPRS is a full digital system and is still an evolving standard that spans 

beyond telephony and circuit switched services. 

GPRS services are divided into two categories: Point-to-Point (PTP) and Point-to­ 

Multipoint (PTM) services. Possible PTP services include: data base access and 

information retrieval; the Internet; messaging and conversational services from user to 

user; credit card validation, etc. PTM services include: unidirectional distribution of 

information such as news and weather reports; conferencing services between multiple 

users,etc. 
A formal specification of GPRS has been written in LOTOS, covering the following 

functions: network access control, logical link management, packet routing and transfer, 

and mobility management. The abstract GPRS model considered is based on the 

following assumptions: the GPRS network is composed of four RAs (Routing Areas), 

each one having two cells; there are one SGSN (Serving GPRS Support Node) and one 

MSCNLR (Mobile Switching Center/Visitor Location Register) for each pair of RAs; 

there is one Hl.R (Home Location Register) in the network; and two GGSNs (Gateway 

GPRS Support Node) serve as connections to the external networks. 

The methodology adopted for validating the LOTOS specification combines concepts of 

testing and model-checking. Four test suites were identified (with a total of 35 tests), 

covering the following aspects: attach and detach procedures; PDP context activation and 

deactivation procedures; data delivery between MS and external network; routing update 

procedures and data delivery. The test processes were composed in parallel with the 

original LOTOS specification and the corresponding LTS models were generated using 

RTL and reduced using ALDEBARAN. For each test, the execution sequences leading to 
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may pass results have been extracted using EXHIBITOR and examined by translating 

them into MSCs (Message Sequence Charts). 
Several specification problems were detected using these validation techniques. 

The two main ones concern: Mobility Management state conflicts (packets that cannot be 

forwarded properly of the MS); and routing updates and data delivery conflicts (loss of 

data). 
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Introduction 

GPRS (General Packet Radio Service) is a step between GSM and 3G cellular 

networks. GPRS offers faster data transmission via a GSM network within a range 

9.6Kbits to l 15Kbits. This new technology makes it possible for users to make telephone 

calls and transmit data at the same time. (For example, if you have a mobile phone using 

GPRS, you will be able to simultaneously make calls and receive e-mail massages.) The 

main benefits of GPRS are that it reserves radio resources only when there is data to send 

and it reduces reliance on traditional circuit-switched network elements. 

With GPRS, an IP data transmission protocol, which is characteristic of computer 

networks, is being introduced to GSM. IP is a data transmission protocol which is used in 

Internet, the largest computer network in the world today. 

Main features of GPRS 
Before introduction of GPRS, the radio capacity was used for calls and data 

transmission within the GSM network in a rather inefficient way. For data transmission 

the entire channel was occupied and was thus insufficiently used. With the GPRS 

technology, the channel is used more efficiently owing to the possibility of more than one 

user sharing the same channel. GPRS telephones user several channels for data transfer 

thus facilitating greater transfer speeds. 

The GPRS infrastructure and mobile phones support a data transmission speed of up to 

13 .4Kbits per channel. 

GPRS signaling and data traffic do not travel through the GSM network. The 

GSM network is only used for table look up, in the Location Register (HLR and VLR) 

data bases, to obtain GPRS user profile data. 
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GPRS Telephone 
Owing to the fact that more than one channel is used for downlink, the GPRS 

mobile phones make possible greater data transmission speeds. There are several types of 

phones with regard to the number of channels they use for data transmission ... 

• Type 2+ 1 - two downlink channels and one uplink data transmission channel 

• Type 3+ 1 - three downlink channels and one uplink data transmission channel 

• Type 4+ 1 - four downlink channels and one uplink data transmission channel 

The GPRS mobile phones can be classified into the following three classes in terms of 

the possibility of simultaneous calls (via GSM) and data transmission (via GPRS). .. 

• Class A- Simultaneous calls (via GSM) and data transmission (via GPRS) 

• Class B - Automatic switching between the GSM and the GPRS mode is possible 

according to telephone settings. 

• Class C - Hand operated switching between the GSM and the GPRS mode 

Data Transmission Speeds 
The supported data transmission speed per channel is 13 .4Kbits. Depending on 

the type of phone, the following data transmission speeds are theoretically possible ... 

• Type 2+ 1: Receive 26. 8Kbits and send 13. 4Kbits. 

• Type 3+1: Receive 40.2Kbits and send 13.4Kbits. 

• ~ Type 4+ 1: Receive 53. 6Kbits and send 13. 4Kbits. 

The Network 
In the core network, the existing MSCs are based upon circuit-switched 

technology, and they cannot handle the GPRS style packet traffic. Thus two new 

components, called GPRS Support Nodes, are added: 

• Serving GPRS Support Node (SGSN) 

• Gateway GPRS Support Node (GGSN) 

The SGSN can be viewed as a "packet-switched MSC;" it delivers packets to mobile 

stations (MSs) within its service area. SGSNs send queries to home location registers 

(HLRs) to obtain profile data of GPRS subscribers. SGSN s detect new GPRS MSs in a 
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given service area, process registration of new mobile subscribers, and keep a record of 

their location inside a given area. Therefore, the SGSN performs mobility management 

functions such as mobile subscriber attach/detach and location management. The SGSN 

is connected to the base-station subsystem via a Frame Relay connection to the PCU in 

theBSC. 
GGSNs are used as interfaces to external IP networks such as the public Internet, other 

mobile service providers' GPRS services, or enterprise intranets. GGSNs maintain 

routing information that is necessary to tunnel the protocol data units (PDUs) to the 

SGSNs that service particular MSs. Other functions include network and subscriber 

screening and address mapping. One ( or more) GGSNs may be provided to support 

multiple SGSNs. More detailed technical descriptions of the SGSN and GGSN are 

provided in a later section. 

Security 
GPRS security functionality is equivalent to the existing GSM security. The 

SGSN performs authentication and cipher setting procedures based on the same 

algorithms, keys, and criteria as in existing GSM. GPRS uses a ciphering algorithm 

optimized for packet data transmission. 

Network Protocols Used 

There are several protocols used in the network equipment. These protocols 

operate in both the data and signaling planes. The following is a brief description of each 

protocol layer: 

• Sub-Network Dependent Convergence Protocol (SNDCP): the protocol that maps 

a network-level protocol, such as IP or X.25, to the underlying logical link 

control. SNDCP also provides other functions such as compression, segmentation 

and multiplexing of network-layer messages to a single virtual connection. 

• Logical Link Control (LLC): a data link layer protocol for GPRS which functions 

similar to Link Access Protocol - D (LAPD). This layer assures the reliable 

transfer of user data across a wireless network. 
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• Base Station System GPRS Protocol (BSSGP): BSSGP processes routing and 

quality of service (QoS) information for the BSS. BSSGP uses the Frame Relay 

Q. 922 core protocol as its transport mechanism. 

• GPRS Tunnel Protocol (GTP): protocol that tunnels the protocol data units 

through the IP backbone by adding routing information. GTP operates on top of 

TCP/UDP over IP. 
• GPRS Mobility Management (GMM): protocol that operates in the signaling 

plane of GPRS and handles mobility issues such as roaming, authentication, and 

selection of encryption algorithms. 

• Network Service: protocol that manages the convergence sub-layer that operates 

between BSSGP and the Frame Relay Q.922 Core by mapping BSSGP's service 

requests to the appropriate Frame Relay services. 

• BSSAP+: protocol that manages paging for voice and data connections and 

optimizes paging for mobile subscribers. BSSAP+ is also responsible for location 

and routing updates as well as mobile station alerting. 
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1. FEATURES AND APPLICATIONS OF GPRS 

1.1 Overview 

General packet radio service (GPRS) gives GSM subscribers access to data 

communication applications such as e-mail, corporate networks, and the Internet using 

their mobile phones. The GPRS service uses the existing GSM network and adds new 

packet-switching network equipment. See Figure 1. 

1.2 How GPRS Works 

GPRS uses packet switching to transfer data from the mobile device to the 

network and back. This provides significant benefits. On a packet-switched network, a 

device can be always connected and ready to send information without monopolizing the 

data channel. Channels are shared in packet switched networks, but in circuit-switched 

networks each channel is dedicated to only one user. Therefore, that user has to pay for 

the exclusive use of the channel. Another benefit of packet switching is that there are no 

call setup or suspend delays. 

The mobile device can begin sending packets immediately whenever it is used. By 

overlaying the GSM network, GPRS is able to take advantage of the world's leading 

digital phone system, with a global subscriber base of over 646.5 million and growing 

(GSM Association, 01/02). GSM service is available in more than 150 countries and has 

become the de facto standard in Europe and Asia. It operates on the 900 and 1800 MHz 

frequency bands in Europe and Asia Pacific and 1900 MHz in North America. In the near 

future, North American operators will also begin using the 850 MHz frequency band for 

GSM/GPRS. GPRS improves on the data transmission capability of GSM while using the 

existing voice transmission capability. Users can have high quality voice conversations 

using circuit switched data up to 14 .4 kbps and transfer data using packet switched GPRS 
at up to 53.6 kbps (85.6 kbps with advanced wireless networks). 
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GTP Tunneling Protocol 

Figure 1.1 GPRS Network 

1.3 Applications for GPRS 

A wide range of corporate and consumer applications are enabled by no voice 

mobile services such as SMS and GPRS. This section will introduce those that are 

particularly suited to GPRS. 

1.3.1 Chat 

Chat can be distinguished from general information services because the source of 

the information is a person with chat whereas it tends to be from an Internet site for 

information services. The "information intensity"- the amount of information transferred 

per message tends to be lower with chat, where people are more likely to state opinions 

than factual data. In the same way as Internet chat groups have proven a very popular 

application of the Internet, groups of likeminded people- so called communities of 

interest- have begun to use no voice mobile services as a means to chat and communicate 

and discuss. 

Because of its synergy with the Internet, GPRS would allow mobile users to participate 

fully in existing Internet chat groups rather than needing to set up their own groups that 

are dedicated to mobile users. Since the number of participants is an important factor 

determining the value of participation in the newsgroup, the use of GPRS here would be 

advantageous. GPRS will not however support point to multipoint services in its first 
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phase, hindering the distribution of a single message to a group of people. As such, given 

the installed base of SMS capable devices, we would expect SMS to remain the primary 

bearer for chat applications in the foreseeable future, although experimentation with 

using GPRS is likely to commence sooner rather than later. 

1.3.2 Textual and Visual Information 

A wide range of content can be delivered to mobile phone users ranging from 

share prices, sports scores, weather, flight information, news headlines, prayer reminders, 

lottery results, jokes, horoscopes, traffic, location sensitive services and so on. This 

information need not necessarily be textual- it may be maps or graphs or other types of 

visual information. 

The length of a short message of 160 characters suffices for delivering information when 

it is quantitative- such as a share price or a sports score or temperature. When the 

information is of a qualitative nature however, such as a horoscope or news story, 160 

characters is too short other than to tantalize or annoy the information recipient since they 

receive the headline or forecast but little else of substance. As such, GPRS will likely be 

used for qualitative information services when end users have GPRS capable devices, but 

SMS will continue to be used for delivering most quantitative information services. 

Interestingly, chat applications are a form of qualitative information that may remain 

delivered using SMS, in order to limit people to brevity and reduce the incidence of 

spurious and irrelevant posts to the mailing list that are a common occurrence on Internet 

chat groups. 

1.3.3 Still Images 

Still images such as photographs, pictures, postcards, greeting cards and 

presentations, static web pages can be sent and received over the mobile network as they 

are across fixed telephone networks. It will be possible with GPRS to post images from a 

digital camera connected to a GPRS radio device directly to an Internet site, allowing 

near real-time desktop publishing. 
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1.3.4 Moving Images 

Over time, the nature and form of mobile communication is getting less textual 

and more visual. The wireless industry is moving from text messages to icons and picture 

messages to photographs and blueprints to video messages and movie previews being 

downloaded and on to full blown movie watching via data streaming on a mobile device. 

Sending moving images in a mobile environment has several vertical market applications 

including monitoring parking lots or building sites for intruders or thieves, and sending 

images of patients from an ambulance to a hospital. Videoconferencing applications, in 

which teams of distributed sales people can have a regular sales meeting without having 

to go to a particular physical location, is another application for moving images. 

1.3.5 Web Browsing 

Using Circuit Switched Data for web browsing has never been an enduring 

application for mobile users. Because of the slow speed of Circuit Switched Data, it takes 

a long time for data to arrive from the Internet server to the browser. Alternatively, users 

switch off the images and just access the text on the web, and end up with difficult to 

read text layouts on screens that are difficult to read from. As such, mobile Internet 
browsing is better suited to GPRS. 

1.3.6 Document Sharing/ Collaborative Working 

Mobile data facilitates document sharing and remote collaborative working. This 

lets different people in different places work on the same document at the same time. 

Multimedia applications combining voice, text, pictures and images can even be 

envisaged. These kinds of applications could be useful in any problem solving exercise 

such as fire fighting, combat to plan the route of attack, medical treatment, advertising 

copy setting, architecture, journalism and so on. Even comments on which resort to book 

a holiday at could benefit from document sharing to save everyone having to visit the 

travel agent to make a decision. Anywhere somebody can benefit from having and being 

able to comment on a visual depiction of a situation or matter, such collaborative working 

can be useful. By providing sufficient bandwidth, GPRS facilitates multimedia 

applications such as document sharing. 

4 




