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Albert Mombarg 

This report looks into the developments in mobile communica
tion in the (near) future. The focus of the report lies on the year 
2003. Currently, services for mobile telephony are especially 
designed for the mobile network and provided by the mobile 
network operator. Service provisioning will evolve into a service 
network fully separated from the access network. This means 
that other parties besides the network operator can develop and 
provide services. The main idea behind this conclusion is that a 
dynamic and extensive 3rt! party service provider market is a 
prerequisite for the success of 3rd generation networks. Only the 
existence of a vast number of services addressing all kinds of 
niche-markets will yield the mass market required to earn back 
the huge UMTS investments. Most of these services benefit from 
making use of information/control inside the network operator 
domain (location information, user profile information, etc). 
Operators should therefore aim at providing third parties with the 
necessary interfaces and gain profits from the added value of 
the delivered network information/control. Since location 
information is considered to be one of the main benefits network 
operators possess, this report will focus on location based 
services for third parties. 
To enable 3rd parties to have access to network specific 
information, the network operator needs to provide interfaces for 
these parties. To make this possible and to maintain full control 
of the network elements, a middleware layer will be installed. 
This layer can be regarded as a service architecture that shields 
the 3rd party of network specific protocols and provides a 
standardised interface to the 3rd parties. The aim of this study is 
to develop the service architecture. 
In this report, a background study of GPRS, UMTS and mobile 
pOSitioning is described to obtain in-depth knowledge about the 
underlying technologies for location based services. This report 
presents a design methodology based on Component Based 
Development techniques. In this methodology, the Unified 
Modeling Language (UML) is used as the notation language. 
The service architecture consists of a number of components. 
The interfaces for each component will be defined. The design is 
optimised for re-use of components. In order to find the 
requirements for location based services, an example service is 
worked out. 
• The Enhanced Observed Time Difference (E-OTD) 

localisation method is able to localise users with a high 
accuracy and relatively low measurement delay. The impact 
on the UMTS network is low. 

• The Open Service Architecture enables a Network Operator 
to facilitate third party services. 

• The deSign methodology introduced in this presentation is a 
helpful guideline for deSigning complex systems. 

• The service architecture designed in this presentation is 
capable of faCilitating third party location based services. It 
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can easily be extended to facilitate other third party services. 
Recommendations • KPN Mobile should install a Cell-ID technique in the current 

GSM/GPRS network. For UMTS E-OTD is preferred. 
Depending on the handset developments, it is worth 
considering installing Assisted GPS. 

• KPN should gain more experience with the design 
methodology described in this report. This will result in a 
better understanding of the design steps. The Component 
Based Development approach enables re-use of service 
components, which results in a shorter time-to-market and a 
less expensive service creation process. 

• KPN Research should implement and test the architecture to 
provide a proof of concept. 
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This report is the final deliverable of a graduation project on service architectures for 
mobile telephony. The graduation project was performed within the context of the project 
"Service Architectures". The author is an Electrical Engineering student at the Eindhoven 
University of Technology faculty Electrical Engineering. Information and Communication 
Systems group. The project was performed at KPN Research in Leidschendam, The 
Netherlands. 

Currently the second-generation (2G) mobile telephony systems are available in most 
countries and its number of users is booming. In Europe GSM 900 and GSM 1800 are 
widely accepted. Other standards are PCS (Japan) and D-AMPS (North America). 
Services for mobile communication have been mostly voice related, but recently new 
Internet based services based on the Wireless Application Protocol (WAP) have been 
introduced. These services provide (limited) access to the Internet and are expected to 
become more and more important in the near future. 

Leading investment houses like the Durlacher Corporation [19] have predicted that mobile 
communication in future will be mostly data communication. whereas voice 
communication will take up only a small part. The current mobile networks are not 
optimised for data transmissions. In data communication. packet switched transportation 
provides more efficient use of the network. Therefore new techniques have been 
developed. The General Packet Radio Service (GPRS) has emerged into a standard for 
transporting packetised data for GSM. GPRS. in its first release. will be on the market 
very soon. It requires changes to the GSM Core Network (CN). The GSM Radio Access 
Network (RAN) will be the same. GPRS will be discussed in chapter 2. 

2G systems for mobile telephony differ greatly. There has been a need for an overall 
system for mobile communication all over the world. In 1987 the first concept for such a 
system was launched called UMTS (Universal Mobile Telephony System). Chapter 2 will 
cover UMTS and conclude with the migration path from GSM to the introduction of UMTS 
in the year 2002. UMTS as a third generation (3G) mobile system will open up the market 
for new services. The system will provide high bandwidth to its users; therefore 
Multimedia services (e.g. audio. video) will be feasible. 

This report describes an architecture for location based services. A user's location can be 
determined using network resources. The easiest way is to find out in which cell the user 
resides. The accuracy of this method depends on the size of the cells. In rural areas. cells 
can have a diameter up to 15 km. More accurate positioning can be realised by 
measuring the time it takes a signal to travel from the base station to the mobile terminal. 
The pOSition of a mobile terminal can be even more accurately measured using the 
Global POSitioning System (GPS). All these methods are described in chapter 3. 

Service provisioning will also change drastically with UMTS. The concept of a separate 
network in which services can be created freely has been launched not long ago. It is 
inspired by the Internet service provisioning model (e-services). This has lead to a new 
view on service provisioning for mobile communications. The concept of e-services is that 
a company provides the service to all people that have access to the Internet All this 
company needs are the resources to provide the service and access to that same 
Internet. This concept of service provisioning is not possible in the current mobile 
network. while the NO is the only party that owns the resources. Therefore. the NO is 
currently the only party that can provide services that make use of these elements. 
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The Third Generation Partnership Project (3GPP) has defined the Open Service 
Architecture [16]. This is an architecture that enables third parties to provide services to 
mobile subscribers. The architecture will 'open up' the NO's network and provide 
interfaces to third parties. These interfaces provide the third party with network specific 
information, which it needs to provide its services (e.g. a user's location, phone number). 
In this approach the resources are still owned by the NOs. The new view on service 
provisioning and the OSA specifications will be described in chapter 4. 

The goal of this report is to design a service architecture that is capable of handling third 
party location based services. Since this is a rather complex design process, there is a 
need for a design methodology. One of the most basic needs in a design methodology is 
the definition of a design language. In this report the Unified Modelling Language (UML) 
will be used. The design methodology will be introduced in chapter 4; it is based on 
existing software design methodologies. 

Finally, chapter 5 will illustrate the design of a service architecture for third party location 
based services. The design includes the functional design of the architecture as well as a 
first glance into possible implementations. 
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The mobile network of the (far) future is still undefined. There are some technologies 
though that have emerged, and these will be the standards for the next ten years. This 
chapter describes two emerging technologies that are currently accepted as the next step 
after GSM. The General Packet Radio Service (GPRS) will be covered first. The next step 
is a completely new network, the Universal Mobile Telephony System (UMTS). The 
introduction of GPRS includes a new core network. UMTS adds functionality to this core 
network and it also introduces a new radio access network. The first section will describe 
the evolution of mobile telephony into the 3rd Generation (3G) system. 

2.1 The 3G Telephony System 

As said before UMTS will be the third generation of mobile communication systems. The 
first generation mobile systems, which were first introduced in the early 1980s, were 
analogous systems, e.g. NMT (Nordic Mobile Telephony). These systems were all 
confined to one country and each country had its own specific mobile telephony system. 
The terminals used all had a unique number, which was used for identification of the 
terminal. 

The second-generation systems were digital and they were supported by a number of 
countries. The most well known and widely spread 2G mobile system is GSM. At first 
GSM only provided voice services, later on also other services like SMS (Short Message 
Service), Voicemail and calling line indication (CLI) were introduced. GSM also changed 
the identification method by introducing the Subscriber Identity Module (SIM). This card 
contains all information needed to access the mobile network. The SIM also has storage 
capacity for personal information. The network operator (NO) will identify subscribers 
based on the SIM; therefore a user can use whatever terminal it wants. GPRS is part of 
the Digital Cellular Telecommunications System Phase 2+. It uses the GSM radio access 
network, but the core network will be extended with a packet-switched part to handle data 
transfers more efficiently. 

The original goal of UMTS, the third generation telephony system, was to integrate fixed 
and mobile communications. Therefore UMTS will combine satellite, 2G mobile and fixed 
telephony systems. To be able to build a widely accepted standard, all standardisation 
institutes have to join forces. But also, because it is a 'universal' system, there needs to 
be a lot of roaming between countries and Network Operators (NOs). The subscriber 
must be able to access all services from its terminal; therefore the terminals need to 
change too. 

The concept of a universal system also resulted in a cell structure in which five types of 
cells are distinguished. The smallest, the Home cell and Pico cell cover a subscriber's 
home premises and a couple of blocks respectively. A Micro cell covers a residential area 
(e.g. a city), whereas the Macro cells operate on a regional scale, rural areas. The 
biggest cells are the satellite cells, which cover large areas like seas, mount~in ranges or 
deserts. The next figure demonstrates how these five types of cells relate. 
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Figure 1 UMTS cell structure 

The integration of mobile and fixed communication systems is still a long way ahead; 
therefore the current UMTS specifications describe the 3G mobile communication 
system. 

With the evolution of mobile telephony systems, the data rates also increase rapidly. The 
following table shows the bitrates available for data transmissions for all systems on the 
path from GSM towards UMTS. The table also shows the type of connection used. 

Table 1 The path from GSM towards UMTS 

System When Maximum bitrate Connection 
GSM 1996 9.6 kbitls Circuit-switched 
HSCSD 1996 57.6 kbits Circuit-switched 
GPRS 2000 >100 kbitls Partly packet-switched 
EDGE 2001 384 kbitls Partly packet-switched 
UMTS 2005 2 Mbitls Packet-switched and Circuit-switched 

2.2 GPRS 

The General Packet Radio Service was introduced in 1998. According to the GPRS 
Release 2000 [1], GPRS should 'allow the service subscriber to send and receive data in 
an end-to-end packet transfer mode, without utilising network resources in circuit 
switched mode'. This means that for data transmission the packet-switched part of the 
core network will be used and the circuit-switched part will handle all voice 
communication. 

Figure 2 shows the GPRS reference model. 

MS Mobile Station 
G i Interface to IP Network 
UnflJu User interface to mobile AN 

GPRS Data Network 

Gj ............................ . 

External 
Data Network 

Figure 2 The GPRS Reference Model 

The figure shows the G; reference point. This point represents the interface from the 
GPRS packet domain to other (external) Packet Data Networks (PONs), e.g. the Internet. 
The Urn or Uu is the radio link between the Mobile Station and the GPRS Core Network. 
GPRS defines two types of bearer services, Point-to-point (PTP) and Point-to-multipoint 
(PTM). All services offered by the NO will be based on network protocols supported by 
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these bearer services. For data transmissions, GPRS recognised three types of data 
traffic: bursty data transmissions, frequent transmissions of small volumes of data and 
frequent transmission transmissions of large volumes of data. For each type. the network 
decides how much bandwidth will be granted. There are 8 times lots available in each 
TDMA frame for each channel; the access network appoints a number of timeslots to 
each connection. This implicates that GPRS users have to share the available bandwidth. 

GPRS supports three types of terminals on which: 

Class-A: packet-switched (GPRS) services and other (circuit-switched) services are 
supported simultaneously, 

Class-B: both kinds of service are supported, but not simultaneously, 

Class-C: only one of the services is supported. 

To be able to access packet-switched services, an MS first has to perform an attach. The 
MS will then be registered in the Serving GPRS Support Node (SGSN). When an MS 
wants to send or receive data it activates a PDP context (Packet Data Protocol). This 
operation will make the MS known with the corresponding Gateway GPRS Support Node 
(GGSN) and the flow of data can be started. This procedure will be explained further on. 

2.2.1 GPRS Logical architecture 

The following figure displays the logical architecture for GPRS, including all its 
components. 

Signalling Interface 

Signalling and Data Transfer Interface 

Figure 3 GPRS Logical architecture 

The SGSN supports GPRS for GSM and it serves a Mobile Station (MS). It maintains 
information about the location of the MSs and it performs security functions and access 
control. The SGSN will establish the PDP context, which will be used for the data 
transmission between the GGSN and the subscriber. The Gb interface connects the 
SGSN to the GSM access network, I.e. the GPRS Base Station System (BSS). The 
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GGSN handles interworking with external packet-switched networks. The routing 
information for the PDP packets is stored in the GGSN. The SGSN and GGSN are 
mutually connected with the Gn interface; the physical connection can be realised using 
an I P-based backbone network. 

The HLR (Home Location Register) contains information about all subscribers 
(International Mobile Subscriber Identity (IMSI), identity key (Kj), VLR number, MSC 
number). The GGSN can request location information from the HLR, e.g. VLR number. 
The Equipment Identity Register (EIR) stores information about the mobile equipment 
(MSs). The MSCNLR (Mobile Switching CentreNisitor Location Register) can be used to 
co-ordinate packet-switched and circuit-switched services more efficiently. Finally, the 
upper part of the architecture is used to support Short Message Service (SMS). 

2.2.2 User and control planes 

The GPRS user plane is a protocol stack providing user information transfer as well as 
the transfer control procedures (e.g. error detection, error correction, flow control) for this 
information. GPRS supports both IP and X.25, therefore all data transport between the 
GPRS support nodes is tunnelled. This tunnelling protocol, GTP-U (GPRS tunnelling 
Protocol for the user plane), encapsulates all PDP Packet Data Units (PDUs). The 
transport protocol used to transport the GTP PDUs across the network can be either TCP 
or UDP. For reliable transport TCP is used (e.g. for X.25). 

Application I I 

1P IX.25 IP I X.25 

I ~~ SNDCP SNDC GTP-U GrP-U 

ILC ILC UDPI UDPI 

~l~ 
TCP TCP 

RLC RLC SSGP BSSGP 
1P IP 

MAC MAC Network Network 12 12 
Service Service 

GSMRF GSMRF Llbis Llbis L1 L1 

G; 
MS BSS SGSN GGSN 

Figure 4 GPRS user plane 

The information flow between the SGSN and the MS needs to optimised for the 
(sub)network. Therefore the SubNetwork Dependent Convergence Protocol (SNDCP) 
maps the network-level characteristics onto the characteristics of the underlying network. 
For more information about SNDCP, see GSM 04.65 [2]. The LLC (Logic Link Control) 
provides a reliable ciphered link between the SGSN and the MS. The LLC is specified in 
GSM 04.64 [3]. The BSSGP (Base Station System GPRS Protocol) exchanges routing 
and OoS information between the BSS and the SGSN, but it does not perform error 
correction. BSSGP is specified in GSM 08.18 [4]. The Network Service layer transports 
the BSSGP PDUs. Network Service is based on a Frame Relay connection between the 
BSS and SGSN, optionally including multiple hops. Network Service is specified in GSM 
08.16 [5]. 

The RLC (Radio Link Control) sets up a reliable radio link between the BSS and the MS 
depending on radio characteristics. The MAC (Medium Access Control) layer performs 
access-signalling control. It can request or grant access to a radio channel. It also maps 
LLC frames onto the GSM physical channel. RLC/MAC is defined in GSM 04.60 [6]. The 
GSM RF (Radio Frequency) is defined in the GSM 05 series. Figure 4 shows the GPRS 
user plane as described above. 

The GPRS control plane consists of the protocols used to provide control and support for 
the user plane functions. The following functions need to be controlled: 
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• Controlling the attributes for an established network access connection (activating 
PDP addresses), 

• Controlling the routing path of an established network connection (user mobility). 
• Controlling the assignment of network resources. 

The figure below portraits the GPRS control plane (MS to SGSN). 

GMMlSM 

u.c 

RLC ~~ RLC SSGP BSSGP 

MAC MAC Network Network 
Service Service 

GSMRF GSMRF Llbis Llbis 

MS BSS SGSN 

Figure 5 Control plane MS - 2G-SGSN 

The GPRS Mobility Management and Session Management (GMM/SM) protocol supports 
mobility management functionality such as GPRS attach, GPRS detach, security, routing 
area update. location update. PDP context activation. and PDP context deactivation. 
Mobility management means that the SGSN keeps track of the current position of the MS 
in the network, but also in other networks. Packet routing and transfer and the PDP 
context functions require some more attention and are described below. 

2.2.3 Packet routing and transfer 

In GPRS a user can subscribe to one or more PDP addresses. These addresses are 
described by one or more PDP context(s) in the MS, SGSN and GGSN. A Traffic Flow 
Template (TFT) can be assigned to each PDP context, containing the routing information. 
A PDP context can exist in two states, indicating if data transfer is enabled for that 
address or not. 

In INACTIVE state, data service for that PDP address is not possible. The PDP context 
contains no routing or mapping information for that address. Location changes are not 
updated in the PDP context. In this state mobile-terminated PDP PDUs, PDP packets that 
are sent to the MS, can cause network-originated PDP context activation initiated by the 
GGSN. These PDUs can also invoke error procedures relevant to the external protocol. 
The PDP context state changes to ACTIVE when the MS starts the PDP context 
activation procedure. 

In ACTIVE state, the PDP context(s) for a certain PDP address will be activated in the 
MS, SGSN and the GGSN. The context contains routing and mapping information for the 
PDP PDUs to flow between the MS and the GGSN. The PDP ACTIVE state is permitted 
only for mobility management states STANDBY and READY. The PDP context state will 
change to INACTIVE in case of a deactivation procedure. 

2.2.4 PDP context activation 

PDP context activation starts with an Activate PDP Context Request (1) from the MS to 
the SGSN. This message contains among other things the PDP address, the PDP type, 
Access Point name and the PDP configuration options. Certain OoS profiles can also be 
specified in the 'a oS Requested' field. An empty PDP address field means that the MS 
requires a dynamic PDP address. A dynamic PDP address is assigned to an MS when its 
PDP context is active. MSs can also have permanent (fixed) PDP addresses. The 
network operator (NO) assigns the PDP addresses. PDP types are: IP, X.2S, PPP or 
IHOSS:OSP. The (optional) Access Point field contains a logical name to a reference 
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point to an external network and/or service. If the MS requires extra functionality from the 
GGSN, it can use the PDP Configuration Options field. 

The next step (2) is to ensure a secure connection. This Security Function embraces: 

• Authentication and service request validation, 
• User identity confidentiality, 
• Data and signalling confidentiality. 

Validation of the PDP Context Activation Request by the SGSN is based on the PDP 
Type, PDP Address and the Access Point Name. From the information sent by the MS in 
the activation request, the SGSN must be able to derive a GGSN address. If not, the 
request will be rejected. When an address can be derived, the SGSN creates a Tunnel 
Endpoint Identifier (TEID). The TEID is a combination of the IMSI and the NSAPI 
(Network layer Service Access Point Identifier). 

The SGSN will now send a PDP Context Creation Request (3) to the GGSN. The GGSN 
will then create a new entry in its PDP context table and attach a Charge I D to it. This 
new entry will allow the GGSN to route PDP PDUs between the SGSN and the external 
network. The GGSN will also verify whether the requested OoS can be provided and it 
will determine the actual level of OoS. If the requested OoS level is incompatible with the 
PDP context being activated, the GGSN will reject the Create PDP Context Request. The 
GGSN will then return a Create PDP Context Response to the SGSN. As long as the 
PDP context is in ACTIVE state, the GGSN can modify the PDP parameters. 

A BSS can be supplied with information about the packet flow to one MS. This 
information is stored in a BSS Context. A SSS context can contain several BSS Packet 
Flow Contexts; the SGSN assigns a packet flow identifier to these packet flow contexts. 
The types of packet flow differ in the level of OoS, e.g. best-effort data. 

The last action in the process is the Activate PDP Context Accept (5). The SGSN inserts 
the NSAPI along with the GGSN address in the PDP context. The PDP address will also 
be included if the MS requested a dynamic address. 

1-=3:.:,.. =:C~rea~te~P~D~P~~lu Request 

~~~~~~~xtResponse 

Activate PDP P_ • .J._ .... Accept 

Figure 6 PDP context activation procedure 

2.2.5 PDP context modification 

Both the MS and the GGSN can request to modify the PDP context parameters that were 
negotiated during the PDP activation process. The SGSN can also decide to modify 
certain parameters, mostly when it is triggered by the network, e.g. by the HLR. The 
following five parameters can be modified: 

• OoS Negotiated, 
• Radio Priority, 
• Packet Flow Id, 
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• PDP Address, 
• TFT (Traffic Flow Template). 

When the GGSN or the MS initiates the PDP context modification, it first sends an Update 
PDP Context Request to the SGSN. The SGSN makes the necessary decisions about the 
validity of the requested modifications and will then forward this message to the MS or 
GGSN respectively. The receiving side will acknowledge the requested modification by 
sending a PDP Context Modification Accept. If it doesn't accept the modifications, it 
deactivates the PDP context. The procedure ends, if the request was accepted, with the 
Update PDP Context Response to the initiating party. 

If the SGSN decides to modify the PDP context parameters it starts with sending an 
Update PDP Context Request to the GGSN (1). The GGSN will reject or accept the 
request based on the compatibility with the level of OoS requested. Depending on this 
response from the GGSN (2), the SGSN adapts the original modification request and 
sends the (updated) Modify PDP Context Request to the MS (3). The MS acknowledges 
the request by sending the Accept. Similarly to the GGSN-originated modification request, 
the MS will deactivate the PDP context if it cannot comply with the modification request. 
Figure 7 shows this procedure. 

PDP Response 

3. Modify PDP '-lV.llLv,/U 

4. Modify PDP '-'I"' .. "' .... Accept 

Figure 7 SGSN-inltiated PDP Context Modification procedure 

2.2.6 PDP context deactivation 

The MS, SGSN and the GGSN can initiate deactivation of the PDP context, as with the 
modification procedure. The figure below shows the MS-initiated procedure. 

1-:3:: . ..:D~e~le~te~P~D~P~~~AL Request 

I..it..:D~e!::le:::te~P~D~P~=~AL Response 
Accept 

Figure 8 MS-initiated PDP Context Deactivation procedure 

The MS' first message requests the deactivation of the PDP context (1). Security 
functions (2) are optional, for more information see paragraph 2.2.4. The SGSN sends a 
Delete PDP Context Request to the GGSN (3). The MS can also request to deactivate all 
PDP Contexts for one PDP address by including a Teardown Ind with the initial request. 
This Teardown Indwill also be included in the Delete PDP Context Request. The GGSN 
will then delete the requested PDP context(s) and send back a Delete PDP Context 
Response (4). The procedure ends with the Deactivate PDP Context Accept (5) from the 
SGSN to the MS. 
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When the SGSN initiates the deactivation procedure. the SGSN first sends a Delete PDP 
Context Request (3) to the GGSN. The GGSN will delete the requested context(s) and 
respond back to the SGSN. The SGSN now sends a Deactivate PDP Context request to 
the MS (inverse of 1). The MS removes the context(s) and returns with the Accept 
(inverse 5). 

An GGSN-initiated deactivation procedure starts with a Delete PDP Context Request to 
the SGSN (inverse 3). The SGSN sends a Deactivate PDP Context Request to the MS 
and the latter removes the requested context(s). The MS responds with a Deactivate PDP 
Context Accept to the SGSN. Finally, the SGSN sends the Delete PDP Context 
Response, after which the GGSN deletes the context(s). 

The deactivation procedures described before are started explicitly by the initiating 
elements. Deactivation can also be started implicitly. If the READY timer expires, the 
SGSN will initiate the Anonymous Access deactivation procedure. Also, in case of misuse 
of anonymous context, the GGSN will commence the Anonymous Access deactivation. 
For more information, see [7J. 

2.2.7 Mobility Management Functionality 

The SGSN keeps track of a subscriber's state. In GPRS there are three defined states 
IDLE, STANDBY and READY. Each state describes a certain level of functionality and 
information allocated. The state is independent of the number of PDP contexts for the 
subscriber. 

2.2.7.1 Mobility Management States 

IDLE State 

IDLE state means that the subscriber is not attached to the GPRS mobility management. 
Both the MS and the SGSN contain no routing information for the subscriber. This means 
that for GPRS the MS is not reachable. Therefore data transmission to and from the 
subscriber is not possible. To enable data transmissions, the MS has to perform a GPRS 
attach. 

STANDBY State 

In STANDBY State, the subscriber is attached to the G PRS mobility management. 
Sending and receiving data is not possible, but pages (for data) or signalling information 
can be received. In this state, the Routing Area (RA) and GPRS cell selection are 
performed locally on the MS. The MS will inform the SGSN when it enters a new RA, but 
not about changes in cells within the RA. The MS can initiate the PDP context activation 
or deactivation process in this state. The PDP context has to be activated before data can 
be exchanged. Whenever an SGSN want to send data to an MS in STANDBY state, it 
first has to send a Paging Request in the known RA. The Paging Proceed Flag (PPF) in 
the SGSN has to be set for this request to be sent. The state in the MS will change to the 
READY state if the MS responds to the Paging Request. The SGSN will also change to 
the READY state when it receives the response from the MS. Both the MS and the SGSN 
will also change to the READY state when the MS initiates the data transfer. Once the 
data transfer is finished, both the MS or the network can initiate the GPRS Detach 
procedure to move to the IDLE state. The SGSN can perform this procedure implicitly 
when the mobile reachable timer expires. 

READY State 

In the third state, the READY State, the SGSN contains the same mobility management 
context as with the STANDBY state. extended by the subscriber's cell information. The 
MS performs the GPRS cell selection, but this also may be controlled by the network. For 
more information about the cell identification procedure, see [4J. While in READY state, 
the MS can activate or deactivate PDP contexts. The mobility management context will 
remain in the SGSN, even if the subscriber is not sending or receiving data. When the 
READY timer expires, though. the context will move from READY to IDLE state by the 
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GPRS Detach procedure. The following tables summarise the state transitions for both 
the MS and the SGSN. For more information about GPRS' mobility management. see [7]. 

Table 2 Mobility management state transitions of MS 

GPRS Detach 

PDU Transmission 

Table 3 Mobility management state transitions of SGSN 

GPRS Detach 

Implicit Detach PDU Reception 

2.2.7.2 Mobility Management Timer Functions 

READY timer 
Force to STANDBY 

There are several mobility management timer functions. The most important are listed 
below. 

• READY Timer function 
The READY timer is kept in the MS and the SGSN, it controls the time the MS is 
READY. The timer will be started once the first LLC PDU is transmitted (MS) and 
received (SGSN). When the timer expires both the MS and the SGSN return to the 
STANDBY state. The length of the timer is normally set by default, but can be altered 
by the SGSN only. The MS will be forced into the STANDBY state if the READY timer 
is set to zero. The opposite is also possible; if the timer is set to all 1 's, the MS will 
remain in the READY state. 

• Mobile Reachable Timer function 
This function monitors the RA update procedure in the SGSN. The timer is stopped 
when the SGSN enters the READY state, it will be reset and started when it returns 
to the STANDBY state. If it expires, the SGSN clears the PPF, which causes the 
SGSN to stop sending GPRS paging messages. The PPF is set when an MS first 
registers in an SGSN or when the SGSN detects MS activity. 

2.2.7.3 Attach Function 

An MS has to attach itself to the SGSN. to be able to use packet-switched (PS) services. 
The MS provides its identity and the type of attach required in the attach procedure. The 
identity is the IMSI or the MS's Packet Temporary Mobile Station Identifier (P-TMSI). The 
types of attach are GPRS attach and combined GPRS/IMSI attach. Identification on the 
RLCIMAC layer is done with a Temporary Logical Link Layer Identifier (TLLI). local or 
foreign. If the MS wants to perform an IMSI attach and is already GPRS attached; the 
local or foreign TLLI is used. If not, the foreign TLLI will be used or a random TLLI if the 
MS has no valid p. TMSI. The MS will enter the READY state after successfully 
completing the GPRS attach procedure. The MS can then activate PDP contexts. After 
completing an IMSI attach, the MS will only be able to operate in class-C mode, see 
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section 2.2 For a complete overview of the GPRS attach procedure combined with an 
IMSI attach, see [7] section 6.5.1. 

Paging messages for both circuit-switched (CS) and PS services are sent across the 
same channel, i.e. the GPRS traffic/paging channel. In order to co-ordinate this paging, 
G PRS distinguishes three network operation modes: 
• Network operation mode I: the CS paging messages for a GPRS-attached MS are 

sent on the GPRS paging channel or on a GPRS traffic channel. The MS only has to 
monitor one paging channel. 

• Network operation mode II: the CS paging messages for a GPRS-attached MS are 
sent on the CCCH (Common Control Channel), this channel is also used for GPRS 
paging. The MS only has to monitor the CCCH, unless GPRS opens a separate 
packet data channel. 

• Network operation mode III: the CS paging messages for a GPRS-attached MS are 
sent on the CCCH channel and the GPRS paging messages will be sent on the 
packet paging channel (if allocated) or on the CCCH channel. The MS has to monitor 
both paging channels if it wants to receive pages for both CS and PS services. This 
implicates that there's no paging co-ordination by the network. 

Table 4 summarises the GPRS network operation modes. 

Table 4 GPRS network operation modes 

The network will operate in mode I if the G$ interface is present (see Figure 3 for 
reference). In this case all MSC originated paging will go via the SGSN, and thus allowing 
paging co-ordination. The SGSN will co-ordinate paging based on the IMSI, it will be 
provided in both the READY and STANDBY state. When the Gs interface is not present, 
the MSC originated paging will go via the A-interface; the SGSN will not be used and 
therefore paging co-ordination is not possible. The network can operate in either mode II 
or mode III. 

2.2.7.4 Detach function 

The PS detach function can be initiated by the MS, which indicates that it doesn't want to 
use PS services any longer. It can also be initiated by the network, indicating that a MS is 
not allowed to use PS services any more. There are three types of detach, CS detach, PS 
detach and combined PS/CS detach. The latter can only be initiated by the MS. As with 
the PDP deactivation procedure, the MS can be detached explicitly or implicitly. When the 
network detaches the MS implicitly, the MS is notified. In case of an explicit detach, a 
Detach Request will be sent to the MS. 

The MS can make a CS detach by sending a Detach Request to the SGSN, indicating a 
CS detach. This can also be done in combination with a PS detach. A MS that is not PS 
attached can make a CS detach as defined in GSM. When the MS wants to detach from 
the SGSN, it starts the procedure by sending a Detach Request to the SGSN. This 
message includes the Detach Type and the P-TMSI. The P-TMSI will be used to verify 
the request. Figure 9 shows the entire detach procedure. 
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1. Detach 

Figure 9 MS-rnitiated detach procedure 
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In case of a PS detach, the SGSN will send a Delete PDP Context Request to the GGSN 
to deactivate the active PDP context. With a CS detach the SGSN sends an IMSI Detach 
Indication to the VlR. The SGSN will send a GPRS Detach Indication when it wants to 
remain CS attached, yet performing a PS detach. This message also lets the VlR know 
that it has to handle paging and location updates, without going through the SGSN. 
Finally, the SGSN sends a Detach Accept to the MS. 

The SGSN can also initiate the detach procedure, but only for PS services. The SGSN 
starts with sending a Detach request to the MS, this way the MS knows it has been 
detached. The PDP context will be deactivated on the GGSN. The GPRS Detach 
Indication will be sent if the MS was both CS- and PS-attached. Again, this message 
indicates that the VlR will handle paging and location updates without the SGSN. The 
MS will send a Detach Accept any time after the Detach Request. 

2.3 UMTS 

The Universal Mobile Telecommunications System is the European part of the IMT2000 
(21 st century International Mobile Telecommunications) standard. IMT2000 is also known 
as the third generation of mobile systems. The European Telecommunications Standards 
Institute (ETSI) has introduced the UMTS standard. Besides UMTS, IMT2000 also 
includes other standards. The radio access part of UMTS will be discussed in the next 
section. The sections covering the UMTS core network will only describe the significant 
changes in the GPRS core network. 

2.3.1 UMTS Logical architecture 

In the last section it has already been mentioned that the UMTS Core Network (CN) 
strongly resembles the GPRS CN. Figure 10 shows the UMTS logical architecture. There 
are some additional functional elements, which are described below. The biggest change 
in the entire architecture is the UMTS Terrestrial Radio Access Network (UTRAN). The 
next paragraph will give a complete overview about this part of the network. 

All relevant charging information from the GGSNs and the SGSNs is collected by the 
Charging Gateway Function (CGF). It is connected with the GPRS support nodes through 
the Ga interface. The CGF transfers the charging information to the NO's Billing System 
(8S). The CGF can be a separate, centralised part of the network; but its functionality can 
also reside distributed on the SGSNs and GGSNs. The CGF collects GPRS Call Detail 
Records (CDRs) and stores the CDRs temporarily before it transfers these to the BS. 
Storing CDR information is necessary in case of real-time CDR collection. The CFG can 
also perform additional proceSSing such as filtering or prioritising CDRs in order to 
optimise the charging. For more information about the CGF and about GPRS charging, 
see [8J. 
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Figure 10 UMTS Logical architecture 

2.3.2 UMTS Terrestrial Radio Assess Network (UTRAN) 

The UTRAN contains a number of Radio Network Subsystems (RNSs). These RNSs are 
connected to the CN through the lu interface. A RNS can be the access part to the UMTS 
core network, but it can also be a full network on itself. In its first role it only has to 
allocate and release certain radio resources. The second role will become clearer further 
on. The RNS consists of a Radio Network Controller (RNC) and one or more abstract 
entities called Node B. Node Bs are comparable to the BTSs in GSM. The Illb interface 
connects a Node B to the RNC. Figure 11 shows the RNS functional architecture. 

l--------------------- --------------------~ 

l RNS Iur 

l RNC 
I , 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

NodeB NodeB 

I ______ ------------------------------------~ 
Figure 11 RNS Architecture 

The RNC controls the radio resources and handles the handover decisions that require 
signalling to the MS. The RNC can also contain functionality to manage the combining or 
splitting of Node Bs. A Node B is a logical node that handles radio transmission and 
reception to and from the MS. It can support Time Division Duplex (TDD) or Frequency 
Division Duplex (FDD) mode, or both (dual mode). The lur interface interconnects the 
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RNCs. This logical interface can be conveyed over a physical direct connection or via any 
transport network. The same holds for the lu interface. 

An RNS can take two roles, it can operate as a Serving RNS (SRNS) or a Drift RNS 
(DRNS). There is a SRNS for each MS in a connection with the UTRAN. This SRNS is in 
charge of the radio connection and it operates the lu interface. A DRNS will assist the 
SRNS if a cell controlled by this RNS is needed, e.g. when a user moves to another cell. 
The role of a RNS is established for each connection separately. 

The MS can have a dedicated connection. The CN will use this dedicated connection to 
reach the MS. The UTRAN will have a context containing the routing information for this 
connection. Only the MS can initiate a dedicated connection. The context contains 
location information from the MS, this can be detailed (cell level) or more general (several 
cells). Less detailed location information will minimise the number of location update 
messages. In the case where the MS does not have a dedicated connection, the MS can 
be reached through a notification message. This message can contain a request for a 
dedicated connection. 

The UTRAN performs all radio specific procedures. Cell level mobility will therefore be 
handled within the UTRAN. It also implicates that the cell layout need not be known 
outside the UTRAN. Soft handover, handovers without (temporarily) losing the connection 
between the MS and the UTRAN, are therefore also handled by the UTRAN. The UTRAN 
does not contain any permanent location registers for the MS. When a dedicated 
connection is established, temporary registers are kept, but they are released as soon as 
the connection is cancelled. 

2.3.3 The lUI lur and lub interfaces 

The lu interface will be used by the UTRAN for all communication with the UMTS CN. 
Therefore it is agreed upon to define a set of common radio access bearer services that 
will be offered to the CN. Also there will be a functional split between the UTRAN and CN 
nodes (SGSN, MSC, etc.). The protocol used over the lu interface is ATM (Asynchronous 
Transfer Mode) according to ITU-T recommendation 1.361. 

Handovers between RNSs are also carried over the lu interface. These inter RNS 
handovers are hard handovers, meaning that all connections between the CN and the 
RNS will first be cancelled before the connection to the new RNS will be established. The 
handovers are used to relocate the SRNS functionality to another RNS. For more 
information about the lu interface, see [9]. 

The lur interface connects a SRNS to a DRNS. It facilitates a number of functions like 
inter-connecting RNSs from different manufacturers, separation of Radio Network and 
Transport Network functionality, and support of lu interface services. The basic 
functionality of the lur interface can be divided in Transport Network management and 
Traffic Management for both common and dedicated channels. Again, ATM is the 
standard protocol used over the lur interface. For more information about the lur interface, 
see (10). 

The lub interface connects the RNCs with the Node Bs. It should facilitate inter-connecting 
RNCs and Node Bs from different manufacturers and separate the Radio Network 
functionality from the Transport network functionality. Therefore the lub interface offers 
standardised user data transport, signalling and Node B logical Operation and 
Management. For more information about the lub interface, see [11]. 

2.3.4 UMTS User and control planes 

The UMTS user plane is not that different from the GPRS user plane where it concerns 
the Gn interface. The biggest difference is that it supports more transport protocols and 
that routing user data and control signalling can be handled by either UDP or IP between 
the SGSN and GGSN and between the UTRAN and SGSN. As described before, ATM is 
used ovei the lu interface; therefore the ATM Adaptation Layer S (MLS) provides support 
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for this protocol. ATM divides the transmitted data into fixed-size cells of 53 octets. This 
data will be multiplexed and transmitted. 

The tunnelling protocol (GTP-U) also encapsulates the data between the UTRAN and the 
SGSN. This protocol is described in [12]. Another big difference is the Packet Data 
Convergence Protocol (PDCP). This protocol provides transparency for higher-layer 
protocols. PDCP supports a number of transport protocols like PPP, asp, IPv6, etc. 
Figure 12 shows the UMTS user plane. 
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Figure 12 UMTS user plane 

Control between the MS and the 3G-SGSN is handled by the RNS as described in the 
previous paragraph. The protocols used are shown in the figure below. 

GMMf I GMMf 
SM/SMS I SMfSMS 

~~ RRC I RRC AP RANAP 
I 

RLC I RLC SCCP . SCCP 

! MAC I MAC Signalling Signalling 

I Ilearer Bearer 
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I 
. 

ATM I ATM 
u. 

MS RNS 3G SGSN 

Figure 13 UMTS control plane MS - 3G SGSN 

The signalling bearer is still undefined, but can be any bearer supported by the RNS and 
the SGSN (e.g. IP). Signalling Connection Control Part (SCCP) is used to support 
signalling messages between the CN and the RNS. Radio Access Network Application 
Part (RANAP) is a function of SCCP. RANAP manages the GTP connections on the lu 
interface. A signalling connection is set up for each active MS, by establishing a SCCP 
connection. The RNC or the CN can initiate the SCCP connection. If signalling is no 
longer required for a certain MS, the CN will release the SCCP connection. A RANAP 
message is included in the SCCP connection establishment. The UMTS mobility and 
session management (GMM/SM) is the same as for GPRS. SMS handles the mobile
originated and -terminated short messages services. 

2.3.5 Relay function 

Relaying PDUs means that the network transfers the PDUs from the incoming link to the 
appropriate outgoing link. For UMTS, the relay functionality is located in the RNC. the 
SGSN and the GGSN. This means that all PDUs are stored temporarily until they are 
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forwarded or until the maximum holding time has been reached. In the last case, the 
PDUs are discarded. 

2.3.6 PDP Context Activation, Modification, and Deactivation procedures 

The PDP activation procedure for UMTS is basically the same as the procedure for 
GPRS. The only difference is in the radio access part (UTRAN). The next figure shows 
the UMTS PDP activation procedure. The similarity with Figure 6 can be seen easily. The 
GPRS Security Functions and BSS Packet Flow Context Procedures are replaced by the 
UTRAN Radio Access Bearer Setup. 

2. Radio Access Be 
~ ............. -........... --....... -.. . .......... _ .......... _ ...... _._ .. . 

3. Create PDP Cant t Request 

3. Create PDP Cant xt Response 

Figure 14 UMTS PDP Context Activation procedure 

The Radio Access Bearer (RAB) Assignment procedure consists of three steps: 

1) The SGSN sends a RAB Assignment Request to the RNC to establish, modify, or 
release one or more RABs. 

2) The RNC witt establish, modify, or release the RAB. 

3) The RNC sends a RAB Assignment Response to the SGSN stating the status of the 
request. 

The same changes hold for the PDP Context Modification procedures for UMTS with 
respect to the GPRS procedures. The PDP Context Deactivation procedure, however, is 
significantly different. In GPRS, see Figure 7, the BSS is not involved in the deactivation 
process, whereas with UMTS, the RAB stilt needs to be released after the PDP context 
has been deleted. 

2.3.7 PDP Context Preservation Procedures 

Preservation procedures allow an active PDP context to re-establish an earlier released 
RAB, without modifications in the CN. The UTRAN can release RABs in two ways, via the 
RAB Release procedure and the lu Release procedure. In the first case, the UTRAN 
sends a RAB Release Request to the SGSN, which in turn will send the RAB Assignment 
Request; indicating the release. The radio bearer(s) witt then be released and the UTRAN 
will end with sending a RAB Assignment Response for each released RAB. In case of an 
lu release, the UTRAN starts with sending an lu Release Request. The SGSN witt respond 
with an lu Release Command. The Radio Resource Control (RRC) connection will now be 
released and the UTRAN sends an lu Release Complete to the SGSN. 

The RAB can now be re-established by sending a Service Request. This procedure will 
be described later on in this section. 
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For UMTS a different set of mobility management states has been defined than for 
GPRS. There are three states, PMM-DETACHED, PMM-IDLE, and PMM-CONNECTED. 
In the first state, there is no communication between the MS and the SGSN. This means 
there is no up-to-date location and routing information for the MS in the SGSN or MS. It 
also means that the MS is not reachable by the SGSN. In order to establish contact with 
the MS, the MS has to perform the GPRS Attach procedure. The state will then change to 
PMM-CONNECTED in both the MS and the SGSN. There also needs to be PS signalling 
connection, i.e. a RRC connection and an lu connection. 

In the PMM·IDLE state the SGSN knows the RA of the MS. The MS can be paged if it 
needs to be reached. The MS will perform the necessary RA updates, it will also change 
to PMM-CONNNECTED state when a PS signalling connection is established. The GPRS 
Detach procedure changes the state to PMM-DETACHED. 

In the third state, the PMM-CONNECTED state, the SGSN is being kept up-to-date with 
information about the MS' serving RNC. The location of the MS will then be tracked by 
this SRNC. If the PS Signalling connection is released or the SGSN detects a failed 
downlink transfer, the state changes to PMM-I OLE. The MS will enter this last state when 
its PS signalling connection is released or lost. 

The tables below show the state transitions for the MS and SGSN respectively. 

Table 5 Mobility management state transitions for the MS 

Detach 
GPRS Attach. 

Table 6 Mobility management state transitions for the SGSN 

Implicit Detach 
PS Signalling 

Release 

GPRSAttach 

GPRSAttach 

SRNC Relocation 

The mobility management timers for UMTS are the same timers as for G PRS, except for 
the READY Timer. That function is only used in GPRS. The UMTS Attach procedure is a 
combined GPRSlIMSI Attach. This is basically the same procedure as for GPRS. but of 
course all radio links are handled by the UTRAN. The GPRS attached MS will make an 
IMSI attach via the SGSN. Authentication of a UMTS subscriber during the attach 
procedure is described in [13]. The user's identity is stored in the Radio Network 
Temporary Identity (RNTI). This identity is only used for identification between the MS 
and the UTRAN. The p. TMSI, see section 2.2.7.3, identifies the connection between the 
MS and the SGSN. The relationship between the IMSI and the RNTI is known in the 
UTRAN and the MS, whereas the relationship between the IMSI and the P-TMSI is 
known in both the MS and the SGSN. 

The network can only operate in two modes: Mode I where a Gs interface is present and 
Mode II where a Gs interface is not present. The Gs interface carries pages from the 
MSCNLR to the SGSN. It can also be used to transport location Information between the 
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SGSN and the MSCNLR. Based on the mode of operation, the network can choose to 
attach to CS or PS services or support both services. The UMTS network operation 
modes correspond to the GPRS modes I and II. 

2.3.9 Service Request Procedure 

In UMTS it is possible to request a certain QoS level, e.g. for a secure connection. This 
can be done with the Service Request Procedure. This procedure will then set up a 
secure connection between the MS and the SGSN. The MS can initiate the procedure in 
either PMM·IDLE or PMM·CONNECTED state. In the last case, the MS wants to reserve 
resources for active PDP contexts. The network can also request a secure connection to 
an MS when it receives PDUs for an MS. The basic procedure starts with establishing an 
RRC connection between the MS and the RNC. For the network initiated procedure, 
some paging from the SGSN to the MS precedes the RRC connection set·up. 

The Service Request contains, among other things, the Service Type and the P·TMSI. 
The Service Type indicates the requested service; possible types are 'Signalling' or 
'Data'. The SGSN will perform the security functions and sets up the Radio Access 
Bearer. The SGSN will also initiate a PDP Context Modification Procedure for each re· 
established RAB to suit the QoS requirements. 

2.4 From GSM towards UMTS 

The next figure shows the migration from GSM to UMTS in time. 

GSM Radio 
Access Network 

2000 

GSM 
Core Network 

Figure 15 Migration path from GSM towards UMTS 

PSTNIISDN 

Internet 

The migration process basically embraces two major steps. The first step is from Circuit· 
Switched to Packet·Switched. Therefore a GPRS core network has to be built as was 
described in section 2.2.1. This step has the biggest impact on the service architecture. 
The second step is introducing the UMTS radio access network (UTRAN). This involves a 
tremendous amount of fieldwork and therefore this step will take some time to be 
realised. The UTRAN will eventually also be connected to the GSM core network, so CS 
services can still be supported. Also, GSM will be supported until 2010 and connections 
between UMTS and GSM terminals must also be possible. 

2.5 Summary 

In this chapter the evolution of mobile communication was described. G PRS will be the 
first milestone on the path from 2G systems to the first 3G system (UMTS). The packet· 
switched part of the GPRS core network was introduced together with set·up procedure 
for data transmissions. The introduction of UMTS conveys the installation of a new radio 
access network, the UTRAN. The UMTS core network evolves from the GPRS core 
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A MS is continuously connected to the mobile network when switched on. Therefore is it 
possible to determine the location of the mobile handset. The current geographical 
location of a mobile terminal can be measured using a number of techniques. In this 
section three techniques are presented that are currently included in the UMTS standards 
for Location Services (LCS). The location techniques can be distinguished by accuracy, 
performance and complexity. Therefore these three aspects will be discussed explicitly. 

3.1 CelllD 

The mobile network is made up of cells, and each cell has its own identification called 
"Cell 10". The location solutions based on this Cell 10 are able to answer to a client's 
location request with the 10 of the cell where the mobile handset is located. The Cell 10 
information is normally not given directly to the requester, but it is translated to a more 
specific format like latitude/longitude (XY- co-ordinates), zipcode, etc. of the 
corresponding cell. The accuracy of Cell 10 methods depend on the cell size, which may 
range from 50 m (picocells) to 10 km in sparsely populated areas. Cell 10 solutions are 
classified under two groups: terminal based and network based. 

3.1.1 Terminal based solutions 

In this case, most of the modifications needed to implement the solution take place in the 
terminal. The most popular of these solutions is based on the 0408 report, which is 
generated by the terminal each time a speech or signalling connection is made. The 
report contains the following information 1: 

• Timing Advance 
• Field intensity and 10 of the terminal's cell 
• 6 cells with more intense field in the neighbourhood 
• 10 of the neighbours (frequency and 10) 

The problem is how to send this report from the terminal to the Mobile Location Centre 
(MLC) placed in the network. In case there is an open connection, the 0408 report is 
automatically sent to the network. However, the report is sent to the BSC, but the MLC is 
normally attached to the MSC. The standard interface between the BSC and MSC does 
not support sending these reports, and a possible adjustment of this interface would not 
be easy in case of a multivendor network. When there is no open connection, the report is 
stored on the SIM card. 

A possible solution is to fetch the 0408 report from the SIM card using the SIM 
Application Toolkit (SAT), a standard that allows the network operator to implement new 
services on the mobile terminal. Using the SIM Toolkit, the location process works as 
follows: a client makes a request to the MLC for the location of a user. This Server sends 
an SMS with the location request to the mobile terminal at issue. The terminal reacts to 
this SMS sending back another SMS to the MLC with the requested information extracted 
from the 0408 report. The MLC processes this information, together with cell layout 
databases, and gives as result the position of the user (Cell 10, latitude/longitude, 
zipcode, etc.). 

1 This information could be used to implement other location techniques, but in this section only the cell 10 
information will be considered. 

Albert Mombarg 37/106 



ICSIEB 751 Third Party Location Based Services 
December 2000 

Figure 16 illustrates the complete location procedure explained above. The conversion or 
matching between CelilD and XY- co-ordinates or zipcode is normally confidential 
information for the mobile network operator. Therefore, the MLC is part of the NO domain. 
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(1) • 

... 
MNODomain 

(2) 

User Location Server 

(1): The user sends a request to the Locati on Serv..-: Where is the mobile pbone wb ose numb..- (owner) i. 06 12345678 (Mr. Janssen)? 
(2) and (3): The Location Serv..- sends via SMS the request to tbe mobile pbone: In whi cb cell are you located? 
(4) and (5): The mobile phone looks in the 0408 report stored ID tbe SIM for tbe ~11 ID information and send. It back t o the Locati on 
Serv..-. 
(6): The Location Server converts the Cell ID of the mobil e pbone into XfY coordinate s, postcode, etc uring the Cell Databas e. 
(7): The Location Server sends tbe location infonnati on to the requester in the form of Cell ID, XfY coordin ate., postcode . . 

Figure 16 Terminal-based location request 

3.1.2 Network based solutions 

Contrary to the terminal based solutions, the network based solutions need minimum 
changes in the terminal, or even no changes at all. The network solution described here 
is based on CAMEL2 (Customised Applications for Mobile Network Enhanced Logic), and 
needs no changes at all in the terminal. In this case, the user makes a location request 
for a mobile user (Mr. Janssen). The MLC uses the Any Time Interrogation feature from 
CAMEL (Stage 1) to ask the HLR for the CelilD of the user. The HLR returns the CelilD 
of the user, which is stored in the VLR. 

The main problem of this solution is that the CelilD information stored in the VLR is only 
updated while the user is calling. The case explained in the previous paragraph is called 
Passive Location. For the case that the mobile terminal does not hold a communication, a 
semi-call setup is carried out so that the information in the VLR is updated. Then, using 
CAMEL, the CelilD information is retrieved as in the previous case. This is called Active 
Location. Figure 17 illustrates the complete location procedure for the Passive Location 
procedure. It can be observed that the terminal does not play any role in the whole 
location process. 

2 CAMEL (Customized Applications for Mobile Network Enhanced Logic) makes it possible to offer Intelligent 
Network (IN) services when roaming. CAMEL is being standardised in phases, the first of which is being tested 
now. 
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(2): Using Any Time Interrogation (CAMEL). the Location Server asJc.s the BLR for the Cell ID of the mobile terminal. 
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Figure 17 Network-based location request (Passive Location) 

3.1.3 Pros and Cons 

For both network and terminal based solutions, the accuracy of the Cell 10 location 
systems is very low, depends highly on the mobile network configuration. An advantage 
of the network based solutions is the easy implementation, because only minor 
adjustments in the network are necessary. The SIM Application Toolkit is necessary in 
the mobile phones to implement terminal based solutions. The advantage is then that no 
adjustments are necessary in the network. 

For both terminal and network based solutions, a problem exists when converting the Cell 
10 information to co-ordinates, zipcode, etc. This translation is generally considered 
confidential by the mobile network operator, therefore the MLC must be in the MNO 
domain to be able to consult the databases. In other solutions, for instance those using 
GPS, this problem does not exist because the geographical location can be directly 
extracted. 

3.1.4 Existing solutions 

CeliPoint (http://www.cellpt.coml) is working with two solutions: a terminal based solution 
(SIM Toolkit) and a network based solution using Any Time Interrogation (CAMEL). 

3.2 E-OTD 

Enhanced Observed Time Difference (E-OTD) is a network specific solution. It makes use 
of the difference in arriving times from signals from at least three neighbouring BTSs 
(Node Bs) measured in the MS. The BTS' beacon signal is used as a reference signal. To 
ensure reliable measurements, the BTSs have to be synchronised. Current BTSs are not 
synchronised; another option is to use pseudo synchronisation. In that case the Real 
Time Differences (RTDs) between the BTSs are measured and known in a Location 
Measurement Unit (LMU); this data will also be used for determining the location. 

Based on the measurements, the MS can calculate its position relative to the BTSs. To 
be able to calculate its exact geographical position the location of the BTSs and LMUs 
also need to be known. Combining all data and calculating the actual position of the MS 
can be done in the MS itself or in the network, i.e. Mobile Location Centre (MLC). In the 
first (MS based) approach, the MS needs to have the processing power to determine the 
position. Also, in case of pseudo synchronisation a number of LMUs need to be installed 
in the network. The MS assisted approach requires no additional processing power in the 
MS, but a MLC has to be installed in the network. In both approaches a software update 
is needed in the MS, to enable the measurements. The following figures show both 
approaches. 
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Figure 18: E-OTD MS based approach 
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Figure 19: E-OTD MS assisted approach 

A Serving MLC (SMLC) handles the positioning for an MS, the Gateway MLC (GMLC) 
can be contacted from outside the mobile network to obtain a user's location information. 
For more information regarding the network architecture, see section 3.4.2. 

3.2.1 Location calculation 

There are two types of position calculation, the hyperbolic and the circular. Both types will 
be briefly discussed below. 

3.2.1.1 Hyperbolic 

The OTD is the timing interval, observed by the MS, between received bursts from the 
BTSs. The RTD is the timing difference between the BTSs relative to the LMU. The 
Geographical Time Difference (GTD) is the actual time difference between the reception 
of two bursts due to geometry. The distance between BTS 1 and the MS is d1 (see figure 
below). The GTD for BTS 1 and 2 will then be (d2 - d1)/v. Where v is the speed of radio 
waves. The relationship between the three quantities is: OTD = RTD + GTD. 

40/106 Albert Mombarg 



Third Party Location Based Services 
December 2000 

Figure 20 Hyperbolic E-OTD location calculation 
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By keeping a constant GTO value, the location of the MS (relative to two BTSs) is a 
hyperbola. The MS can now be located by determining the intersection of the hyperbolas 
between all sets of BTSs. The figure also shows the measurements margins in yellow. 
These margins define the accuracy of the location method. 

3.2.1.2 Circular 

In circular location calculation, the arrival times of the signals received from the BTSs will 
be measured separately. This calculation type doesn't measure time differences. 

~i{v) 
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Figure 21 Circular E-OTD location calculation 

Five quantities have to be taken into account: 
• The Observed Time (OT) at the MS (MOT), measured against the internal clock. 
• The OT at the LMU (LOT), measured against the LMU's internal clock. 
• The time offset E between the LMU and the MS. 
• The geometrical distance from the MS to the BTS (OMB). 
• The geometrical distance from the LMU to the BTS (OLB) 
The relationship between these quantities is: OMB - OLB = v(MOT- LOT + E) 

This equation has to be solved for at least three BTSs and results in the circles shown 
above. The MS can be located in the region defined by the intersection of the circles with 
their margins. 

3.2.2 Accuracy 

The location of an MS can be determined with an accuracy of 50-125m. Signal reflections 
due to buildings, etc. have a strong negative effect on the accuracy. Some parts of the 
signal may follow a different path, thus arriving with a delay. The MS will think the signal 
travelled a longer distance. This effect is called the multipath effect. There are several 
algorithms that can (partly) remove the error due to the multipath effect. Pseudo 
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synchronisation enlarges the chance for errors in the measurements, and therefore 
lowers the accuracy. The usage of more reference BTSs will lead to a higher accuracy. 

3.2.3 Realisation 

As shown in the figures above, a number of elements have to be added to the network. 
Currently, the BTSs are not synchronised; pseudo synchronisation will therefore be used. 
In that case, one LMU needs to be installed for every three to five BTSs. The MSCs have 
to be upgraded too, so that the location information can be requested, transferred and 
stored. Last but not least, all MSs have to be upgraded or replaced. 

3.2.4 Pros and Cons 

E-OTD uses the BTS' beacon frequency, which is sent periodically. This means that for 
the MS based approach, the location can be determined at all times, when the MS is idle 
or during a call. The location information will be transferred when the MS is in idle mode. 
For the MS assisted approach, the location can only be determined after the MS has sent 
the measurement data to the MLC. A disadvantage is that there can be a delay between 
the request for the location and the reception of the location data. The MS has to wait for 
the periodical bursts of the three BTSs. Determining a location will typically take 5 
seconds, which can make it very hard to locate a MS at high speed. Another 
disadvantage is that all MSs need to be upgraded. E-OTD uses SMS or SMS Broadcast 
to transmit the location and measurement data. Currently the total SMS capacity has 
almost been reached, leading to delays. SMS as a bearer is therefore not favourable. 

3.2.5 Existing systems 

There are two companies that have existing systems that use E-OTD: 
• AlcateVSymmetricon 
• Nokia 

3.3 A-GPS 

The Global Positioning System (GPS) is a world-wide radio-navigation system funded 
and controlled by the U.S. Department of Defence. GPS is formed from a constellation of 
24 satellites that are used as reference points to calculate positions in three dimensions, 
velocity and time. 

The satellites orbit the earth in 12 hours. There are 6 equally spaced orbital planes, with 4 
satellites orbiting on each plane at an altitude of 20.200 km as shown in Figure 22. The 
orbit altitude is such that the satellites repeat the same track and configuration over any 
pOint approximately each 24 hours. This result of this constellation is that at any point on 
earth 4 to 8 satellites are visible at any time. 
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Figure 22: GPS Nominal Constellation 

3.3.1.1 PPS and SPS 

ICS/EB 751 

There are two systems available for positioning. The Precise Positioning System (PPS) is 
used by U.S. and Allied military, certain U.S. government agencies, and selected civil 
users specifically approved by the U.S. government. This system allows 22 m horizontal 
accuracy, 27.7 meter vertical accuracy and 200 nanosecond time accuracy. 

For all other civil users, the Standard Positioning Service (SPS) was available world-wide 
without charge until 1 May, 2000. In SPS, the accuracy was intentionally degraded by the 
Department of Defence by the use of Selective Availability (SA). SA was a bias on the 
satellite signals that is different for each satellite, and is changing over time. The 
predictable accuracy of SPS was 100 meter horizontal accuracy 156 meter vertical 
accuracy and 340 nanoseconds time accuracy. Since 1 May 2000, the SA has been 
removed from the satellite signals, therefore, now PPS is available for all civil users. 

3.3.1.2 O-GPS 

Differential GPS (D-GPS) is a technique to correct bias errors, including SA. The idea is 
that bias errors are corrected at the user's location with use of the measured bias errors 
at a known position. In this technique, fixed reference receiver points (for example, the 
base stations) compute corrections for each satellite signal. D-GPS implementations 
require an application in the reference receivers that can track all satellites in view and 
calculate corrections for each satellite. 

3.3.2 Location calculation 

Users of the GPS system must have a receiver and a converter that converts the satellite 
signals into XY- co-ordinates. GPS can be used in telephony systems to determine the 
position of mobile users. The solutions differ from each other in the location where the 
position calculations take place. 

3.3.2.1 Mobile centric (Stand-alone) 

In the stand-alone solution, all calculations take place in the MS. If the device does not 
have approximate knowledge of its position (cold start-up) determining its position takes 
between 2 to 30 minutes. If some information is known beforehand, then location 
determination takes 30 to 60 seconds. Calculating the position at regular intervals can 
ease this problem and reduces the calculation time to 10 to 22 seconds. However, this 
approach takes extra power of the mobile device. Another problem is that in this way, the 
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O-GPS can not be used, so that accuracy remains low. Notice that if the user is moving, 
the long calculation time may result in even lower accuracy. 

3.3.2.2 Network-based 

In the network based GPS, the position calculations take place at a central pOint in the 
network. The mobile device has to detect the GPS signals and forward this data to the 
Mobile Location Centre (MLC) where the position is calculated. With the aid of reference 
points the O-GPS method can be used. In this case, correction data does not have to be 
sent to the mobile device. 

3.3.2.3 Network-assisted GPS 

This is a hybrid solution, shown in Figure 23. The network collects GPS Assist information 
from the reference points (this is the data used for error corrections in the O-GPS 
method). This data is then sent to the MS. All position calculations take place in the MS. 
The calculated position is again sent back to the MLC in the network. 
In this technique, minimal changes are done to the network, and the best potential 
accuracy is achieved. However, handsets must be upgraded or replaced, and the size 
and the energy consumption of the new devices are increased. 

GPS Assist information 
collected by the network 

Network assist information is 
transmitted to the MS 

'. 
". '. 

" . 

GPS position information is 
transmitted to the network 

Wireless 
etwork 

.J;. ........ . 

. . 
............. . ............. 1:::' t 

~ f";;' 
...... 

-~ ..-

GMLC/SMLC 

Figure 23 A-GPS 

3.3.3 Accuracy 

GPS position fix is 
determined by the 
MS (with network 
assistance) 

There are a number of error sources that influence the accuracy, the most important are 
listed below. 

Tropospheric and ionospheric delays: 0 -11 meters error. The troposphere is the 
lower part (ground level to from 8 to 13 km) of the atmosphere that experiences the 
changes in temperature, pressure, and humidity associated with weather changes. The 
ionosphere is the layer of the atmosphere from 50 to 500 km that consists of ionised air. 
In models of tropospheric and ionospheric delay estimates or measurements of these 
parameters are used. 

Multipath effect: 0 - 0.5 meters error. The multipath effect is caused by reflected signals 
from surfaces near the receiver that can either interfere with or be mistaken for the signal 
that follows the straight line path from the satellite. Multipath effect is difficult to detect and 
sometimes hard to avoid. 
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Clock error / measurement noise / orbital data: 0 - 4 meters error. Clock drifts may result 
in a 1 m position error. The orbital data of the satellites is updated hourly. Measurement 
noise both in the satellite signals as well as in the receiver can cause 2 m position errors. 

Dilution of Precision: If the user picks satellites that are close together in the sky the 
intersecting circles that define a position will cross at very shallow angles as shown in 
Figure 24. That increases the grey area or error margin around a position. 

Figure 24 Close satellites result in low accuracy 

If the satellites used are widely separated the circles intersect at almost right angles and 
that minimizes the error region as shown in Figure 25. Good receivers determine which 
satellites will give the lowest GDoP (Geometric Dilution of Precision). 

Figure 25 Far standing satellites result in high accuracy 

Fortunately, the D-GPS system can essentially remove these errors, except for some 
measurement errors and the multipath effect. The accuracy of D-GPS is thereby 1 - 5 
meters. 

3.3.4 Pros and Cons 

The GPS system is very accurate; with D-GPS it can provide 1 to 5 meter precision. It 
works worldwide, therefore investments in the network can be extended to outside of The 
Netherlands. However, GPS is funded and supervised by the U.S. government who has 
the right to deny access to it. 

In case the calculations take place in the mobile devices, they must be upgraded, and 
their power consumption and size would increase. The necessary network upgrades 
include the installation of reference points and an MLC. 

3.3.5 Existing Systems 

The following companies offer GPS systems: Ericsson, Nokia, SnapTrack, Tendler. 

3.4 Location Services (LCS) - Network Architecture 

To enable the described location techniques, the network needs to be modified. The next 
sections will briefly discuss the functional description of the location procedure and the 
network architecture for the GSM and UMTS networks. 

3.4.1 LCS services - Functional Description 

The LCS model identifies two parties, an LCS client and an LCS server. The LCS client 
contains a client handling component, which can consist of a number of clients. The 
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clients use the Location Client Functions (LCFs) to interface with the LCS server. The 
LCS server consists of four components, each component contains a number of 
functions. The figure shows how the components and functions interrelate. For each 
component, a brief description of the functions is given below. 

• 

• 

• 

• 

Subscriber handling component 
Location Subscriber Authorisation Function (LSAF): 
authorise location request, verify subscription 
Location Subscriber Privacy Function (LSPF): 
privacy related authorisation 
System handling component 
LMU Mobility Management Function (LMMF): 
maintain LMU status, register LMUs in SMLC, LMMF 
applies only to type A LMUs 
Location System Control Function (LSCF): 
coordinate location requests, allocate network 
resources, perform call set-up if necessary 
Location System Billing Function (LSBF): charging 
and billing for LCS, collect charging information 
Location Client Control Transformation Funstion 
(LCCTF): conversion of location estimates into a 
specified format 
Location System Operations Function (LSOF): 
provide data, positioning capabilities, client data, 
subscription data, validation, fault and performance 
management 
Location System Broadcast Function (LSBcF): 
broadcast capability for E-OTD or A-GPS 
Client handling component 
Location Client Control Function (LCCF): manage 
interface towards LCF, request verification and 

LCS Client 

Client handling component 

1 LCfl1 LCF,II LCF,I ...... _.1 Lc~1 

LocatJon Service Request Location Service Respons. 

ResoLWces: 
GSM protocols 

-+ 

LCS Server 

Figure 26: LCS capability 

authorisation through LCAF, mobility management for LCS, check QoS of result, flow 
control of requests, generate charging and billing data for LSBF 
Location Client Authorisation Function (LCAF): provide access and subscription 
authorisation to a client 
Positioning component 
Positioning Radio Control Function (PRCF): co-ordination and scheduling of 
positioning resources (e.g. PSMF, PCF), determines the positioning method based 
on QoS requirement and MS capabilities 
Position Radio Assistance Function (PRAF): support for PRCF for radio co
ordination, induce postioning signals from MS or network 
Position Calculation Function (PCF): calculate MS' location 
Positioning Signal Measurement Function (PSMF): gather up- and downlink radio 
signal measurements 

3.4.2 LCS in GSM 

The Generic GSM LCS logical architecture is displayed in Figure 27. 
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The Gateway MLC (GMLC) will be contacted by a LCS client through the Le interface. 
The GMLC may request routing information from the HLR. The positioning request is sent 
to the MSC. The Serving MLC (SMLC) co-ordinates and schedules all resources needed 
to perform the positioning of a single mobile. The SMLC can be BSS-based (Base Station 
System), or NSS-based (Network Station System). The first approach means that the 
SMLC will signal the target MS via the BSC to which it is connected, using the Lb 
interface. A NSS-based SMLC will support positioning of the MS via signalling over the Ls 
interface to the visited MSC. Both types of SMLC can access other SMLCs via the Lp 
interface. The SMLC contains all information about the capabilities of the LMUs in the 
serving area. 

A LMU performs radio measurements for the positioning method, either to locate a 
specific MS or to help locate other MSs in a certain area. There are two types of LMUs. A 
Type A LMU can be accessed over the GSM air interface (Um) only. This is basically a 
MS with a fixed location. A Type B LMU has a wired connection to the network and can 
be accessed using the Abis interface. Type B LMUs can be combined with a BTS. For 
more information about the LCS architecture for GSM, see [14]. The appendix shows an 
allocation table for LCS functionality in the GSM network. 

3.4.3 LCS in UMTS (R'99) 

The UMTS LCS architecture is shown in the next figure. 
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Figure 28 General UMTS LCS Architecture 

The UMTS LCS architecture is not much different from the GSM LCS architecture. The 
distinct differences are described below. 

The Serving RNC (SRNC) co-ordinates and schedules the resources needed to localise 
an MS. It will also calculate the final location and determine its accuracy. The SRNC 
controls a number of LMUs to obtain the radio measurements. The SRNC knows the 
capabilities of the LMUs it controls. As can be seen in the architecture, the SRNC has 
SMLC functionality as described in the previous section. The associated LMUs (Type B) 
are located at the Node Bs. The stand-alone LMUs (Type A) work autonomously and 
have to be accessed over the UTRAN air interface (Uu). The 3G-SGSN together with 3G
MSCNLR handle user equipment (UE) subscription authorisation and manage all 
positioning requests. 

For UMTS the LCS Client is divided in an internal and external LCF. The external LCF 
provides a logical interface between the LCS server and the LCS client. The internal LCF 
provides an interface between UTRAN location applications and system handling entities 
in the RNC. The LSCF has also been distributed. There is a LSCF in the core network 
(MSC) and in the access network (RNC). The control function in the access network co
ordinates all call- and non-call-related location requests. The access network function will 
therefore shield the core network function for all details involved with the positioning 
method. The access network control function can therefore be used with multiple 
positioning methods. For more information about the LCS for UMTS, see [15]. The 
appendix shows the allocation tables of LCS functions in the UMTS network and in the 
UTRAN 

3.5 Summary 

This chapter has looked into three location methods and the architecture that is needed 
to support the location measurement techniques. The methods differ in complexity, 
accuracy and the implications for the existing network. It can be concluded that Cell-ID 
based techniques can be implemented in the existing GSM network. The E-OTD and A
GPS systems require impressive changes to both the network as the mobile handset. It is 
therefore expected that the implementation of these systems will be combined with the 
installation of the UMTS network. 
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This report focuses on location based services, as was described in the introduction. This 
chapter will give a generic approach to analyse, provide and create mobile services. First, 
a template for service analysis will be introduced. This template will allow a service 
developer to extract all details needed to create the service. Service provisioning will be 
discussed before service creation because the provisioning process has high impact on 
the creation. There are several ways to provide the service to the customers. A number of 
roles in the provisioning process will be defined. These roles are not inherently connected 
to a NO or SP. Service creation is a complex process, because it involves a large number 
of network functionality and resources in a distributed environment. It is of utmost 
importance that a services creation process is established. 

4.1 Service Analysis 

Before a designer can start designing a service architecture he first needs to analyse the 
service(s) that will use the architecture. This section will; introduce a template that can be 
used to analyse services and extract all relevant information as input for then design 
process. The template consists of four steps shown in the figure below. 

Technologies 

Figure 29 Analysis template for mobile telephony services 

First a description of the service needs to be defined. From this description the service 
elements can be extracted. When all elements have been recognised, the information 
flows between them have to be described. Upon completion of these first three steps, the 
functional model for the service is ready. The functional model can now be made into a 
realistic model by looking at all technologies that are needed for the elements and 
information flows. Figure 29 shows these steps graphically. This template will be used in 
the next chapter to describe the location based services. 
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At the basis of every analysis lies a description of the object to be analysed. This 
description needs to be detailed and accurate. The description will be used in the course 
of the analysis; all information will be abstracted. Service can be classifies based on their 
description. Appendix 3 shows some important types of mobile services. 

4.1.2 Service Elements 

Service elements are the functional elements, which are used to provide the service. 
These elements can be part of the NO's domain but can also reside in the SP's domain or 
at the client. Some examples are: 

• Location Registers 
• Messaging 
• Billing Functionality 
• OoS requirements of the end-user 
• End-user profile database 
• Terminal 

These service elements can be translated into Service Capability Servers, this will be 
discussed further on in this chapter. 

4.1.3 Information flow 

An information flow is the information exchanged between the functional elements. 
Examples of information flows are: 

• Location information 
• Billing information 
• OoS requirements of the end-user 
• End-user profile (preferences) 
• Terminal requirements 
• Security level requirements 
• Availability mobile network resources 
• Service usage statistics 

4.2 Service example: Push service 

In this section a service will be described using the analysis template from the previous 
section. This exercise gives the reader a better understanding of services and the 
analysis template. For the service an example is described, which will be used for the 
further analysis. 

Push services are services where the information flows one-way, from the service 
provider to the mobile user. The user has to subscribe to the service with a mobile service 
provider (SP). There is no interaction between the subscriber and the service provider, 
when the service is delivered. Durlacher [19] describes two possible push services: 
• Mobile Advertising, e.g. one-to-one marketing, involves localised advertising, cell 

broadcasts, etc. The mobile network operator (NO) can provide the SP with the 
location information, but also with personalised information (subscriber's profile) 
based on calling patterns and with the use of mobile portals through which the 
subscriber has to specify its preferences. 

• Mobile Broking offers information about share prices based on price-movements; 
triggered by event. 

Push services are meant for all interested users, this is based on: 
• the subscriber's profile (user preferences kept by NO or SP) 
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• the subscription type (subscription with NO) 
• subscriber's statistics (collected by the NO or SP) 

The service is initiated: 
• triggered by event (e.g. stock price fall) 

ICSIEB 751 

• triggered by timer (e.g. tickets for movie starting in 15 minutes for half price) 
• triggered by location change (e.g. entering a cell) 
• human decision (e.g. stock broker) 

For each service, a combination of triggers can be set. 

4.2.1 Cinema tickets broadcast service example 

A cinema offers movie tickets for half price for anyone who reacts within 15 minutes. The 
cinema is the Content Provider (CP) in this case. The broadcast is sent only in the cell in 
which the cinema is located. The cinema is subscribed to a Third Party (TP) Service 
Provider broadcast service. The cinema manager requests the service and provides the 
information (text) and the requirements (location, time of delivery) to the MSP. The MSP 
will then initiate the push service. This information will be sent to anyone who is willing to 
receive it. 

4.2.2 Realisation 

Firstly, the SP will request information about the users that are in the cell. Therefore, the 
NO needs to provide user location information to the SP. This information is kept in the 
HLRlHSS. The NO will also perform all necessary authentication to validate the SP's 
request. This validation depends on the SP's contract with the NO. Because this is a 
personalised service, the SP also requests user information from the End-User profiles, 
kept by the MNO. The SP has to check the user profiles to see which users are willing to 
accept this kind of messaging. This 'check' is based on the user's subscription type with 
the NO. The resulting list of users will be included in the request for a broadcast to the 
NO. 

The NO can give the SP direct access to the (in this case) SMS Service Centre or SMS 
Gateway. In that case, the SP can perform the broadcast itself. After the message has 
been sent, the SP will store all billing information and give feedback to the Cinema. The 
SP described above is a service provider for the cinema and has no relation to the user. 
The cinema itself can also perform this service provider role. It is likely that in future there 
will be 'corporate' service providers, because the number of content providers will 
increase explosively giving the new opportunities in service proviSioning. Users will 
subscribe for the service with the NO or a separate SP. 

Mobile Service Provider Mobile Network Operator 

~ Ruest Broadcast Service 
(cell, message) 

Cell Information - -·-----(userS}-----

SM·SCl 
SM5-GMSC 

Figure 30 Cinema tickets service information flow 
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The bold arrows shown above represent the interfaces the NO has to offer to the SP. The 
dashed arrows represent the information from the NO to the SP. 

4.2.3 Service elements 

• HLRlHSS. The HLRlHSS contains all user location information for all users 
subscribed with the NO. The SP requests all users in a certain cell. This implies that 
the HLR/HSS must be capable to order the users by location. 

• End-user profile database. The NO determines which types of subscription it offers 
to its clients. Ideally the NO allows the user to determine it's own profile by offering 
some kind of portal in which a user can set his preferences. 

• SM-SC/SMS-GMSC. Access to the SMS Service Centre or SMS Gateway will enable 
the SP to broadcast the SMS messages. This way, the NO doesn't have to perform 
any actions regarding call control, provided the SP has full control within boundaries. 

4.2.4 Information flow 

• Location information. The NO has to provide cell or Routing Area (RA) information 
to the third party service provider. 

• End-user profile. To facilitate personalised information provisioning, the NO has to 
build a subscriber's profile and provide this information to the SP. 

• Broadcast request. The SP requests to broadcast an SMS message to a specified 
number of users. 

Optional information flow: 
• Service Usage Statistics. This information enables the NO or SP to build a 

subscriber's profile; the information stays within the NO's domain or will be provided 
to the SP. 

4.3 Service provisioning 

Two aspects of service proviSioning have to be considered; the service architecture and 
the roles involved in the process. A service architecture is a lay-out of all elements 
involved in the service provisioning process. The architecture shows how the elements 
relate and what domain they reside in. The roles involved in the process describe which 
party performs which tasks. 

4.3.1 Service Architecture 

Looking at the recent developments in service provisioning, current service architectures 
will change drastically, as shown in Figure 31 . Today most services are designed for the 
network in which they are offered. This means that the services cannot be exchanged 
between networks. The IN service provisioning model was the first step towards a 
separation of the service network and the access network. The IN concept makes use of 
independent building blocks called SIBs (Service Independent Building blocks). Figure 32 
shows the IN concept. The services are created in the Service Creation Environment 
(SCE) and managed by the Service Management Function (SMF). The SCE is basically a 
software platform consisting of modules (building blocks) to create service. These SCEs 
can also create services suitable for other types of networks. The SCE can therefore 
reside outside the network domain. 
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Figure 31 Network architectures for service provisioning (source: Ericsson) 

Installing and upgrading software in the network is handled by the SMF, this element 
must therefore be close to or part of the network. The other elements are part of the IN 
network. The Service Control Function controls the services. It will instruct the Service 
Switching Function (SSF) what to do. The SCF can also request data from the Service 
Data Function (SDF) and it can use other functions from the Specialised Resource 
Function (SRF), e.g. voice response service. The switches in the network contain the 
SSF and the Call Control Function (CCF) that sets up the actual connection. 

--- Control connection 
___ Speech connection 

_ Outside IN network 

o Part of IN network 

Figure 32 The IN concept 

The right part of Figure 31 above shows the separation of the service network. This 
means that services (marked with the'S') can be created, independent of the underlying 
access and backbone network. This will make the services independent of the network 
and therefore exchangeable between networks. The figure also shows a completely 
separated service network. This separation from the backbone network and access 
network enables parties other than the NO to create services, which can be provided to 
the NO's subscribers. To realise seamless communication between the service network 
and the backbone network a service architecture needs to be defined. The next section 
will discuss the UMTS standard for an Open Service Architecture (OSA). 

4.3.2 Open Service Architecture (OSA) 

To facilitate services from third party service providers, the NO must provide interfaces on 
network elements. These interface must be 'as open as possible', according to regulation 
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institutions like the FCC (US) and the OPTA (NL) . For UMTS an Open Service 
Architecture (OSA) has been included in the UMTS specifications [16]. 
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OSA will 'open up' the network. Opening up means that the NO will give other parties 
access to its network elements or information from these elements. This will be realised 
by using technologies like Java, CORBA and DCOM/COM. These technologies will 
enable different elements from different networks to communicate and work together. 
Also, defining open Application Program Interfaces (APls) for third parties will make it 
possible for them to run their applications. 

As shown in the figure, the OSA architecture consists of three parts, the Service 
Capability Servers (SCSs), the Framework and the applications. A SCS is a functional 
entity that provides the OSA interface. It can reside distributed across multiple physical 
nodes. Figure 34 shows three options of implementing the SCSs on the physical entities. 
When the SCSs are separated from the network elements, a gateway will be used. The 
interfaces between the gateways and network functionalities are not standardised. 
Besides the options shown below, a hybrid solution can also be implemented. 

OSAAPI 

'Gateway' 6IYJ~- -~rf1m 
Imfr=f=lm-_m ~~W 

HLR I CSE HLR CSE 

a b c 

D Physical entity Functional entrty 

Figure 34 Three implementations for SCSs in physical nodes; separate entities-one gateway (a) , 
separate entities-multiple gateways (b), combined entities (c) 

A Service Capability Feature (SCF) is an abstraction of underlying network functionality, 
accessible through the OSA interfaces. OSA classifies two types of SCFs; the framework 
SCFs and the service SCFs. The framework SCFs represent the functionality offered by 
the framework. The service SCFs represent the different services the NO offers. A SCF 
consists of one or more SCSs. 

There are 7 service SCFs defined in [16]: 

• Call control 
The Call control feature consists of a call manager, which controls all calls, and a 
number of calls, containing methods to control a call. Examples of call control issues 
are number translation, call barring, call notification, etc. 

• Data session control 
This service capability feature consists of the data session manager and a number of 
data sessions. 
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• Network user location 
The terminal location information is based on network-related information, e.g. 
geographical position, VLR number, CeIlID, LAI. User location reports can also 
contain periodical location updates. They can be on-request or triggered by location 
changes. 

• User status 
An application can request the terminal's status. 

• Terminal capabilities 
Applications can request the terminal capabilities, as described by MExE [17). A 
MExE compliant terminal will send the capability report to the MExE service 
environment. The capabilities are determined through the MExE capability 
negotiation. 

• Message transfer 
The message transfer service capability feature contains generic user interaction and 
call user interaction. Both (sub)features consist of a managing function and a number 
of methods to control the user interaction. 

• User profile management 
The Home Environment User Profiles contain a list of services to which the user is 
subscribed, the service status, the user's privacy status and the terminal capabilities. 

The framework enables the applications to make use of the service capabilities in the 
network. There are three groups of framework service SCFs: 

• Trust and security management 
These features enable applications to access its Home Environment. They provide 
methods for the Home Environment and applications to perform an authentication 
protocol. The features also enable an application to select a network service 
capability feature and provide a portal to access other framework features . 

• Discovery 
The discovery feature contains one interface. The discovery methods will return a list 
of all the service capability feature types and their properties. 

• Integrity management 
A load manager is part of the integrity management feature. It manages the load on 
the application and network side. The fault manager informs the framework of 
possible faults that occur. Heartbeat management checks the health status of the 
SCFs in use. The OAM (Operation Administration & Maintenance) feature is used to 
query the system time and date. 

The openness of OSA is strengthened by its capability to extend the architecture with 
non-OSA application Program Interfaces (APls). The OSA Framework can discover the 
standardised OSA SCFs. Additionally, proprietary SCFs can also be discovered by the 
framework. The framework registers all new services along with their interfaces. Non
OSA services can thus be supported and offered to third parties. 

4.3.3 Service provisioning roles 

The second aspect of service provisioning are the roles involved in the process. There 
are several roles; Figure 35 shows these roles and the relation architecture. 
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Figure 35 Role architecture for service provisioning 

The three layers in the architecture are divided based on their functionality. The 
functions defined above are: 

Service creation. Service creators will use applications and content to build their 
services. Applications can be executed and information (content) can be used on-line 
or downloaded. A service can be an application that uses information from the 
content provider, or content that uses an application to access the information. 

Service provisioning. The intermediaries between the service creator and the 
network provider are the service providers. Clients that want to use a certain service 
are subscribed to an SP. 

Network provisioning. The bottom layer is the network layer. This layer contains the 
network elements operated and provided by the NOs. 

The roles mentioned in Figure 35 will now be explained in more detail. 

Mobile Network Operator. A mobile network operator provides basic transport services 
for both voice and data connections. The mobile network operator owns and manages 
the network. As was explained in the previous chapters, the network contains the radio 
access part and the core network. Especially the core network is very important for 
service provisioning. The CN contains in-depth knowledge about the end users (e.g. user 
profiles, call patterns, location info, etc.). This information is not available for the service 
providers. Finally, the mobile network operator can bill the customer for all used services 
by adding them to the telephone bill. 

(Internet) Service Provider. An Internet Service Provider (ISP) integrates the mobile 
network and the Internet. It offers value-added services over the Internet (e.g. Internet 
access, e-mail, personal homepage, etc.). These services are all Internet-related and can 
be applications as well as content. The ISP therefore provides the hosting or access for 
these applications and content. The ISP will only offer its services to known customers. 
Customers can subscribe themselves to the service(s}. 

(Intranet) Service Provider. An Intranet Service Provider integrates an intranet and the 
mobile network. It offers services over any IP-based network for a select number of users 
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(e.g. Virtual Private Network (VPN), access to company network). One of the most 
important actions of an Intranet Service Provider is the authentication of its users. 
Therefore all intranet users have to be known with the service provider. 

Mobile Service Provider. The mobile service provider offers basically the same services 
as the ISP, but extended with specific services for mobile communication. The mobile 
service provider has access to elements in the mobile network and uses these to perform 
the service. The mobile service provider is in direct contact with the customers, because 
they have to subscribe to it. 

Content Provider. Service providers obtain their data from the Content Providers (CPs). 
The CP provides all kinds of content; all this data can be downloaded from the CPo The 
CP has no direct connection with the customer. 

Application Developer. A service can consist of content of some kind, but it can also be 
an application. The application developer (AD) makes the application and offers it to the 
SP; it has no direct connection with the customer. 

There is a difference between the Mobile Network Operator role defined above, and the 
term Network Operator (NO) used throughout the text. Obviously the NO has the role of 
the Mobile Network Operator, but it can also be a (mobile) service provider and/or IP 
transport provider. This section will focus on the roles in the service provisioning process 
and therefore not on the parties that act them out. There is a comparable difference 
between the service provider roles listed above and the SPs discussed earlier. The SPs 
can also act out several roles. 

There are two approaches in service provisioning based on the architecture shown 
above. The first, the traditional approach, is based on the way most current (fixed) 
telephony services are offered. The second approach, the Internet approach, is based 
on the Internet service provisioning model. 

In the traditional approach, a customer is subscribed to the NO, which is also the mobile 
service provider. The services are created and hosted by the NO. Optionally the NO 
obtains its content or application from the AD or CPo The information in the network is 
confidential information. Since only the NO has access to the network elements, all 
information remains 'indoors' in the traditional approach. 

Looking ahead, this approach will remain the easiest and most secure way to provide 
new services. The only flaw in this approach is that it makes it very difficult for a third 
party to develop services, because it would require specialised knowledge about and 
access to the mobile network. Also, the services offered in the traditional approach are all 
custom-made for mobile users. The single-service network architecture of Figure 31 
illustrates the traditional approach of service provisioning. 

The Internet approach for service provisioning is a more generic way to provide services. 
On the Internet, all parties that are connected to it can provide services to all its users. 
The multi-service network as shown in the figure above will have the same function, 
enabling all connected service providers to provide services. The mobile network operator 
has to provide the necessary interfaces to these service providers. An interface in this 
context is a set of methods the service provider can use to request information or perform 
actions. The definition of the interface determines its capabilities. 

The biggest advantage of the Internet approach is that services can henceforth combine 
functionality from different networks, optionally even owned by different operators. 
Another advantage of this approach is that mobile subscribers will have more choice of 
services. With the UMTS network evolving into an all-IP network, web-applications will 
now be accessible for mobile Internet/Intranet users. This will enable small parties on the 
Internet to develop new services relatively easily. The service provider or mobile network 
operator will perform all additional activities r the developer (e.g. profiling, billing, usage 
metering). 

The OSA concept described in section 4.3.2 is a possible realisation of the Internet 
approach. Together with OSA the concept of a Virtual Home Environment (VHE) is 
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proposed. The concept basically means that a user can recreate its home environment at 
all times, independent of the communication medium. A home environment consists of 
the user's personal settings for which services he likes to use, short dialling codes, etc. 
OSA will enable this con concept. For more information about VHE, see [16]. 

4.4 Service creation 

Figure 32 shows the IN concept of service provisioning. Currently, the Service Creation 
Environment (SCE) is part of the network in which the services are provided. For the 
current Internet service provisioning process, there is no such thing as a SCE. These 
service creation processes have a number of problems. 

• There is hardly any re-use of building blocks 
• Most solutions are proprietary and network dependent 
• Third party service creation is not possible 
• The time-to-market is very long 
• The platforms are very expensive 

A centralised SCE in a multi service network can solve these problems. The SCE needs 
to fulfil a number of requirements. 

• High level of re-use of building blocks 
• The building blocks should be network and vendor independent and based on 

standardised technologies 
• Third parties must be able to create their own services 
• The service developer should not have to be concerned with issues like security or 

transactions 

The use of building blocks and the concept of re-use has been the focus of many Object 
Oriented (00) software development programs. In the early '90s the client-server model 
was accepted by most large companies and the interest in (00) programming began to 
grow. This client-server model introduced a high level of interworking between computers 
and enabled users to use programs or applications that were not on the client computer. 
The applications were still all dedicated to perform one task or a set of tasks. The key 
word in this phrase is dedicated, this implies that the application will probably not be 
usable for other purposes. The 00 methodologies explored the reusability of applications 
by splitting it up in to objects. 

4.4.1 Object-Oriented Modelling and Design 

The 00 approach is based on modelling objects. This model will then in turn build the 
design of the system. 00 modelling and design provides a better understanding of the 
requirements of a system. It will also make the design cleaner and therefore make the 
system better maintainable. The process of 00 modelling starts with analysing the 
application in order to abstract the essential aspects. The analysis will result in a 
description of the objects with their properties. When this model is complete, the design 
decisions are made and the remaining details are filled in. If necessary the model can be 
optimised. The last phase is the implementation phase. 

4.4.2 Object-Oriented? 

A possible definition of 00 would be 'a collection of discrete objects, incorporating data 
structure and behaviour'. The aspects that are generally accepted as part of the 00 
method are: identity, classification, polymorphism and inheritance. The identity of an 
object makes it distinguishable from others. Objects can be concrete or conceptual 
discrete entities that are distinct, even if all attribute values are identical. Attributes are 
sometimes referred to as the data structure, whereas the behaviour of an object is called 
the operations. An operation is an action or transformation that an object is subject to. 
Classification of objects groups objects with the same attributes and operations in a class. 
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The object class describes the important properties of the application. Each class 
contains a set of objects, the individual objects are called instances of the class. 

Polymorphism means that the same operations behave differently on different classes. A 
specific implementation of an operation is called a method. Due to this polymorphism 
there is more than one method to implement an operation. Attributes and operations can 
be shared among classes. This inheritance is based on a hierarchical relationship. 
Classes can by refined into finer subclasses. These subclasses inherit all the properties 
of its parent (superclass) and have additional (unique) properties. 

4.4.3 Object-Oriented development 

Development conveys the three phases described before: analysis, design and 
implementation. In developing an 00 system the emphasis is on modelling the concepts 
in contrast to implementing the design. It's easier to correct problems in the design phase 
than in implementation phase. In 00 development the design phase can be further split 
up in system design and object design. The four phases will be described now. 

Analysis. In this phase a model is built containing all relevant properties. The model is a 
precise abstraction of the system's behaviour. It's not important how this is realised! 

System design. High-level architectural decisions are made in this phase. The target 
system will be organised into subsystems based on the analysis structure. 

Object design. In the object design phase, the design based on the analysis model is 
completed with implementation details. The focus is on the object attributes and the 
algorithms to implement each object class. 

Implementation. The final phase is the translation of the object classes and relationships 
into hardware or a programming language. 

4.4.4 Related themes 

There are a number of themes used in 00 technology. These are fairly general concepts 
which are well supported in 00 systems. 

An abstraction is the set of essential aspects of an entity, thereby ignoring the accidental 
properties. An abstraction avoids committing to details too early, yet enabling making 
decisions as long as possible. Separating external aspects of an object from the internal 
implementation details is called encapsulation. It prevents a system from becoming too 
interdependent so that a small alteration would escalate into massive change. Sharing is 
one of the most used themes within 00 technology. A common structure can be shared 
by numerous subclasses, but also information can be shared by applications. Reusability 
is also a key aspect in 00 technology. DeSigns and objects can only be successfully 
reused if they are generic enough. 

4.4.5 Component Based Development 

In the late '90s a new technology called Component Based Development (CBD) 
emerged. The technology has evolved from 00 technology. The difference can be found 
in granularity. Components are "Building blocks containing a set of functions that are 
encapsulated & implemented according to a model which allows other components to 
make use of this functionality in a standardised way and may allow for runtime discovery 
of the interfaces to this functionality". This formal definition stresses the difference in 
granularity; components can consist of a number of objects that perform the functions. 
Also, these functions can be invoked separately. The second part of the definition 
describes that the component must contain a discovery function that shows how the 
functions need to be addressed. Components need to be controlled and managed. CBD 
defines containers, which consist of a number of components. The container performs 
transaction control , component management, persistence and threading. Application 
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servers will create the execution environment that is needed to enable users to use the 
functionality. 

Application Server 

Figure 36 Relationship Components, Containers and Application Servers 

One of CBD's biggest advantages is that it maximises re-use of components. The 
standardised interfaces for the components and the discovery function make it fairly easy 
to (re)use the individual components. This also makes it easier for service developers, 
including third party service developers, to create new services. The use of containers to 
control and manage the components, make the system highly scalable and manageable, 
and therefore also reliable. Disadvantages are that flexibility makes the system complex, 
this risk can be minimised by using a standard architecture and framework. Furthermore, 
designing components for re-use is very difficult. 

Based on the requirements from section 4.4 it can be concluded that CBD can be used to 
develop the service architecture. The next step in the service creation process is to 
establish a development methodology. A methodology consists of two parts, first a 
common notation language needs to be agreed upon and secondly the design process 
has to be defined. The following section will address these two parts. 

4.4.6 Unified Modelling Language 

The Unified Modelling Language is the first standardised notation language for 00 
analysis and design. Well-known 00 languages like Smalltalk and the Object Modelling 
Technique (OMT) were launched in the late '80s and are considered to be the basis for 
UML. Grady Booch and James Rumbaugh worked on their own modelling languages, but 
joined forces to deliver UML version 0.8. Ivar Jacobsen also joined them and in 1996 they 
continued working on UML. The Object Management Group (OMG) was also formed in 
that year. This group focuses on standardising software and creating distributed 
enterprise-wide interoperability. Besides UML, the OMG has also developed CORBA and 
the Internet Inter-ORB protocol (IIOP). Rational Software released version 1.0 of the UML 
and sent it to the OMG. UML has been accepted since by the OMG as a standard for 00 
analysis and design. 

UML defines a notation and a meta-model. The notation is the syntax of the modelling 
language. A meta-model is a diagram that defines the notation. UML describes a number 
of techniques to help design a system. The techniques are described below. 

Use Cases describe interactions between the user and the computer system. Each 
discrete thing a user wants to do with the system is a use case. All use cases together 
form a use case diagram. In a use case there are a number of roles. The actor is the 
user that addresses the system. The actors carry out the use cases. The actors are linked 
to the use cases. Besides the links between actors and the use cases, uses and extends 
are links among uses cases. A uses occurs when certain functionality can be reused by 
one or more use cases. The extends relationship occurs when use case are similar, but 
one has additional functionality. 

Class Diagrams are an important technique in UML. It describes the types of objects in 
the system and the static relationships between them. There are two kinds of static 
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relationships, associations (e.g. a car is associated with its owner) and subtypes (e.g. a 
pick-up is a subtype of cars in general). Associations are relationships between instances 
of the classes. Each class consists of a number of attributes and operations. There can 
be some constraints between the classes. Classes can also be grouped together; this 
relationship is called a generalisation. The number of objects that participate in a 
relationship is illustrated with the multiplicity parameter. 

Interaction Diagrams show how groups of objects collaborate in behaviour. The diagrams 
show the behaviour of a use case. An interaction can have several forms. The most used 
from is the sequence diagram. In the diagram each object is shown at the top its lifeline. 
Arrows between the lifelines of the objects represent the messages. There are two control 
markers; the condition marker indicates that the message will only be sent if the 
condition is true, the iteration marker shows that the message will be sent multiple 
times. In a collaboration diagram, the objects are shown as icons. The message 
sequence is indicated by numbering the messages. 

Package Diagrams show the dependencies between groups of classes. A package 
(group) depends on another package if a change in the other affects its own. A 
dependency exists if one of the classes depends on one from the other package. 
Dependencies can be transitive, e.g. Bill Clinton is richer than Buffalo Bill, Bill Gates is 
richer than Bill Clinton, therefore Bill Gates is richer that Buffalo Bill. A transitive 
dependency between two classes can be transitive, this does not mean that the 
dependency between the packages is transitive. 

State Diagrams describe the states an object can be in and its state changes. The 
diagrams are drawn for each class separately. State changes are caused by actions, 
which occur quickly and are not interruptible. Activities are associated with a state and 
can be interrupted. State transitions can be caused by actions from other objects or due 
to an internal event (self-transitions). If two processes are performed in parallel, but both 
have to be 'true', a concurrent state diagram can be drawn to show this relationship. 

Activity Diagrams are diagrams showing the possible order of events in a system. The 
activity diagrams show which activities can be performed in parallel, synchronisation bars 
indicate that all parallel processes have to be completed before performing the next 
activity. Activity diagrams do not show who is responsible for the activity. Swimlanes are 
a way to surpass this problem. By arranging the activities in columns belonging to the 
responsible parties, it can be clearly seen who performs the activity. 

Deployment Diagrams show the physical relationship among the software and hardware 
components in the system. The system contains a number of nodes, which represent the 
hardware units. The connections between the nodes are communication paths over any 
given physical network or protocol. 

4.4.7 Design Methodology 

There are a number of methodologies currently known and available for use. All of these 
are still undergoing further development. It is expected that the methodologies will be 
mature within a 1 or 2 years. There are four well-known methodologies: 

• The Rational Unified Process (Rational Software) 
• The Catalysis Approach (Platinum) 
• Sterling Methodology (Sterling) 
• Select Perspective Methodology (Select Enterprise) 

It should be noted though, that the Sterling Methodology is based on the Catalysis 
Approach. The systems named above are software engineering processes. The 
methodologies embrace a disciplined approach to assigning tasks and responsibilities 
within a development environment. The design process used in this report is based on 
the first two methodologies. Both the Rational Unified Process (RUP) and the Catalysis 
Approach are very well supported with literature. Also, the RUP and the Sterling 
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Methodology packages are available at KPN Research, which lead to more hands-on 
experience. 

With today's sophisticated software systems, it is not possible to sequentially define, 
design and build the software. Therefore an essential aspect of a CBD process is that it 
needs to be an iterative process. An iterative approach allows the designer to get an 
increasing understanding of the problem through successive refinements. This approach 
is more flexible in fulfilling new requirements, and it allows the project to identify and 
resolve risks earlier. The process needs to be carefully controlled. The iterative approach 
needs careful requirements management, and change control to ensure the expected 
functionality and the expected level of quality. 

The Sterling Methodology and the Rational Unified Process have identified a number of 
phases in the design process. The difference between the phases can be found in the 
actions performed in those phases. Table 7 shows the design phases for both 
methodologies. The table also shows which UML techniques can be used in the different 
phases. Some of the UML techniques can be used in several phases, this is due to the 
iterative nature of the development process, but also because e.g. use cases are a 
helpful tool for many problems. The comparison is purely based on the actions belonging 
to the different phases; it does not imply the process' life cycle. 

Table 7 Comparison between Sterling and Rational processes 

• 
• Use Case ulaarams 

Analysis • Use Cases 

• Class Diagrams 

Analysis & Design ~ . Interaction Diagrams 

• State Diagrams Behavioural Specification 

Component Development & .. , 't"'~ •• '~' •• -.,~" I 
Imolementation • 

Service Develooment & 
Deployment • Deployment Diagrams 

The process used in this report will use the phases as defined in the Sterling Approach. 
Figure 37 shows the lifecycles for each phase. The phases all overlap, this way the 
designer can still correct possible faults that occurred or react to new requirements. It 
makes the process controllable and flexible. The right side of the figure illustrates the 
actions of each phase. Two important steps in the process are pointed out; these are the 
times when the designer has to check if there are possibilities for re-use. By making an 
overview (catalogue) of the interfaces or components identified so far, the designer can 
see if there is overlap in the functionality. 

The first phase is the requirement definition phase. The phase includes business 
modelling and use cases. Business modelling is used to define the organisational context 
for the system. This includes finding all business actors and their use cases. This phase 
also covers the input from customers; again by identifying the actors and use cases. In 
the analysis phase the roles and processes belonging to the (business) actors are 
identified. Classes have to be defined; each class consists of a number of attributes and 
operations. The relationship among the classes is shown using class diagrams. The 
second aspect of this phase is to define the component interfaces. The interfaces support 
a number of operations. As can be seen from the picture the two subphases are 
performed simultaneously. This phase is very important for the following phases and 
relatively time consuming. The table shows that UML offers a number of techniques to 
specify the behaviour of the system, both static and dynamic behaviour. 
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Figure 37 The seNice development process 

Component modelling includes identifying the components and the relationship between 
them. Activity and state diagrams help in establishing the relationships. In this phase, the 
component architecture will be designed. The component design will be completed in the 
component development & implementation phase. The functional description ends with 
the component design. The remaining actions depend on the implementation method and 
operator preferences. The components can be implemented using well-known 
programming languages like C++ or Java. The final phase is the deployment phase. The 
service is assembled and deployed by building the technical infrastructure. The 
infrastructure can be realised using CORBA, DCOM or RMI. All these technologies are 
capable of providing the infrastructure, not depending on an operating system or 
programming language. CORBA appears to be the most 'open' technology. 

There are visual modelling tools available for all four methodologies named in the 
beginning of this section, see the following websites for more information. 

• Rational Unified Process: http://www.rational.com 
• Platinum Paradigm: http://www.cai.com 
• Sterling COOL:Spex: http://www.caLcom 
• Select Enterprise: http://www.select.com 

4.5 Summary 

This chapter has looked at analysing services in order to get a better understanding of 
the service. This quick scan of the service will serve as input for the design process. It is 
really important to understand how the service will be provided to the end-user. The 
provisioning method has a large impact on the design of the service. Therefore the 
second step in the service development process is to establish a service provisioning 
model. The final step is the actual design. There are numerous techniques and 
methodologies available that can help a designer. It is almost impossible to find a 
methodology that is perfect for the system as well as for the designer. In this chapter a 
design methodology has been introduced that is based on two well-known, commercially 
available methodologies. This methodology will be used in the next chapter to design the 
service architecture. 
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5 Location Based Services - Design of a Service Architecture 

In this chapter, a service architecture will be introduced to facilitate third party location 
based services. The concept of third party service provisioning has been discusses in the 
previous chapter. The design process will be done in three phases. At first, a quick scan 
of an example location based service will be worked out; using the template introduced in 
section 4.1. The second phase will be to define the service provisioning model. For this, a 
general service architecture based on the OSA architecture will be introduced. The final 
phase is the design of the service model using the design process from the last chapter 

5.1 Quick scan: On-line mobile route planner 

The service example that is will be worked out in this chapter is an on-line mobile route 
planner for all kinds of transportation. The level of detail of the route description depends 
on the positioning method. For Cell-ID based systems, in rural areas only routes between 
cities can be planned. Within cities, where the cells are much smaller, the accuracy 
increases but it is still limited to a localisation within a 500m diameter. Other methods like 
E-OTD and A-GPS are capable of localising a MS within 50-125m and 1-5m respectively. 
For a route description using e.g. city busses or the subway, Cell-ID systems cannot be 
used. An A-GPS system is even capable of providing a precise route description for 
pedestrians. 

A user can request the full route description at once, or in logical steps when it is 
(continuously) tracked by the system. An additional feature could be offered, when the 
MS is equipped with a compass. The MS could then give exact directions where to go, by 
indicating it with an arrow on the screen. Another value-adding feature is to provide the 
customer with additional information about the destination (e.g. weather, hotels, bars, 
etc.) or information about the scenery along the trip (famous buildings, landscapes, rivers, 
etc.). 

5.1.1 Realisation 

Figure 38 shows a functional overview of the service. 
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Figure 38 Functional overview 
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The content providers (CP) provide databases for the Roadmap and the Public 
Transportation information and a database for up-to-date traffic information e.g. traffic 
jams, roadblocks, delays, etc. When the user requests the service he has to specify the 
destination, the means of transportation, tracking/complete description and additional 
parameters (e.g. the fastest way, the cheapest way, etc.) . The Service Provider (SP) will 
now ask the Network Operator (NO) whether the user has granted the NO permission to 
perform localisation. The NO will check the user profile to check the user's setting 
regarding localisation. There are three options: 'yes', 'no', or 'ask me'. In case of an 'ask 
me', the NO will query the user; if he declines the service fails . When the user allows 
localisation, the SP will query the NO for the user's location. This information combined 
with the data from the CPs is the input for the application. The application will build a 
description based on the parameters specified by the user and it will be sent to the user in 
the requested format . In case the user requested the tracking feature, the application will 
periodically request the user's location and send an update to the user. The user will be 
continuously informed about the correct way to travel. The user will also be informed, if he 
went the wrong way and the alternative route will be shown. Another feature of the 
service is that the user will be informed about possible delays in the route given earlier 
(e.g. traffic jams). The service will then recalculate the route based on the current location 
and send it to the user. 

Content 
providers 

Mobile Service Provider Mobile Network Operator S i ! r Request Route [destiration,Jrar'lsport type] 
(usir ID) ! 

l. ___ .£'!:9!!!.eJ~~~a.!!~ ___ _ i (User ID, result) 

i Request User Location 
lOSer JD) .. 

~ ___ ~~.!!.o.!:: ~~~~t~12.. __ _ 
i (User ID) 

.. Request Route information j 
(start, destination) ! 

-------------~ 

Traffic information i 
ijams, delays, etc.) ~ I 

i Billing Status 

HLR 

location 
Server 

Billing 
Database 

~----------------i (User ID, SP ID, Transaction ID) ! 

! 
------UPfionar--~ 

_,-",,,""""",,c",,- _I 

i Send Route description , 
~j 

Figure 39 Sequence diagram for the mobile route planner service 

5.1.2 Service Elements 

The service elements of the SP are: 
• Application. The application receives the request from the user. The application 

determines the requested route, based on the parameters received from the user. 
The information needed will be obtained from the NO and the content providers 

The service elements from the content providers are: 
• Roadmap database. This database contains all information about the infrastructure. 

It can be a single database, but it can also be a number of databases all containing 
specialised information from a certain region. The SP's application will decide which 
database can be used. 
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• Public Transportation database. This is a database containing national or 
international public transportation information. The database can consist of a number 
of specialised databases. The application decides which database to use. 

• Traffic Information Centre. This centre provides the application with up-to-date 
information about traffic jams, traffic accidents, train delays, etc. 

The service elements in the NO's domain are: 
• HLR. The HLR contains the user profiles. The SP will request the localisation settings 

from the HLR. Based on these settings, the NO can decide to request permission 
from the user. The result of the profile request will be sent to the SP. 

• Location Server. The Location Server is capable of localising a mobile user in the 
network. The SP will request the location of a certain user; with this request it can 
also specify the accuracy and maximum delay. The location server will determine 
which location method it will use to handle the request. 

• Billing Database. The SP will ask the NO to bill the subscriber for the usage of the 
service. With the request, the SP includes the price, a transaction ID and its own ID. 
The billing database checks the user's credibility and stores the information. It will 
report back to the SP. 

5.1.3 Information Flow 

The information flows are indicated with bold arrows in the sequence diagram above. 
There are three flows of information between the SP and the NO. 
• Profiling information. The mobile user determines whether it allows localisation or 

not. The SP has to check the user profile to see if it is allowed to use the users 
location. The user profiles are stored in the HLR. 

• Location information. The SP can request the user's location from a location server 
in the NO's network. The server will determine if the requested QoS level can be 
provided, and perform the localisation. 

• Billing information. The SP sends its biling information to the NO's billing server. 
This includes the price of the service, the client's ID (e.g. phone number), an ID for 
the transaction and an ID of the SP. 

There is one information flow between the user and the PS. 
• User information. The user needs to specify the destination, type of transportation, a 

start or arrival time and the requested route format in its request. 

5.2 Service Architecture 

The service example in the last chapter is a third party service, provided by the third party 
and facilitated by the NO. Third Party service provisioning means that a NO provides 
those parties with network specific information. This does not mean that the third party 
will have full access to those elements that contain the information. The NO operator will 
remain in control by adding a middleware layer on top of the network elements. 
Middleware is defined as the linking layer between network elements (hardware) and 
applications (software). This middleware layer should enable the third parties to develop 
services, without having to know the actual network architecture or the protocols used. 

The previous chapter covered the standardisation by the OSA group. The service 
architecture that will be introduced further on in this section is fully compliant with the 
OSA standard. Figure 40 shows the basis of the future service architecture and its 
functional elements. This architecture can in time be extended further. 
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Figure 40 General service architecture 

The middleware layer consists of a Framework and a set of Service Features (SFs). The 
Framework handles the initial contact between the third party service provider (TPSP) 
and the NO. The Framework provides trust and security functions (e.g. authentication), 
that way the NO decides what services a TPSP is allowed to use. The Framework also 
provides the service discovery service. This service allows a TPSP to check which 
services are available. The interfaces provided on the SFs provide a set of functions that 
the TPSP can invoke. The TPSP can combine these functions to develop its own 
services. 

The third party interfaces consist of a fixed set of methods available for TPSPs. These 
should preferably be standardised interfaces. The interfaces will allow TPSPs to create 
their services autonomously, independent of the NO. The benefit for the NO is that it can 
easily connect new TPSPs. The benefit for the TPSPs is that it can easily reuse its 
services with different NOs. The NO can minimise network complexity by using the 
standardised interfaces not only for external clients, but also internally. 

5.3 Design 

The design presented in the following sections will be based on the service example from 
section 5.1 and the service architecture from section 5.2. This report describes a service 
architecture for third party service provisioning. Therefore designing the SP's service 
application, although this would certainly be very interesting to do, is out of the scope of 
this report. The design presented in the next sections will focus on designing the service 
architecture that will facilitate the third party service. The design process has been 
introduced 4.4.5. 

5.3.1 Requirements Definition 

The goal of the first phase in the design process is to develop a high level description of 
the system. The requirements for the system can be extracted from this description. The 
first step in this phase is to identify the business actors and use cases. The second step 
is to look at possible subdivisions of the business actors into separate actors and use 
cases. 

5.3.1.1 Business modelling 

A business actor is any individual, group, organisation, company or machine that interacts 
with the business. In the SP's view, the business is delivering the requested route 
description and billing the user for it. Therefore, the business actors are the Network 
Operator (NO), the Content Providers (CPs) and the users. The user requests a route to 
the specified destination. The SP will request the user profile, location information and 
billing from the NO and it will also requests all information regarding the route description 
and additional information, from the CPs. The SP's will then send the result to the user. 
All the requests and actions described are use cases. 
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For the design of the service architecture, the NO's view needs to be considered. The NO 
has no relationship with the user during in the service. This means that the user is no 
business actor. Billing the user for the SP's service affects the user, but the NO merely 
handles the request from the SP to bill the user. Therefore, the SP will bill the user, 
although the money transfer is handled by the NO. In this view, the same holds for the 
CP's. The NO merely handles the requests from the SP. The latter is therefore the sole 
business actor. Figu re 41 shows the business use cases. 

C2> C2> 
User Profile Current Location 

~I/ 
C-..J:--2> ~ 

Subscribe to service !i 
SeNice 
Provider 

C2> 
Bill User 

C2> 
Authenticate 

Figure 41 Business Use Cases for NO 

For each business use case, the activities need to be defined. The activities have to be 
organised according to time to get a better understanding of the entire use case. It is 
important to indicate which business actors are involved in the interaction belonging to 
the activities. The activities can be grouped based on their characteristics. Some activities 
are mandatory, others are optional, some can be performed more than once and some 
can run simultaneously to other activities. Finally, the requirements for the use case have 
to be specified. The business use cases will be summarised using the table shown below. 

Table 8 Business use case description 

Authenticate - The SP needs to authenticate itself with the NO to communicate with the 
NO and to be able to use the NO's services. The SP sends its own 10 to the NO and, the 
NO will check this ID and it will send its ID back to the SP. The SP will request access to 
the NO's framework. The NO will select an authentication method. If the SP is a trusted 
party, authentication will be minimal. The NO performs the authentication of the SP; the 
SP needs to provide all information needed for the authentication process. The SP will 
also authenticate the NO. The NO will provide the SP with the relevant information. Once 
authentication has been successfully performed, the SP will be granted access to the 
framework. If not, the request will be aborted. Since there is only one business actor, the 
interactions are all between the SP and the NO. Selecting the authentication method and 
performing the authentication are not interactions. The activities named so far are 
mandatory, the NO has the opportunity to request additional information from the SP for 
the authentication process. The SP needs to be known with the NO, before any 
communication can take place. The authentication process requires a common 
authentication method. The NO will determine which method will be used, therefore the 
SP needs to support this method. 
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Subscribe to service - If the SP wants to use services from the NO, it needs to 
subscribe to each service separately. The SP requests a services list from the NO. This 
list contains the NO's services with a brief description. The SP can request additional 
information for each service. The SP selects a service and sends the subscription request 
to the NO. The NO will send an agreement to the SP. The SP can request optional 
information for clarification of this agreement. The SP needs to (digitally) sign the 
agreement and send it back to the NO. The agreement will be stored and this concludes 
the subscription. Selecting the service and signing the agreement are not interactions, the 
other activities are. There are two opportunities to request additional information. The 
entire process requires a secure connection, especially when sending the signed 
agreement. 

Table 10 Business use case: Subscribe to service 

User Profile - The SP needs to check the user profile in order to see if the user allows 
localisation. The request for the user profile is followed by an authentication of the SP 
based on the SP's 10. The NO will check to see if the SP is subscribed to the service if 
the authentication is successfully completed. The request will be rejected if the 
authentication fails. The user's profile will be looked up and the information will be 
interpreted. If the user allows localisation in general or specifically for that SP, the 
(positive) result will be sent to the SP. If the user does not allow localisation, the request 
will be rejected . In case the user want to be asked for permission, the NO will send a 
request to the user's mobile phone containing the name of the SP and its service and the 
response of the user will be forwarded to the SP. The authentication is performed by the 
NO and therefore this is not an interaction. Checking the user profile and requesting the 
user for authorisation are in fact internal interactions, but not between the NO and the SP. 
An important requirement for this use case is that the SP has to be subscribed to the user 
profile service. 

Table 11 Business use case : User Profile 
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Current Location - The SP needs the user's current location as input for the service. 
The request for the location is followed by an authentication of the SP based on the SP's 
I D. The NO will check to see if the SP is subscribed to the service if the authentication is 
successfully completed. The request will be rejected if the authentication fails. The NO 
must be sure the SP is authorised for localising the user. If not, the request will be 
rejected. The SP will specify a QoS level in its request, the NO needs to see if this can be 
provided. If not, the SP will be notified what the available QoS level is. The SP can then 
decide to change the location request by sending an updated request or to abort the 
request. Whenever the QoS level can be provided, the NO will perform the localisation 
and send the result to the SP. There are numerous interactions in this use case, the table 
shows how the interactions are organised. Important requirement are that the SP is 
subscribed to the service and the user authorisation needs to be checked. 

Table 12 Business use case: Current location 

Bill user - The SP asks the NO to bill the user for the usage of the service. The request 
for billing the user, is followed by an authentication of the SP based on the SP's ID. The 
NO will check to see if the SP is subscribed to the service if the authentication is 
successfully completed. The request will be rejected if the authentication fails. In case of 
a pre-paid user, the user's credit needs to be checked. If the user does not have sufficient 
credit, the billing request will be rejected. For post-paid users this check is not necessary. 
The SP sends the Service Detail Record (SOR) to the NO. This record contains the 
pricing information (Le. price, transaction ID, service ID, user 10, SP's 10 and timestamp). 
The NO will use the information from the SDR to process the request. As with the user 
profile and current location use cases, an important requirement is that the SP needs to 
be subscribed to the service. A secure connection for sending the SOR is also required, 
since the SDR contains private information. 

Table 13 Business use case: Bill user 
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5.3.1.2 Subtype modelling - Framework class 

The business use cases described so far, give a good impression about the high level 
interaction between the business actors. New (sub) use cases can be derived from the 
activities described for each business use case. These are the so-called uses and 
extend relationships as defined by UML. The 5 business use cases can be split into two 
classes: the framework class and the service feature class. The framework class consists 
of the 'authentication' and 'subscribe to service' use cases. The authentication process 
can follow a number of authentication methods. The use case itself contains the default 
authentication, for additional or more extensive authentication other authentication 
methods are used. These methods are separate use cases that extend the authentication 
use case. The following use case diagram shows the activities for the 'authentication' use 
case. 

~ 
Service 
Provider 

<~ 

CL2> 
Authenticate ~ 

«extends» 

C~ 
Authentication 

Method A 

C~ 
Authentication 

Method B 

Figure 42 Use case diagram 'Authenticate' 

The 'subscribe to service' use case uses the services database to retrieve a list of 
services. This database will also contain the agreement and description for each service. 
The subscriptions are stored in the subscriptions database. This database contains the 
subscriptions for the service providers. The write subscription database and the view 
service database use cases are used to address the (physical) databases. Both 
relationships are 'uses' relationships, as shown in the following figure. 

~ 
SeNice 
Provider 

«u .. s~C ~ 
~ View C ~ Services 

Subscribe to service ~ 
Database 

C~ 
Write 

Subsc riptions 
Database 

Figure 43 Use case diagram 'Subscribe to service' 

The services database is maintained by the framework manager. The framework 
manager is an internal actor that is responsible for managing and controlling the 
framework. It will register new services and add them to the services database and 
update the subscriptions database with this new service. The service providers will be 
informed about the new service and the framework manager. The use case diagram is 
shown below. The two use cases will be worked out below using use case tables. 
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Figure 44 Use case diagram for the framework manager 

Register service - New services can be registered with the framework. The framework 
(FW) manager creates a new entry in the services database (SvcD) using the services 
database use case. It will store the service description and service agreement in the 
database. Optionally additional information can be stored, e.g. a more detailed 
description of the service. The FW manager will create and entry in the subscriptions 
database (SubD). The FM needs to be the only party that can register new services, to 
maintain the integrity of the system. Other parties can view the database entries, but can 
not alter the content; therefore these parties use a different use case. 

Table 14 Use case: Register Service 

Inform SPs - The service providers subscribed with the NO will be notified of new 
services once the services are registered with the NO's system. The FM will retrieve a list 
of all SPs from the subscription database. A service description will be sent to all 
subscribed SPs. 

Table 15 Use case: Inform SPs 

5.3.1.3 Subtype modelling - Service feature class 

The service feature class consists of all service features supported by the system. 
Service features are non-framework related services that provide network specific 
service. The business use cases of Figure 41 show three service features; user profile, 
current location and bill user. The use cases explained in the following paragraphs 
provide a more specified view on the business cases described so far. 

Generally all service features perform common tasks (e.g. authentication, check 
subscription) and specific tasks (e.g. get profile, get location, etc.). The business use 
cases can therefore be further split up into a service manager and several common or 
specific use cases. Figure 45 shows the general use case diagram for the service 
managers. 

Albert Mombarg 73/106 



ICS/EB 751 Third Party Location Based Services 
December 2000 

c ~ «U,..»~ c. ~ 
/ 

-/ 

View 
Authenticate S P Subscriptions 

«uses» Database 

? C ~ ~C ~ 
\ L Check subscri 
.> . ~ <<uses>>-SeNlce 

Additional 
Use case 

Manager, ~ <<uses» C ~ C~ 
Ser",;ce specific 

Use case 
Use 

Network element 

Figure 45 General use case diagram for the service managers 

The service managers manage and control the services. The two use cases that all 
service have in common, are used by all service managers from all service features. Both 
use cases use the subscriptions database use case as a reference. The use cases are 
described below. 

Authenticate SP - The service manager (SM) authenticates the SP to establish its 
identity. The subscription database contains all relevant information about the SP that 
can be used to perform the authentication. The view subscription database use case is 
used to address the (physical) database. Requesting information about the SP is done 
during authentication. 

Table 16 Use case: Authenticate SP 

Authenticate SP 

Request information 

8M I Mandatory/ 
Parallel 

SM => SubD I Optional/ 
Parallel 

Check subscription - The service manager needs to see if the SP is allowed to use the 
service by checking for its subscription in the subscription database. The service 
manager will use the 10 received earlier in the authentication process. If the check fails, 
the request will be rejected. 

Table 17 Use case: Check subscription 

The service specific use cases for the process described in this document are the 'check 
user profile', 'get current location' and 'bill user' . 

Check user profile - The service manager for this use case will perform the task based 
on the parameters specified by the service provider. The network element (NE) or 
elements involved in this process is/are the element(s) where the information resides 
regarding user location settings. The service manager uses the 'use network element' 
use case to address this information. As described before, the 8M needs to contact the 
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user for authorisation if the settings require this. The use case ends with sending the 
result to the service provider. An important requirement is that the SM must be able to 
interact with the user. This can be fulfilled by a 'query user' use case. This use case will 
ask the user for permission to use its location. 

Table 18 Use case: Check user profile 

Get current location - The current location can be retrieved using a number of location 
methods. The methods vary in the OoS level that can be provided. The OoS levels differ 
in positioning accuracy and the delay. The default location method is included in the NE; 
the other methods extend the functionality by providing a higher OoS level. The SM starts 
by determining whether the SP is authorised to localise the user. If not, the request will be 
rejected. The eventual OoS level is set by the SM by comparing the requested OoS level 
and the available level. If the requested level can not be provided, the maximum OoS 
level will be sent to the service provider. When the OoS level is agreed upon, the SM 
performs the localisation. The result will be sent to the SP. An important requirement is 
that the SP is authorised to localise the user. 

Table 19 Use case: Get current location 

Bill user - Billing the user starts with determining the if the user is a pre-paid or post-paid 
user. If he is a pre-paid user, the credibility for this user needs to be established. If the 
user does not have enough credit, the request will fail. The SM will process the service 
detail record (SDR) by sending the information to the network. An important requirement 
is that the credibility check is mandatory for pre-paid users. 

Table 20 Use case: Bill user 

The last use case concludes the requirement phase in the design process. The reader 
should be able to form a high level understanding of the system based in the description 
of the (business) use cases. The use case tables are provided to briefly summarise the 
actions belonging to each (business) use case. The use case diagrams illustrate the 
relationships between the use cases an actors. 

5.3.2 AnalYSis 

The goal of the analysis phase is to define the roles and processes of the system. These 
will be named the classes of the system. For each class the attributes and operations will 
be defined. This phase also described the interfaces and the operations associated with 
the interfaces. 
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The relationship between the service provider and the network operator is an external 
relationship, i.e. a relationship between the system and an external party. Therefore 
authentication is an important process that binds the two parties. Figure 46 shows a class 
diagram for this relationship. The 'authentication' is an associated class illustrated by a 
dashed line. A NO can have relationships with several SPs; they are mutually bound by 
an authentication. The framework manager is the role on the NO's side that fulfils all 
interaction between the SP and the NO. 

For each relationship, the multiplicity has been indicated using a '1' or a '*'. The '1' 
represents a Single class. The '*' represents a range of entities of the class. A FW 
manager can have a relationship with multiple SPs. The FW manager will also handle the 
subscriptions for the SP, whereas a subscription can only belong to one SP or can only 
be managed by one FW framework manager. All subscriptions are stored in the 
subscriptions database. The FW manager uses the subscription classes to perform the 
subscription. The services are stores in the services database. The FW manager uses 
this database to retrieve the information for the SP's requests. 

Service Provider FW Manager 

Name Name 
Identifier * 1 Identifier 

, , , , 
AuthenticationReqO Authentication SelectAuthMethodO 
SvcLisIReq() AuthenticateSp() 
SvclnfoReq() Method name SvcListRes() 
Subscribe ToSvcReqO Method identifier SvclnfoRes() 
SignSvcAg ..... ment() Subscribe ToSvcRes() 
SvcAg ..... mentRes() SubscribeSPO 

SvcUpdata() 

, Authenticate Res() , I , 
I. . Subscription , -~ 

Servicaname 
Service identifier 
Service description 
Service agreement , 

I 
Subscriptions , • SubscriplionRes() I 

Services 

I 
Database I <<uH&» Database 

Figure 46 Class diagram for SP-NO relationship 

The operations shown in the figure are listed below using the UML syntax. The syntax is: 

visibility name (parameter-list) : return-type-expression {property-string} 

The visibility signs are a '+' for a public operation, a '#' for a protected operation and a '-' 
for a private operation. The return-type-expression is an optional specification, depending 
on the implementation language. 

Service Provider Class 
# A uthenticationReq(Sp/D) : Result 
All communication between the SP and the FW manager are protected operations, 
because they contain private information. The SP's identifier is sent along with the 
authorisation request. The unique SP identifiers are issued by the NO. The result of the 
operation is an 'accept' or 'reject'. 
# SvcListReq() : Result 
The SP requests a list of supported services from the FW manager. The result is a list 
containing the service types and the service Identifiers. The unique service identifiers are 
issued by the framework manager during registration. 
# SvclnfoReq(Svc/D) : Result 
The request for more information about a certain service type contains the service 
identifier. The result is a description of the service. 
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# SubscribeToSvcReq(SvclD) : Result 
The requests to be subscribed to a service is accompanied by the service identifier. The 
result is a service agreement containing the service identifier, the agreement identifier 
and the content. The content is an operator specific legal statement. 
- SignSvcAgreement{SvclD, AgmlD, content) : Result 
Signing the agreement is a private operation that requires the service identifier, the 
agreement identifier and the content. The unique agreement identifiers are issued by the 
framework manager. The result can be 'accept' or 'reject'. 
# SvcAgreementRes{SvclD, AgmlD, content, signature) : Result 
The response to the FW manager contains the service and agreement identifier, the 
content and a signature. This signature is an operator and implementation specific 
parameter. 

Framework Manager Class 
- SelectAuthMethod(SplD) : Result 
Selecting the authentication method is a private operation. The selection will be made 
based on the SP's identifier. The result contains the method's name and identifier. 
- AuthenticateSP{SplD, AuthMethod) : Result 
Authenticating the SP is a private operation that requires the SP's identifier and the 
authentication method. The result is an 'accept' or 'reject'. 

# SvcListRes(SvcList) 
The response to a service list request contains a list of all supported services. 
# SvclnfoRes(SvclO, description) 
The response to an information request for a service includes the service identifier and 
the service description. 
# SubscribeToSvcRes(SvclD, AgmlO, content) : Result 
The response to a subscription request includes the service identifier, the agreement 
identifier and the agreement content. The content is an operator specific legal statement. 
The result is an 'accept' or 'reject' message from the SP. The 'accept' message must 
contain the service and agreement identifier, the content and a signature. This signature 
is an operator and implementation specific parameter. 
- SubscribeSP{SvclD, SplO) 
The FW manager subscribes the SP for the service. The service identifier and SP 
identifier are required for this operation. 
- SvcUpdate(SplO, SvclD, description) 
The FW manager informs all subscribed SP about the new service. The message 
contains a service description and the service identifier. This enables the SP to directly 
subscribe to the service. 

Authentication Class 
- AuthenticateRes{SplD, AuthMethod): Result 
The response from the authentication process includes the SP's identifier and the 
authentication method identifier. The result is an 'accept' or 'reject'. 

Subscription class 
- SubscriptionRes(SvclD, SplD, AgmlD) 
The response from the subscription process includes the service identifier, the SP's 
identifier and the agreement identifier. 

Besides the external relationship between the external party and the system, there are a 
number of roles and processes within the system. The first internal relationships that will 
be covered are shown below. Figure 47 shows the class diagram for the relationship 
between the framework manager and a service manager. A FW manager will handle the 
service registrations for all new services. The service managers will send these 
registrations to the FW manager. The service managers authenticate the party that 
requests the service and check its subscription. The subscriptions database is used in 
both cases. All requests from the SP that were handled by the service manager are 
stored in the subscriptions database. This information can be requested by other service 
managers. 
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Figure 47 Class diagram for a service manager 

All communication between the service manager and the other parties remains within the 
system and is therefore private. A number of identifiers will be used to be able to 
distinguish the operations at all times. Two identification levels are introduced; sessions 
and assignments. A session is a service session, i.e. the entire communication process 
between the SP and the service manager. An assignment is the execution of one 
operation. A session can consist of multiple assignments. A SP can have multiple 
simultaneous sessions with a service manager. Individual assignments can be identified 
with the combination of the session and assignment identifiers. For each service, the 
operations are shown and explained. A sequence diagram shows the interactions 

Service Manager class 
- AuthenticateSP (SplD) : Result 
The authentication of the SP is based on the SP's identifier. The result is an 'accept' or a 
'reject' . 
- SubscriptionReq(SplD, SvclD): Result 
The service manager checks if the SP is subscribed to the service by referencing the 
subscriptions database. The result is a 'yes' or a 'no'. 
- StoreEvent(SplD, SvclD, SesslD, AsslD, result) 
All events are stored in the subscriptions database. An event includes the SP and service 
identifiers, the session and assignment identifiers and the results of assignments (if 
existing). 
- RegisterSvcReq(name, description, agreement) : Result 
The service manager requests a service registration from the FW manager. It needs to 
provide the service name, description and agreement. The result is a unique service 
identifier issued by the framework manager. 

Framework manager class 
- RegisterSvc(SvclO, name, description, agreement) 
A service registration is accompanied by the service name, description, agreement and 
identifier. 

Authentication class 
- AuthenticateRes(SplD) : Result 
The authentication process is performed based on the SP's identifier. The subscriptions 
database is used in the authentication process since it contains information about the SP. 
The result is an 'accept' or 'reject'. 

The services database and the subscriptions database both have a number of 
attributes. These attributes represent entry categories in the database. 

The relationships between the service managers and the three services are shown below. 
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Figure 48 Class diagrams for the relationship service manager (8M) - service 

As can be seen in the class diagram, the service managers (SMs) request the operations. 
The services will perform the actual operations. The services will use network elements 
for the operations. If for any reason, the service can not be provided; the service will 
generate an error message. 

User Profile Service Manager Class 
- PoiReq(SplD, AsslD, SesslD) : Result 
The request for the Privacy Override Indicator (POI) of a SP includes the SP identifier, an 
assignment identifier and a session identifier. The POI means that the SP is allowed to 
localise the user at all times. The POI is set by the operator. The unique assignment 
identifier is issued by the user profile SM. The assignment identifier is used to distinguish 
all service requests from the service manager. The unique session identifiers are issued 
by the service manager that handles the first service request in the SP's session. The 
result is the POI or 'empty'. 
- LocStatusReq(UserlD, AsslD, SesslD) : Result 
The request for the user settings for localisation includes the user identifier, an 
assignment identifier and a session identifier. The request can be made for a number of 
users. The user identifier is a unique reference for the user (e.g. phone number, IMSI). 
The result is an 'allow', 'don't allow' or 'ask me'. 
- UserPermReq{UserlD, SpIO, AsslD, SesslD) : Result 
The user will be asked for permission using the user interaction process. The request for 
permission contains the SP's identifier, the user identifier and the assignment and 
session identifiers. The result is a 'allow' or 'don't allow'. 

User Profile Class 
- PoiRes(SplD, AsslD, SesslO, status) 
The response to the POI request contains the SP, assignment and session identifiers, 
and the status. The status is the POI or 'empty'. 
- PoiErr(AsslO, SesslO, cause) 
Errors that occurred are sent with the assignment and session identifier, and a description 
of the cause. The cause description format is implementation dependent.
LocStatusRes(AsslD, SesslD, status) 
The status report for the localisation settings contains the assignment and session 
identifiers, and the status. The status is a 'allow', 'don't allow' or 'ask me'. 
- LocStatusErr(AsslD, SesslO, cause) 
Errors that occurred are sent with the assignment and session identifiers, and a 
description of the cause. The cause description format is implementation dependent. 

User Interaction Class 
- UserPermRes(UserlD, AsslD, SesslD, status) 
The status report for the user's permission includes the user, assignment and session 
identifiers, and the status. The status is 'allow' or 'don't allow'. 
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- UserPermErr(AssID, SessID, cause) 
Errors that occurred are sent with the assignment and session identifiers, and a 
description of the cause. The cause description format is implementation dependent. 

Location Service Manager Class 
- AuthorisationReq(SplD, UserID, SessID) : Result 
The service manager checks to see if the SP is authorised to localise the user for a 
specific service session. The authorisation is located in the subscriptions database. The 
request includes the SP, user and session identifiers. The result is a 'yes' or 'no'. 
- UserLocReq(Userlo, AssID, SesslD) : Result 
The user location request includes the user, assignment and session identifiers. The 
unique assignment identifier is issued by the user profile SM. The assignment identifier is 
used to distinguish all service requests from the service manager. The unique session 
identifiers are issued by the service manager that handles the first service request in the 
SP's session. The result is the user's location. The location format is operator specific. 
- PrdUserLocStartReq(UserlD, AssID, SesslD, period) : Result 
The start periodic user location request includes the user, assignment and session 
identifiers, and the time interval. The time format is implementation dependent. The result 
is a periodically updated location report. 
- PrdUserLocStop(Asslo) 
The stop periodic user location operation contains the assignment identifier. 
- Trg UserL ocStartReq (Use rID, Asslo, Sesslo, trigger) : Result 
The start triggered user location request includes the user, assignment and session 
identifiers, and the triggering criterion. The criterion is operator specific (e.g. cell changes, 
distance from last location). The result is an updated location report triggered by the 
criterion. 
-TrgUserLocStop(Asslo) 
The stop periodic user location operation contains the aSSignment identifier. 

Location Class 
- UserLocRes(Asslo, Sesslo, location) 
The response to the user location request includes the assignment and session 
identifiers, and the location information. 
- UserLocErr(AsslD, SessID, cause) 
Errors that occurred are sent with the assignment and session identifiers, and a 
description of the cause. The cause description format is implementation dependent.
PrdUserLocRes(Asslo, Sesslo, location) 
The response to the periodic user location request includes the aSSignment and session 
identifiers, and the location information. The response is updated periodically. 
- PrdUserLocErr(AssID, SesslD, cause) 
Errors that occurred are sent with the aSSignment and session identifiers, and a 
description of the cause. The cause description format is implementation dependent. 
- TrgUserLocRes(Asslo, SessID, location) 
The response to the triggered user location request includes the assignment and session 
identifiers, and the location information. The updated response is triggered by the 
criterion. 
- TrgUserLocErr(Asslo, Sesslo, cause) 
Errors that occurred are sent with the aSSignment and session identifiers, and a 
description of the cause. The cause description format is implementation dependent. 

Bill User Service Manager Class 
- PmtStatusReq(UserID, Asslo, SesslD) : Result 
The request for the user's payment status includes the user, assignment and session 
identifiers. The aSSignment identifier is used to distinguish all service requests from the 
service manager. The unique session identifiers are issued by the service manager that 
handles the first service request in the SP's session. The result is the payment status. 
The can be 'pre-paid' or 'post-paid'. 
- CredReq(Userlo, Asslo, SessID, price) : Result 
The credibility request contains the user, assignment and session identifiers, and the 
price of the service. The result is an 'accept' or 'reject'. 
- ProcessSdrReq(UserID, AssID, SesslD, content) 
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The process service detail record (SDR) request includes the user, assignment and 
session identifiers, and the content of the SDR. The SDR content is operator specific. 

Bill User Class 
- PmtStatusRes(Ass/D, Sess/D, status) 
The response for the status request for the user's payment method includes the 
assignment and session identifiers, and the status information. The status can be 'pre
paid' or 'post-paid'. 
- PmtStatusErr(Ass/o, cause) 
Errors that occurred are sent with the assignment and session identifier, and a description 
of the cause. The cause description format is implementation dependent. 
- CredRes(Ass/D, Sess/D, status) 
The response to the credibility request includes the assignment and session identifiers, 
and the credibility status. The status is 'accept' or 'reject'. 
- CredErr(Ass/o, cause) 
Errors that occurred are sent with the assignment and session identifier, and a description 
of the cause. The cause description format is implementation dependent.
ProcessSdrRes(Ass/D, Sess/D, Trans/D) 
The response to the process SDR request includes the assignment and session 
identifiers. It also includes a transaction identifier issued by the operator's customer care 
system that handles the request. 

- ProcessSdrErr(Ass/D, cause) 
Errors that occurred are sent with the assignment and session identifier, and a description 
of the cause. The cause description format is implementation dependent. 

5.3.2.2 Sequence diagrams 

The authentication request from the SP is followed by the selection of a authentication 
method and results in the authentication of the of the SP. Once the authentication is 
finished, the process will be killed. The SP can now request a service list and additional 
information for a specific service. The list and the service description will be retrieved 
from the services database. The subscription request from the SP results in a response 
containing service agreement retrieved from the service database. The SP sends the 
signed agreement to the FW manager, which creates a service subscription. The 
subscription will be stored in the subscriptions database. Announcing a new service is 
handled by the FW manager. It sends a service update message to all SP's. Figure 49 
shows the sequence diagram for the framework manager. 
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Figure 49 Sequence diagram for the framework manager 
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Figure 50 shows the sequence diagram for the service manager's operations. 
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Figure 50 Sequence diagram for the service manager 

The authentication of the requesting SP is based on the information in the subscriptions 
database. This information has been stored there during the initial authentication process 
performed by the framework manager. Once the authentication is finished, the process 
will be killed. The service manager will check to see if the SP is subscribed to the service. 
The registration of a new service starts with the registration request from the service 
manager to the framework manager. The latter creates a registration, which will be stored 
in the services database. 

Figure 51 shows the sequence diagrams for the user profile, location and bill user 
services. The diagrams show a lot of similarity. All service requests for can get the 
expected response or an error. All service operations have error responses, because the 
network should be regarded as unreliable. The repeated responses for the periodic and 
triggered location updates are shown with a vertical dotted line. The service instances are 
created with the request of the service manager. The instances are killed when the an 
error occurs or when the (final) response has been send. The large Xs mark the end of a 
process' lifecycle. 

5.3.2.3 State Diagrams 

The dynamic behaviour of the system can be further analysed using state diagrams. A 
state diagram describes all possible states that an object can get into. The diagram also 
shows the state transitions. An object can only perform certain operations in each state. 
State diagrams are particularly important for objects that will receive different requests 
irregularly. This is true for the framework manager and the service managers. The 
services and subscriptions databases also receive requests irregularly, but for each 
request a dedicated instance is created. Therefore the databases will be capable of 
accepting requests at all times. The creation of instances will be explained further on. The 
same thing holds for the authentication process and the three service processes. 
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Figure 51 Sequence diagrams for the user profile (a), location (b) and bill user (c) seNices 

The framework manager can take one of three states. The basic state is the IDLE state. 
In this state, the FW manager can accept requests from the SP. The state will change to 
ACTIVE or WAITING when a request is received depending on the operation. During 
these states, the framework is not able to handle any other requests from this SP. After 
an operation request has been performed the state will change back to IDLE. The state 
will change to WAITING for the AuthenticateSP() and SelectAuthMethod() operations. 
The framework will wait for the authentication of the SP before it will handle any other 
requests from the SP. The state will change to ACTIVE for the duration of the operation. 
Figure 52 shows the state diagram for the framework manager. 

Figure 52 State diagram for the framework manager 
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The state transitions described above are explicit transitions, there are also implicit 
transitions. There are two timers that have to be taken into account. The authentication 
timer is a timer that is set once the authentication process starts. If the authentication 
process does not respond within that time, the framework manager will change back to 
the IDLE state and the SP will be informed that authentication failed. The second timer is 
the keepalive timer that can be set for the SubscribeSP() operation. When this timer 
elapses, the framework manager changes back to the IDLE state and the SP will be 
informed that the subscription failed. 

The service managers show a similar state diagram as for the framework manager. The 
normal state is the IDLE state. The state will change to the WAITING state for a 
AuthenticateSP() or SubscriptionReq() operation. The service manager can handle no 
requests from the SP when its in WAITING state. The RegisterSvcReq() will also change 
the state to the WAITING state. The service manager can not get any requests before it is 
registered with the framework. The service specific operations change the state to 
ACTIVE state for the duration of the creation of a new instance. Figure 53 shows the 
state diagram for a service manager. 

Authentic;JteRes() 
~ 

AuthenlicateSPO 
SubscriptionReqO 
RegisterSvcReqO 

Figure 53 State diagram for a service manager 

The implicit state transitions for the service manager are caused by the authentication 
timer and the keepalive timer. The network errors are covered by the error operations and 
are therefore explicit state changes. The keepalive timer changes the state from ACTIVE 
to IDLE when a service operation has not responded when it elapses. 

This concludes the analysis phase in the design process. The class diagrams function as 
the summary of all operations. The class descriptions show how the attributes are used 
as parameters for the operations. The sequence diagrams show the interactions between 
the parties involved in the process. The state diagrams indicate the dynamic behaviour of 
the system. Before proceeding with the component architecture, the possibilities for re
use need to be considered. There are two interfaces that are used more than once by 
several classes. These interfaces are the AuthenticateSP() and SubscriptionReq() 
interface. These two interfaces indicate that there is a possibility for re-use. Both the 
framework and service managers use the AuthenticateSP() operation every time the SP 
starts a new session. The SubscriptionReq() operation is used every time a SP starts a 
session with a service manager. 

5.3.3 Component modelling 

The goal of this phase is to describe all components needed to implement the system and 
the relationship between them. The process to tackle this is called packaging. Packaging 
according to UML is the functional grouping of classes. Classes will be grouped into one 
'superclass'. Package diagrams show the relationship between the packages. The two 
views (internal and external) introduced in the previous section are used to package the 
class diagrams. For the external view, a framework package can be defined. The 
framework package consists of the framework manager, the subscription and the 
authentication. The other packages seen by the SP are the packages for the individual 
services, i.e. user profile package, location package and bill user package. The user 
profile package consists of the user profile service manager. The location package 
consists of the location service manager. The bill user package consists of the bill user 
service manager. 

From the internal view, the framework package is extended with the registration class. 
The user profile package is extended with the authentication, the user profile service and 
the user interaction service. The location package is extended with the authentication and 
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the location service. The bill user package is extended with the authentication and the bill 
user service. 

Framework 

Framework manager 
Authentication 
Subsc ription 
Registration 

User Profile 

User Profile service manager 
User Profile service 
User Interaction service 
Authenticalion 

location 

Location service manager 
Location service 
Authentication 

Figure 54 System packages 

Bill User 

Bill User service manager 
Bill User service 
Authentication 

From the packages shown above it can be seen that all packages use the Authentication . 
class. The authentication class can be re-used; it is therefore a separate package with a 
relationship with all classes. The authentication package consists of a number of 
authentication methods supported by the operator. The SP is also a package, since it 
provides the input for the system. The service provider package can consist of a 
number of classes (e.g. applications). The SP's classes are out of the scope of this 
report. The package diagram is shown below. The mutual dependencies among the 
packages are the sum of the relationships described in the previous section. The arrow 
points out who (start) depends on who (end). In short, the SP depends on the 
functionality of the framework and the services; the framework and the services depend 
on the authentication. 
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Figure 55 System package diagram 

The packages defined in this section can be translated into components. The user profile, 
location and bill user packages can be represented by two components: a session 
component and an entity component. A session component performs all operations 
belonging to a service session with the SP. The session components represent the 
service managers. An entity component performs a single task. An instance of this 
component will be created for each request from the session components. The instance 
will be killed when the operation has finished. The entity components represent the 
services (User Profile, Location and Bill User). 

The framework package is represented by a session component, which represents the 
framework manager. The subscription and registration are entity components that 
represent entries in the associated databases. The authentication process is represented 
by an entity component that performs the authentication. Each instance of this 
component is an authentication of the SP by an authentication server. 
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Before proceeding with the component development phase, the packages need to be 
reviewed for possible re-use. A component library can be established to find possibilities 
for re-use. The library consists of four session components: 
• Framework Manager 
• User Profile service Manager 
• Location Service Manager 
• Bill User Service Manager 

There are 7 entity components: 
• Subscription 
• Registration 
• Authentication 
• User Profile 
• Location 
• Location 
• Bill User 

The User Interaction and Bill User services can be re-used; not in this service, but in a 
number of other services. Therefore the User Interaction function will be a separate 
component in the architecture. The Bill User service has already been recognised as a 
separate component. 

5.3.4 Component Development 

The final step in the design process for a functional design is the component 
development phase. This phase identifies all components and their mutual relationships. 
Implementing the actual components is also part of this phase. Some techniques will be 
introduced later in this section to give the reader an idea of possible implementations, but 
the actual implementation is out of the scope or this report. 

The interfaces for the databases depend on the implementation. The interface for the 
operator's Customer Care System (CCS), which is used for billing the customers; is 
operator dependent. The interface between the location service and the Gateway Mobile 
Location Unit (GMLC) needs to provide the functionality described in section 3.4. The 
privacy procedures for location services in UMTS are described in [23). The Privacy 
Override Indicator (POI) is located in the GMLC. If a service provider has a POI (e.g. the 
Police), it is always authorised to localise a user. The user privacy settings are all stored 
in the Home Location Register (HLR). The interfaces for the HLR and the GMLC are 
vendor dependent. 

The entire service architecture is shown below using the 3-tier approach. This approach 
ties three layers together: the presentation layer, the service logic layer, and the 
databases and existing systems. 

The architecture of the system shown below concludes the functional design. The next 
step towards the service development is the implementation of the components. A 
number of technologies are commercially available that can implement the component. 
There are already off-the-shelve components available for those technologies. In 
deciding, which technology to use; important criteria are: 

• Are there off-the-shelve components? 
• Is the technology standardised? 
• Is the technology widely supported? 
• Can the technology be extended with proprietary solutions? 
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5.3.4.1 Service development and deployment3 

ICS/EB 751 

Databases & I Existing Systems 

CCS 

GMLC 

This last phase implements the entire system. This includes implementing the interfaces 
between the components, the components will be assembled and the architectural 
framework will be deployed. This phase also includes testing the system. 

Architectural frameworks have been developed for many systems. The most famous are 
Microsoft's COM/DCOM, OMG's CORBA and JavaSoft's RMI. The interfaces between 
the components can be implemented using an Application Program Interface (API) 
description language. The Parlay consortium has defined API specifications for specific 
telecommunication operations. The Parlay specifications are fully compliant with the OSA 
standard. A description of the Parlay API specification language is included in appendix 
5. It also describes the Parlay Framework and Mobility interfaces. 

A possible deployment diagram is illustrated in the figure below. 

3 This phase is out of the scope of this report. It is added for the interest of the reader. 
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Figure 57 Possible service deployment diagram 

5.4 Performance, scalability and reliability 

Performance, scalability and reliability are important criteria to compare systems. 
Therefore these criteria are important requirements. The system is designed to cope with 
these criteria, independent of the technology. 

5.4.1 Performance 

The system performance is inherently related to the number of requests the system can 
handle in a fixed time (e.g. requests/second). All requests received by the framework 
manager and service managers are executed by instances of the entity components. The 
managers will not wait for the result of the operation and will therefore be able to accept 
requests at all times. The only limiting factor is the authentication process. The framework 
manager will not be able to handle new requests from a SP before it is authenticated. The 
manager will be available for requests from other SP's. Killing the instance after the 
operation has been finished improves the performance. The system does not take up 
unnecessary processing power by reserving processing capacity for future requests. The 
number of assignments that can be performed simultaneously is limited by the network 
element capacity. The assignments will be appointed using a First In First Out (FIFO) 
queue. This means that the first available assignment will be granted to the request that 
was first received by the manager. 

5.4.2 Scalability 

Scalability of a system means that it must be capable of handling a growing amount of 
users and requests. The scalability is assured by the use of component based 
development technology. New components can be easily installed. This also means that 
existing components can be extended or doubled. The maximum number of users is 
limited by the databases. In reality this will not be a limiting factor because there are 
numerous database systems available that handle virtually any amount of data. 

5.4.3 Reliability 

System reliability can be measured by the 'up' time of the system. The system must be 
available for requests at all times. As was described above, the only time a service or 
framework manager is unavailable for requests is during authentication. It will not handle 
any requests from a SP before it is authenticated. This lowers the chance of spoofing, 
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which makes the system more secure. Another effective method to increase the system's 
reliability is to build in redundancy. Redundancy is realised by installing all servers twice. 
One server will perform the operations, the other functions as an active standby. The 
second server will take over all operations from the first without losing sessions. 

5.5 Summary 

This chapter has introduced and worked out an architecture for facilitating location based 
services. The proposed architecture is the first step to opening up the network for third 
party service providers. In designing the service architecture, the goal was to make it 
consistent with the OSA standardisation. The design includes the components and the 
static and dynamic relationship between them. The interfaces are defined and described. 
The component architecture has been introduced, showing the component 
dependencies. This chapter has also briefly looked into a possible implementation of the 
system. Finally, the chapter has discussed the important criteria used to appraise a 
system. 
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6 Conclusions & Recommendations 

This chapter presents the conclusions and recommendations for this report. 

Conclusions: 
• E-OTO is a network based solution that is able to localise users with a high accuracy 

and relatively low measurement delay. The implementation of this technique has a 
formidable impact on the existing GSM network. The system can however satisfy the 
accuracy demands issued by the FCC for the USA. The impact on the UMTS network 
is considerably less, since this network will be equipped with synchronised base 
stations. 

• The Open Service Architecture enables an NO to facilitate third party services. The 
architecture provides access to network specific information. The standardised 
interfaces allow the SP to autonomously develop new services. These interfaces also 
uphold the integrity of the NO, by explicitly specifying the methods available for the 
SPs. 

• The design methodology introduced in this report is a helpful guideline for designing 
complex systems. By using a component based development approach the 
possibilities for re-use can be identified at an early stage. The UML notation language 
provides all necessary techniques to analyse and describe the system's behaviour. 

• The service architecture designed in this report is capable of facilitating third party 
location based services. The design fulfils the requirements. 
• A high performance is realised by using session and entity components. 
• The system is highly scalable due to the component based design. 
• System reliability can be optimised by adding redundancy in the design. 

• The mobile route planner service can be provided using the service architecture 
designed in this report 

Recommendations: 
• KPN Mobile should choose and install a location technique in order to be the first to 

provide location based services. It is foreseen that the European Committee will also 
obligate mobile network operators to provide location information to emergency 
services within 2 years. Therefore, installing a Cell-IO technique in the current 
network will enable the operator to do field tests to establish the accuracy and 
reliability of the system. For UMTS E-OTO is preferred, but it is worth considering 
installing A-GPS. KPN Mobile has to make up the balance between functionality 
(accuracy, delay) and investment. 

• It is recommended to closely follow the developments in the mobile handsets. New 
services and specifically location base services will require additional functionality in 
the handsets. StrategiC alliances with handset vendors will lead to mutual benefit. 
The vendor can test their prototypes in an operational network. The operator will be 
have the advantage of foreknowledge so that it can antiCipate to new handset 
developments at an early stage. 

• The design methodology introduced in this report has proven to its value for this 
design. It can be used to design other systems. The methodology provides a 
complete specification for the system. In some cases the process may seem lengthy 
and too complete. More experience with this methodology will result in a better 
understanding of the processes and will enable the designer to make the correct 
choices to leave certain parts out to speed up the design process. 

• KPN Mobile should implement and test the architecture to provide a proof of concept. 
It will also result in more hands-on experience with third party service provisioning. 
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• 3GPP OSA developments are closely linked to the API specification developments. 
OSA is an official UMTS standard and also takes into account the mapping of the 
third party interfaces onto specific (mobile) network protocols (e.g. MAP and CAP). 
KPN Mobile should therefore participate in the 3GPP (UMTS). 

• KPN should participate in API specification groups (e.g. the Parlay consortium), in 
order to be able to influence the specification of new interfaces and have access to 
these speCifications at an early stage. 
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Appendix 1 Allocation table of LCS in GSM 

Table 21 Allocation of LCS functions in network elements 
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Appendix 2 Allocation tables of LCS in UMTS and UTRAN 

Table 22 Allocation of LCS functions in UMTS network elements 

Table 23 UMTS LCS functions in UTRAN 
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Mobile Commerce (M-Commerce). Leading investment firms like Forrester and 
Durlacher have high expectations for M-Commerce. Predictions for M-Commerce 
revenues already amount up to 2 Billion US$ by the year 2004 for The Netherlands only, 
see [18J for more information. The next section will describe a number of technologies 
and applications that will enable M-Commerce applications. This section will give a 
general introduction in to M-Commerce applications. 

M-Commerce applications can be divided into the following categories: 
• Mobile Financial Services 
• Mobile Shopping 
• Mobile Advertising 
• Mobile Entertainment 
• Mobile Information Management 

Figure 58 M-Commerce service portfolio 2003/2004 

Mobile Financial Services 

Mobile Advertising (23"0) 
Cell broodc.arts 

Financial services can be further divided into a number of applications. Mobile banking is 
a form of on-line banking, which is already offered by most banks. It offers the user 
access to its account or credit card statistics (e.g. balance, transactions, etc.). But the 
user can also perform financial transactions to pay for invoices or to transfer funds. This 
application can be based on SMS or voice. More sophisticated techniques can also be 
used, e.g. SIM Application Toolkit or WAP. 

Mobile cash is an application, which enables the user to load cash onto its bank card 
attached to the mobile terminal. The terminals have to be equipped with card readers, the 
consequence that the terminals become bigger in size. This smartcard technology has 
been tested already and the main problem is the interoperability between the 
technologies used by different vendors. SIM Application Toolkit can offer a possible 
solution to this problem. 

The opposite of this application, called mobile payment, has also been implemented. 
When a user orders a product, the retailer sends an SMS containing the price. The user 
will then insert its bankcard and give in some kind of password. The information will then 
be sent to the user's bank. Another example of mobile payment is the Cola-machine 
service developed by Sonera (Finland). In their solution a client dials a specific phone 
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number (for the cola-machine). The NO will charge the user and notify the machine that it 
can release the wanted product. Other technologies used for mobile payment are WAP 
and Bluetooth. 

Mobile Shopping 

Smartphones can be used to order goods from retailers. The Internet can also be used to 
order goods, but this is generally not a real-time service and it takes some time to get 
connected to the Internet. When using a mobile terminal, both problems are solved. The 
services can even be location dependent, which will speed up the delivery even more. 
Another example of mobile shopping is mobile ticketing. This application enables users to 
reserve and buy tickets with their mobile terminal. Reserving tickets can be handled by a 
web interface using WAP. The ticket can then be downloaded on the terminal and this 
terminal will communicate with the counter using Bluetooth or infrared. 

Mobile auctioning has also been mentioned as a new promising mobile application. It 
features continuous updates of the latest bids using e.g. SMS. Thus, the user doesn't 
have to be online. WAP can further enhance the application especially regarding its real
time performance, but in this case the user has to stay online. 

Making reservation for restaurants or hotels is a typical value adding application for 
mobile commerce. By combining the use of WAP with location information, it becomes 
really easy for a user to find and book a restaurant or hotel of choice in its vicinity. Ideally 
the mobile terminal can even function as a navigator to the destination. 

Mobile Advertising 

There are lots of possibilities for mobile advertisers. Mass advertising through broadcasts, 
but also one-to-one marketing is possible, by keeping detailed user profiles. Localised 
advertising again is a highly interesting possibility for advertisers. Users can be offered a 
portal in which they can set their preferences regarding wanted or unwanted advertising. 
Currently SMS is used as a bearer for mobile advertisements, but in future these 
messages can also contain video or audio. 

Mobile Entertainment 

Mobile gaming, music and video are all examples of mobile entertainment applications. 
There are already some games on specific mobile phones, but no multi-player games are 
available yet. In future the number of players participating in one game could actually 
depend on the location the terminal is in . Music on mobile phones is currently possible 
using the MP3 format, playing stored music. Streaming audio will become possible in 
near future using GPRS and new billing algorithms. The same holds for streaming video. 
The MPEG-4 standard uses a relatively low bitrate, which is expected to be realised with 
UMTS in 2003. 

Mobile Information Management 

As described before, the mobile terminal can be used as a secure storage device. The 
information can be read using Bluetooth, infrared or other devices/protocols that can 
communicate with the terminal. Applications that use this property are e.g. mobile 
membership, mobile medical record and mobile passport. 

Network-related services 

Network based services are services that involve (intensive) use of network elements. 
Currently only NOs have access to these elements. With a TP interface, others can also 
offer these services. 

Call Control 

Call control services require user access to network elements. The user can edit a 
personalised set of preferences regarding his calls. Call blocking, call forwarding and call
back when busy are all examples of call control services that are available in fixed 
telephony. 
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The voicemail service is you personal answering machine in the network. The 
voicemailbox will contain a personal message. All messages from callers will be recorded 
and stored during a predefined time. The user is able to control his voicemailbox. He can 
switch the box on or off, save or delete messages, and add a PIN code for security. In 
future a voicemailbox will not only contain the caller's message, but also information 
about the caller (e.g. phone number, identification). 

QoS Control 

With data services emerging in mobile communication, the Ouality of Service (OoS) of the 
connection becomes more and more important. In UMTS for example, 4 OoS classes 
have been defined: 
• Conversational (voice, VoIP, Video conferencing) 
• Interactive (Web browsing, Teleworking, Teleshopping) 
• Streaming (streaming audio, streaming video) 
• Background (E-mail, file downloading, PDA synchronisation) 
When sending e-mail messages or surfing the Internet, small delays are acceptable. With 
real-time data services (streaming services), these delays are disturbing and therefore 
unacceptable. The NO decides what class will be used, but it could also offer the user the 
choice in OoS level for a connection. 
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This appendix contains brief descriptions of the technologies that enable the m
commerce applications described in the previous section. Most of the technologies are 
not relevant for this report and are therefore not described in great detail. 

SMS (Short Message Service) 

The Short Message Service was first introduced in 1992. The service basically provides 
the ability to send and receive text messages to and from mobile phones. A message can 
contain up to 160 alphanumeric characters. SMS usage has grown explosively in the last 
few years and it is believed to keep on growing with a factor two every half year. Most m
commerce applications will start out using SMS and will later on switch to WAP. 

Terminal technologies 

There are a number of technologies that operate mainly on the mobile terminal, using its 
processing and storage capabilities. This appendix described some promising 
technologies, currently being developed and evaluated. 

MExE (Mobile Station Application Execution Environment) 

Essentially, MExE incorporates a Java virtual machine (JVM) into the mobile phone. The 
purpose of MExE is to provide a framework on mobile phones for executing operator or 
service provider specific applications. It allows full application programming. Services can 
be downloaded from a Service Provider that supports MExE and then be carried out on 
the terminal itself, or the user can even develop its own applications. The protocol is 
integrating location services, sophisticated intelligent customer menus and a variety of 
interfaces, such as voice recognition. MExE will incorporate WAP, but also provides 
additional services exceeding the WAP functionality. Both WAP and MExE are defined to 
work with a wide range of network services (SMS, GPRS, UMTS), but the fact that MExE 
allows full application programming also leads to the necessity of security mechanisms to 
prevent unauthorised access to the user's data. A MExE terminal can inform a MExE 
server of its capabilities. 

Currently, two mechanisms for the offering of MExE services have been standardised: 

• MExE terminal type 1 - based on WAP - only requires limited input and output 
facilities on the terminals (displaying 3 lines of 15 characters, numerical keypad) and 
can even be using slow dataconnections. 

• MExE terminal type 2 - based Personal-Java - requires more extensive capabilities of 
terminals with respect to processing, memory capacity, display and network 
resources. However, it allows more powerful applications and a more flexible user 
interface. MExE type 2 terminals also support type 1 applications 

Currently, MExE is still an immature technology and can be seen as a logical step after 
WAP. It can be expected that MExE based on WAP will be available from the first quarter 
of 2001 and MExE based on Java from the first quarter of 2002. 

The first contact between the MexE Mobile Station (MS) and the MExE Service 
Environment (MSE) takes place when the MS connects to the MSE and informs it about 
its capabilities. Without initial contact from the MS, the MSE has no knowledge of the MS, 
and thereafter the MSE can contact the MS using HTTP or a derived protocol. Call control 
is handled by the use of three libraries: 

• Public library: these functions are available in all networks, and can be provided by 
any (third party) service provider 

• Network common library: functions that are available in all networks, but can only be 
provided by the NO. 

• Network specific library: functions that are only available in certain networks, and can 
only be provided by the NO 
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SAT technology allows network operators to send applications over the air as SMS or as 
Cell Broadcast message in order to update SIM cards with changed or new services. SAT 
applications are built in Java for a client server environment. SAT servers have been built 
by smartcard specialists (Gemplus, Giesecke & Devrient and Orga), as well as 
independent developers (Across Wireless of Sweden). SIM Toolkit handsets have been 
developed by all major cell phone manufacturers. But because of the wide variety in 
protocol classes, although all claim to be built on the GSM standard, not all handsets 
allow all applications. Note that SAT is completely seperated from the GSM functionality 
on the SIM. This way the Mobile Equipment (ME) can commmunicate with SAT 
independently from the GSM communication. In contrast to SAT, WAP provides a more 
web-centric/thin client environment that is easier to manage and to maintain. 

SIM Application Toolkit is targeted at phones that do not yet fall into the smartphone 
category. Small programs can be fairly simply created by the network operator. Security 
is a key feature of SIM Toolkit, since data confidentiality and integrity are already included 
in the standard. Mobile banking has been the trial application with the strongest demand 
for SAT, but mobile e-mail and mobile information services have been also helping the 
demand for it. 

It is expected that, although SIM Toolkit is being heavily pushed by the smartcard 
industry, it will be an interim technology and will not be able to survive once GPRS 
terminals hit the market, since WAP will be the GPRS-supported protocol. WAP 2.0 will 
include SAT. However, SAT is available now and it enables numerous trial applications 
today that can be tested for demand and impact in the market. SIM Toolkit helps to create 
the market, awareness and business models for mobile commerce, but many operators 
are directly implementing WAP. 

Jini 

Jini is a general system which enables the interworking af all kinds of devices by plugging 
into a network of Jini devices. Jini is meant for short-range connectivity as well as 
Bluetooth. Jini defines a set of API's and protocols to realise a distributed system 
organised as a federation of services. Jini is built on top of RMI (Remote Method 
Invocation) and makes use of RMI's ability to send object across the network. 

JavaPhone™ 

The JavaPhone API is a vertical extension to the PersonalJavaTM platform developed 
through an open process between Sun Microsystems and key leaders in the 
telecommunications industry. Combined with the PersonalJava platform, the JavaPhone 
API provides an ideal environment allowing the safe delivery of dynamic information 
services on telephony devices. The API is designed to provide access to the functionality 
unique to client telephony devices such as wireless smartphones and Internet 
screenphones. This functionality includes: 

• Direct telephony control 
• Datagram messaging 
• Address book and calendar information 
• User profile access 
• Power monitoring 
• Application installation 

The JavaPhone API allows device manufacturers to shorten development cycles and 
improve the quality of their products through the use of prebuilt software components on 
a stable deployment platform. The API also broadens the market for content providers by 
providing portability across a wide number of telephony devices. Finally, the JavaPhone 
API allows network operators to dynamically deliver new types of applications and value
added services to a variety of telephony devices, lowering operation costs and increasing 
customer loyalty. 
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Camel (Customised Application for Mobile network Enhanced Logic) 

The standardised implementation of IN in the GSM network is called Camel. It enables 
Operator Specific Services across network boundaries. Although Camel was developed 
for call-related services, it also supports GPRS and SMS. The GSM network needs to 
contain a Camel SCP (Service Creation Point) which will be updated with the CSI (Camel 
Subscription Information). The MSC's in the network also contain an SSF (Service 
Switching Fuction). The owner of the SCF decides which SSFs may access SCF. The 
owner of the HLR decides which SCFs may access the HLR. Camel functionality is 
independent of the terminal type, capability, processing power, etc. It is also independent 
of the SIM-card and can offer real-time services. A flow for the end user might be that the 
services offered, depend solely on the network operator. 

WAP (Wireless Access Protocol) 

The Wireless Access Protocol is an open, global standard for mobile solutions, including 
connecting mobile terminals to the Internet. Interactive, real-time mobile services can be 
designed using W AP based technology. 
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A W AP protocol stack can be mapped onto the Internet protocol stack as shown in the 
figure below. 

Table 24 Protocols stacks for Internet and WAP 

Internet Wireless Application Protocol 
HTML 

Wireless Application Environment 0N AE) 
Javascript 

HTIP 
Wireless Session Protocol (WSP) 

Wireless Transaction Protocol (WTP) 
TLS- SSL Wireless Transport Layer Security (WTLS) 

Wireless Datagram Protocol 0NDP) 
TCP/IP User Datagram Protocol (UDP) 
UDP/IP Bearers: 

SMS USSD GPRS CSD CDPD HSCSD 
-

(source: Mobile Commerce Report, Dur/acher) 

The Wireless Mark-up Language (WML) is the current language used to design the WAP 
pages. 
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Parlay is the open and technology-independent API specification of the Parlay working 
group to provide Third Party enterprises access to network information and allow them to 
control a range of network capabilities. The information is presented in a unified way, 
while the choice to expose information and the control over who can use these services is 
in the hands of the network operator. 

The Parlay initiative was formed in April 1998. The Parlay group that generated the first 
version specification in December 1998 consisted of BT, Ulticom (formerly DGM&S 
Telecom), Microsoft, Nortel Networks and Siemens. This first version of the specification 
primarily addressed call control, messaging, and security. The current Parlay version is 
2.1 .. The second version of the Parlay specification has focused on the expansion of the 
API functionality particularly in the areas of wireless and IP services. One of the major 
goals of the second version of the specification is to facilitate the convergence of 
Wireless, PSTN and IP networks. Currently, the following companies are full members of 
the group: AT&T, BT, Cisco, Ericsson, Fujitsu, IBM, Logica, Lucent, Microsoft, Nokia, 
Siemens, SS8 Networks and Ulticom. Next to full membership, there is also a possibility 
to participate in the Parlay group as affiliate members, without voting rights on the 
acceptance of the specifications. 

Appendix 5.1 Parlay API Characteristics 

• Object-Oriented 

• Secure. The API does not directly open up the networks' signalling for public usege. 
Rather, network capabilities that are useful to TP enterprise business applications are 
encapsulated and made visible in a manner that maintains the integrity, performance, 
and security of the network. 

• Extensible. The Parlay API is extended in phases, adding new services and 
managing capabilities. The current version is Parlay 2.1 . The API can also be 
extended in a uniform way with proprietary interfaces, as will be discussed below. 

• Network Independent. Enterprise applications can operate across multiple network 
technologies. 

Appendix 5.2 The Parlay API architecture 

The Parlay architecture is shown in Figure 60. This figure illustrates the relationship 
between applications, the framework and service interfaces, resource interfaces and 
network equipment. The Parlay APls consist of two categories of interfaces: service 
interfaces and the framework interface. 

An implementation of the Parlay API will need to interface to network-based resources, 
through "Resource APls" as illustrated in Figure 60. The Resource APls provide a 
structured means to integrate network resources into the API implementation. Specific 
interfaces or APls that may already exist (such as H.323 or INAP) can be "plugged in" to 
this interface. This allows the Parlay API to be used in a wide variety of network 
situations, and avoids re-inventing functionality that already exists. 
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Appendix 5.3 Service interfaces 

-Figure 60 Parlay Network API Architecture 

These interfaces offer applications access to a range of network capabilities and 
information. The current (Parlay version 2.0) service interfaces are: 
• Messaging (Generic Messaging) 
• Call Control (Generic Call Control, Enhanced Call Control, Conferencing Call Control, 

Multimedia Call Control, Multimedia Conferencing, INAP1 Call Control, CAP Call 
Control, Generic User Interaction) 

• Mobility (User Location, Camel User Location, Emergency User Location, User 
Status) 

• Connectivity (Connectivity Manager) 

Appendix 5.4 Framework interface 

This interface provides the supporting capabilities necessary for the Service Interfaces. 
The functions provided via the Framework interface are: 

• Service registration, subscription and discovery. 
1. Parlay Service Suppliers (the NO, or TP service providers) can register their 

services on the Parlay Framework. 
2. Parlay Service Suppliers can (temporarily or permanently) disable their services 
3. TP Service providers and applications can discover registered services 
4. TP Service Providers can create subscription accounts for themselves and their 

client applications, and they can determine how to manage these accounts 
5. TP Service providers can subscribe to registered services through creating 

service contracts and service profiles 

• Authentication and authorisation 
1. Authentication is done through service contracts and service profiles. 

• Integrity management, logging and auditing 
1. Fault management. An activity test can be run on applications, Parlay services 

and the Framework itself. This can be requested by other applications or Parlay 
services. 

2. Load Management. Applications' and the Framework's load can be registered, 
queried, and managed by the Framework. 

3. Heartbeat mechanisms and supervision of services can be requested from the 
Framework. 
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In the next phase of Parlay (version 3.0), the following services shall be added 

• Billing 
• Enhancement of user profile and subsrciption data handling 
• Policy management 
• Mobile E-pay 
• Management support for the Framework 

Appendix 5.5 Parlay 2.1 Framework Interface 

ICS/EB 751 

When discussing the Parlay Framework interface, the SP is regarded as the 'client' and 
the NO as the 'provider' of the framework. The framework manager should provide the 
Parlay 2.1 Framework trust and security APls. This includes service registration, 
subscription and discovery, authentication and authorisation. Additional Framework 
functionalities such as integrity management, logging and auditing may be added later. In 
order to use the Parlay services, the TP application must always first contact the 
Framework. This is divided into three stages: 

Initial Contact 

The client application gains a reference to the Iplnitial interface for the Parlay Framework 
provider that theywish to access. This may be gained through a URL, an Application 
Support Broker, a stringified object reference, etc. The client application uses this 
interface to initiate the authentication process with the Parlay Framework provider. 

Authentication 

Once the client has made initial contact with the provider, authentication of the client and 
Parlay Framework provider may be required. The API supports multiple authentication 
techniques. The authentication mechanisms may be supported by cryptographic 
processes to provide confidentiality, and by digital signatures to ensure integrity. The 
actual authentication method used depends on the authentication capabilities of the 
application and of the Framework. The client application must authenticate with the 
framework before it will be able to use any of the other interfaces supported by the 
framework. 

Access 

After authentication, the client application can gain access to the framework's services, by 
invoking the requestAccess method on the Iplnitial interface. This allows the client 
application to request the type of access they require. Parlay 2.1 supports sophisticated 
service discovery. Before a service can be discovered, the TPSP (or the client 
application) must know what "types" of services are supported by the Parlay Framework 
and what service "properties" are applicable to each service type. The "listServiceTypeO" 
method returns a list of all "service types" that are currently supported by the framework 
and the "describeServiceTypeO" returns a description of a specified service type. The 
client application must also provide the framework with a reference to a 'callback' 
interface to allow the framework to initiate interactions during the access session. 

In order to use services offered by the Parlay Framework provider, the client must first 
establish a service agreement with the provider. Service agreements can be reached 
using either off-line or on-line mechanisms. Off-line agreements will be reached outside of 
the scope of Parlay interactions, and therefore are not described here. However, client 
applications can make use of service agreements that are made oft-line. When an on-line 
service agreement is achieved, the client first uses the service discovery interface 
(lpServiceOiscovery) to retrieve the ServicelO of the service it wishes to use. This 10 is 
used by the signServiceAgreement operation that digitally signs the agreement, and 
provide non-repudiation for both parties in agreeing that the service would be available 
for use. Some Parlay Framework providers may only offer off-line mechanisms to reach 
service agreements. On-line service agreements may be reached by using other 
framework interfaces, such as the subscription framework interfaces. The Parlay 
Framework 2.1 API does not specify content of such a service agreement. This is up to 
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the NO and possibly up to the SPs. The end Access operation is used to end the client 
application's session with the framework. After it is invoked, the client application will not 
longer be authenticated with the framework. 

Appendix 5.6 Parlay 2.1 Mobility Interface 

The Parlay Mobility Documents describe four services: 
• User Location (UL) 
• User Location CAMEL (ULC) 
• User Location Emergency Services (ULE) 
• User Status (US) 

With the UL service, a TPSP can request the geographical location of a mobile user or a 
group of users. The TPSP can extend the request by stating which location type, 
accuracy, response time and priority it requests. The location report will contain the 
current location and status. The TPSP can also request a periodic update. Another option 
is to request location updates triggered by location changes. This allows the TPSP to 
monitor the user location at all times. 

The UL service is supplemented by the ULC service. CAMEL is used to obtain the user's 
or users' location information from the network (e.g. VLR number). This technique is less 
accurate, but easier to implement in the network. Hence, it requires no modifications to 
the handset. The ULC service also supports periodic and triggered location updates. 

A specialised service is the U LE service. Emergency calls will be handled with this 
service. The user will automatically be located once the call is set-up. This information 
cannot always be immediately passed on to the application, because sometimes the 
location method takes some time. In that case, an identifier for the user location request 
will be returned. This identifier makes it easier for the emergency service to continue 
requesting the user's location. 

The last service described in the Parlay Mobility Docs is the US service. This service will 
return the current status of the user or a group of users. 
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