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Summary

This article proposes a recursive model for managing the Personal Service Environment (PSE). The provision of a PSE to users is a key requirement for the UMTS Virtual Home Environment, which aims to provide personalized service portability across network boundaries and between terminals. A case study shows how the model handles personalized user services. 

1. Introduction

The Virtual Home Environment (VHE) is a fundamental concept in the Universal Mobile Telecommunications System (UMTS). It aims to provide users with access to personalized services whatever the networks and the terminal used, and whatever the user’s location. 

UMTS users will use several services, possibly provided by several network systems, and user data may be associated with each service. On top of the different systems, the VHE provides the integration necessary to offer global personalized services, and points out the need for service providers to manage user service information. Thus an important element of the VHE is management of the user Personal Service Environment (PSE), a concept defined by the 3rd Generation Partnership Project [1]. 

The article first overviews the VHE concept and identifies the provision of a PSE to users as a key VHE requirement. It proposes a recursive information model for PSE management based on a hierarchical service management. Finally it presents a use case to illustrate the proposed model, which is based on the requirements identified in UMTS standardization, and on TINA results [2]. The Unified Modeling Language (UML) is used as the specification language to present a formal and accurate analysis of the information involved.

2. Virtual Home Environment Concept

The VHE is defined by the 3rd Generation Partnership Project as “a system concept for personalized service portability across network boundaries and between terminals”. Its aim is to consistently present UMTS users with the same personalized features, services and user interface capabilities whatever the networks and terminal used, and wherever the user is. The service configuration available to the user in any context depends on the capabilities of the User Service Identity Module (USIM), terminal equipment and network used, and on subscription restrictions. 
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Figure 1 : Overview of the VHE

The VHE relies on capabilities located at the service provider and network operator sides, and in the terminal equipment. As Figure 1 illustrates, implementation of the VHE will require two layers of functionality:

· Generic data and control layer: Responsible for providing the VHE system concept across different public or private, fixed or mobile, existing and future systems. It is an “umbrella” on top of the different systems that provides the integration necessary for global personalized service provision.

· Network type-dependent (IN, GSM/CAMEL, etc) data and control layer: Translates technology-independent information handled by the generic layer into its technology dependent counterpart. It uses standard protocols (INAP, MAP, CAP, etc) to communicate with the underlying systems. 

3. Personal Service Environment

Requirements for the specification of the VHE identify the provision of a PSE to users as a key function of the VHE [1]. This PSE is essentially a combination of information on services and on the personalization of their use. From the user’s point of view, the PSE is a personalized service portfolio provided by a single service provider, that the user sees as a one-stop shop. In line with new regulations that are opening up the market to a variety of competing actors, the service provider can obtain these services from various Value-Added Service Providers (VASP).
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Figure 2 : Set of services from the user's point of view [1]

As Figure 2 shows, a UMTS user only sees his or her own PSE, which is provided and controlled by the service provider. The possible multiplicity of VASPs involved in providing these services remains transparent to the user. This makes the services easier to use, and allows the service provider to select the best VASP for each service, and even change it, without modifying the user’s subscription contract.

4. Recursive Model for PSE Management 

This section proposes a model for PSE management based on a recursive service management model that takes into account the following customization chain:

· Service provider prepares its service offer. Based on market studies, or its knowledge of its customers, the provider may produce several versions of the same service. The service provider may market its services in the form of various service packages with different characteristics. These service packages come with a default customization and can be used off-the-shelf. 
· Customers subscribe to these services, establishing a contract with the service provider. The services can either be used as packaged by the service provider, or customized according to what each subscriber needs and is willing to pay.

· In the case of some subscriber organizations, like large companies, it is useful to define a hierarchy of user groups that will further customize the services within the limits of the subscription.

· Finally, each user may wish to personalize his or her use of the subscribed services.

The recursive model proposed in this article allows for a hierarchical service management that can be applied to all the levels of service customization, and for which the finest granularity is at the user’s level. 

4.1 Information Model

The proposed information model (see Figure 3) is recursive. One of its main principles is the distinction between the roles of user and subscriber. It also makes it possible to define a hierarchy of user groups. 
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Figure 3 : Recursive information model for PSE management

The following classes and relationships describe the model. First, the main actors involved in the model are the service provider, the subscriber and the user:

· Service Provider: The Service Provider class represents a service provider offering services.

· Subscriber / User: One of the main principles of the proposed information model is the distinction between the roles of user and subscriber. The Subscriber is the entity that contracts for services from a service provider; the User is a member of the organization represented by the subscriber that uses the subscribed services. This distinction allows us to model simple cases, like residential users, where the user and subscriber roles may be merged, as well as more complicated ones, like a company in which users are allowed to use the services within limits imposed by the subscriber.

The model can be used to define a hierarchy of user groups:

· Assignment Entity: Allows groups of users to be included in the recursive model. It is an abstract class inherited by the two subclasses: Assignment Group and User. 

· Assignment Group: This groups together a set of entities (users and/or groups) that share common rights and customization possibilities regarding a set of services. In particular, a group of users is characterized by a list of members with the same rights regarding a set of services, and by context information. User groups simplify service administration, typically within a company. For example, adding or upgrading a service can be done at the group level rather than at the user level.

The relationship between the subscriber and the service provider is represented by a Subscription Contract. This contract defines the set of subscribed services, and ties it together with the entities that are able to use them. There is a many-to-many relationship between subscriber and service provider: a service provider may have contractual relationships with several subscribers, while a subscriber may have several contractual relationships with the same service provider. 

A Service Environment is associated to each of the entities of the consumer domain introduced above, namely the subscriber, the group and the user. This enables each level of the service customization chain to be described in a formally consistent way: a set of services with a consistent customization (described in terms of properties), and an environment context for this set of services, consisting of a set of service generic properties:

· Subscription Service Environment: Describes the set of agreed subscribed services. These are the services that the subscriber grants to its users. 

· Group Service Environment: Describes the set of services assigned to a group with the preferences and rights common to all members of that group. The group service environment represents a default customization for users in the group, and specifies the limits as to what they can modify according to their preferences when defining their Personal Service Environment. 

· Generic Service Environment: An abstract class, introduced for modeling purposes, inherited by the Group Service Environment and Subscription Service Environment subclasses.

· Personal Service Environment: Ties together the set of services that a user can access; it contains extra information that is specific to the use of the services by this user. All information related to the user is located in the Personal Service Environment.

The service environments are organized hierarchically. The relationship between a superior and a subordinate is a restriction relationship. It is not possible for a Generic Service Environment (Group or Subscription Service Environment) to refine several Generic Service Environments. The reason for forbidding this multiple inheritance is that it would introduce conflicts on service independent properties. Multiple inheritance is only possible for the Personal Service Environment and, as a consequence, it has restrictions imposed on it by one or several Service Environments; users can only personalize their services within the limits imposed by the Group or Subscription Service Environment. 

4.2 Customization Management

This section presents the information models proposed for service profile and PSE management. 

4.2.1 Service profile management

The service-related information in each service environment is modeled by service profiles. Each service has a specific service profile, which can be seen as a template that characterizes the service and describes any particular customization of that service. It provides a consistent and generic means of describing a service in terms of features and properties.

The service profile is used by the service provider as a framework to elaborate its service offer. When a service provider advertises a service on the market, it may offer several packages of the same service, and may reuse the same template to describe each package. Each service package is characterized by a service profile that corresponds to a particular instance of the template associated with the service.

The service profile may also be used in the subscriber’s organization as a customization template. The service can be customized at every level of the service environment hierarchy within the limits imposed by the superior levels: each customized service is characterized by a service profile, which corresponds to a particular instance of the template associated with the subscribed service. Figure 4 shows the information model proposed for the service profile. 

The model is based on the following classes:

· Service Profile: A generic container that describes a particular customization of any service. It is characterized by one or more service features. One core feature, which describes the essential service characteristics, is the minimum required to describe a service. Optional features complete this service description. 

· Feature: Groups together a consistent set of characteristics of a service. It usually corresponds to service functionality. Each feature is described by a set of properties.

· Property: The value of a property can be set, and can be restricted to a given value range.
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Figure 4 : Service profile information model

· Value range and constraints: The value range specifies the possible values that can be taken by a property. Constraints, which are associated with the value range, typically relate to technical requirements, such as requirements on the network or on the terminal – relevant physical devices, software, networking capabilities, etc. 

· Value: This is the value set for the property. At the Subscriber or Group Service Environment level, this is simply a default value which can be replaced at the PSE level within the limits of the value range and constraints imposed.

Service profiles are organized using the same hierarchy as the service environments. The relationship between a superior and a subordinate service profile is either customization (setting values to some property) or restriction (restricting the range of possible values for a given property). To find the value of a given property, it has to be first searched in the Personal Service Environment, then moving upwards in the hierarchy to the Group Service Environment and the Subscription Service Environment.

4.2.2 PSE management

Each user can personalize the access and usage of his or her services using the PSE. As already mentioned, the PSE can be described as a combination of information on services and on the personalization of their usage. It provides the user with the ability to organize services according to his or her needs. A user may choose to have more than a single profile, and thus to manage services according to different contexts. For example, a user could have a specific profile for business use, another for personal use, a family profile and so on. Or, for example, for business use, a user working on several projects could use sets of services specifically customized for each project.

Figure 5 shows a global view of the Personal Service Environment. 
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Figure 5 : PSE and user profile information model

Each user has one PSE, which can be seen as a “meta” user profile. It is composed of a set of user profiles, each one encompassing a consistent set of services. Within a user profile, each service is characterized by a service profile, which contains the service personalization information. The user can store several personalizations of the same service in different user profiles. The User Environment is an abstract class, introduced for modeling purposes, inherited by the Personal Service Environment and User Profile subclasses.

A set of properties can be shared by several user profiles at the PSE level, and by several service profiles at the user profile level. These properties, transversal to the user profiles or to the service profiles, are grouped in the environment context, and may typically be divided into the following categories:

· User specific information: Relates to the user’s characterization (e.g. personal data) or to the user’s private data (e.g. address book). 

· Service related information: Relates to the personalization of the services, for example, the preferred language for a service provider’s announcement or display.

· Terminal information: Relates to the terminals associated with the user. It can typically be a list of terminals, the addresses of which have been registered by the user [3]. Incall registration allows incoming calls to be routed to the registered terminal; outcall registration allows the user to use the terminal registered for outgoing calls without having to carry out further authentication.

· Routing related information: Enables users to be reached under a single, location-independent number on the terminal of their choice.

5. Case Study

This section presents a use case to illustrate the proposed model. It is the case of a corporate user, called John, who is an engineer and senior consultant in a consulting company called C. For his work, he needs to make phone calls, to send and receive e-mails and faxes, and to participate in audio-conferences. He spends one week in every two at C’s headquarters, and the other week at the client’s premises. 

John’s company, C, has chosen a service provider called “Europe On Line” (EOL), that offers:

· Telephony service: This can operate in three modes offered through several packages, allowing only local, national, or international calls.

· Unified messaging service: Comprises a web-based client application to retrieve e-mails and faxes. It can operate in basic, normal or advanced mode, offered through three packages corresponding to the different functionality and Quality of Service (QoS) provided (e.g. reception acknowledgment, reception within two hours).

· Video-on-demand service: Offers low, medium and high QoS.

· Teleconference service: This can operate in three modes offered through three packages: “video”, “audio/data” and “audio only”. 

Company C has established a contractual relationship with EOL for the use of their services by its employees. This relationship is characterized by the subscription contract, which contains information like an account number, payment records, credit card information, and billing contact point. In addition, the subscription contract contains the Subscription Service Environment, which describes the set of services to which C has subscribed, as well as any customization that EOL provides for its client:

· Company C has subscribed to all three operation modes of the telephony service.

· Company C has also subscribed to the “basic” and “normal” packages of the unified messaging service; it does not require the advanced mode for its employees.

· Company C has subscribed to the “audio only” package of the teleconference service.

· The video-on-demand service is not required and is therefore not included in the subscription.

To ease the administration of the use of these services by its employees, company C defines an internal organization that consists of three “Assignment Groups”, each characterized by a list of members sharing common rights and customization capabilities regarding a set of services. Each assignment group is characterized by a Group Service Environment, which is formally identical to the Subscription Service Environment that describes the subscription agreement, but refines it, taking into account the services and customization capabilities that have been assigned to each group:

· Assignment Group 1: Includes all engineers in the company. They are allowed to use the telephony service with local, national and international calls enabled, and the basic package of the unified messaging service. 

· Assignment Group 2: Includes all the senior consultants in the company. They are allowed to use the normal package of the unified messaging service and the audio only teleconference service.

· Assignment Group 3: Includes all the trainees in the company. They are only allowed to use the telephony service, and just to make local calls.

Going back to John’s case, as an engineer and a senior consultant he is a member of both Assignment Groups 1 and 2, so his Personal Service Environment may refine Group Service Environments 1 and 2. Consequently, John is allowed to use and personalize: 

· Telephony service with local, national and international calls enabled, as a member of Assignment Group 1.

· The basic and normal packages of the unified messaging service as a member of Assignment Groups 1 and 2.

· The audio only package of the teleconference service as a member of Assignment Group 2.

Since John works alternate weeks at the headquarters and at the client’s, he chooses to organize his services into two user profiles: a “Headquarters” user profile and a “Client” user profile: 

· John’s “Headquarters” user profile includes the telephony service with local, national and international calls enabled, the normal package of the unified messaging service, and the audio-only package of the teleconference service. 

· John’s “Client” User Profile contains only the telephony service with local, national and international calls enabled, and the basic package of the unified messaging service.

This service organization into two user profiles is interesting to John for several reasons. Above all, it allows him to personalize his services in a way that is adapted to the site’s context. In particular, John personalizes the telephony service in two ways: one for the headquarters and one for the client’s site. Note that this is also practical from a service billing point of view, since it allows John to associate each user profile to a different sub-billing account in company C.

The teleconference service is taken as an example to illustrate the service customization chain, and in particular John’s service personalization. First the service template of the teleconference service offered by EOL is characterized by a core feature, as well as video, audio and data features. The audio only package subscribed to by company C is, in turn, characterized by a service profile, which corresponds to a particular instance of this template, reduced to only the core and audio features. This service profile is then customized at the level of Assignment Group 2 and finally by John.

Without being exhaustive, the core feature is composed of a set of properties such as the “maximum number of participants” and the “announcement language”, while the audio feature is described by properties such as “audio encoding”. John can personalize the teleconference service by setting the value of some of these properties:

· Audio encoding property: The value range and constraints are {(G.723.1, codec G.723.1 in the terminal), (G.729, codec G.729 in the terminal)} at subscription, and no default value has been set. The default value is set to G.723.1 at the Group Service Environment 2 level. However, John doesn’t have a G.723.1 codec in his terminal, but does have a G.729 codec. He therefore sets the value of the audio encoding property to G.729. Consequently, the value of the audio encoding property for John’s teleconference service is “G.729”: it can be found in the teleconference service profile of John’s “Headquarters” user profile in his Personal Service Environment.

· Announcement language property: The value range is {English, French, German} at subscription, and the default value is set to “French”. This is not modified at the Group Service Environment 2 level. However, John is British and his preferred language is English, whatever the service. For this reason he 
has set a “preferred language” property to the value “English” in the environment of his Personal Service Environment. The value of the announcement language property of the teleconference service is substituted by the value of the polymorph “preferred language” property; this is possible because “English” is in the value range. Therefore, for John’s teleconference service, the value of the announcement language property is “English”: it is first searched in John’s teleconference service profile, then found in the environment of John’s Personal Service Environment.

· Maximum number of participants property: The value range is “[2,8]” at subscription, and the default value is set to “8”. This is not modified either at the Group Service Environment 2 level, nor by John. Therefore the value of the maximum number of participants property for John’s teleconference service is “8”: it is first searched in John’s Personal Service Environment, then in Group Service Environment 2 and finally found in the Subscription Service Environment.

6. Conclusions

This paper points out the need for a service provider to manage service data related to its users, and identifies the provision of a Personal Service Environment to users as a key requirement for the UMTS VHE. 

With regard to PSE management, the paper proposes a recursive model, which allows for a hierarchical service management scheme that can be applied to all levels of service customization, and where the finest granularity is at the user’s level.

This information modeling is the first step towards a general model for PSE management, and thus a major step towards the specification of the VHE.
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