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Abstract The most important NGN challenge arises from the management operations of the emerging services and their corresponding new business models. The goal of this paper is to investigate how the autonomic principles answer the challenges of NGS management operations.

1. Introduction

Next Generation Networks (NGN) are designed to allow the rapid delivery of services (named NGS for Next Generation Services in this paper) that are available in any place, at any time, on any device, and through any access network. The most important NGN challenge arises from the management operations of those services and their corresponding new business models. The goal of this paper is to investigate how the autonomic principles answer the challenges of NGS management operations.
The basis of autonomic is the Autonomic Computing, which is a holistic approach for the management of computer systems. It refers to the capacity of IT systems (software or hardware) to adapt themselves in accordance with business policies and objectives. An autonomic component is in general decomposed into a managed element and an autonomic manager, connected via interfaces. The autonomic manager represents the intelligence to control and govern the managed element using for that a shared knowledge base.
We will try to answer the following questions:

· What are the requirements to build Self-Managed NGS, relying on the NGS architectures defined by the ETSI-TISPAN project, the OMA specifications and the Autonomic principles?

· How could such Self Managed NGS be implemented (e.g. for services such as messaging, multimedia gaming, and Push over Cellular)?

These questions have been studied in the Orange Labs through an implementation and an experimentation case study of the Push Over Celluar service.

2. The enabler paradigm

The 3GPP and the ETSI-TISPAN have proposed a new paradigm to build NGS: Service Capabilities (or enabler). Service capabilities defined by 3GPP typically include Presence, messaging or conferencing. The concept of reusable components with intrinsic functionalities, defined as Service Capabilities, and the associated mechanisms to build complex services are the core of NGS. [1] also states that "Service Capabilities are, from a specification point of view, statements of self-contained functionality that can be reused across a number of service applications". These service capabilities are composed according to a service logic, this approach permits to define NGS in a pragmatic way that ensures easier integration of services and avoids the traditional monolithic service architecture. 

ITU-T and OMA also address the modularity of the Next Generation Services, by defining respectively the Service Support Capabilities and Service Enabler. The Service Support Capabilities [2] include typically Presence, location, group management, message handling, broadcast/multicast. Service Enablers at OMA [3] include for example email notification, instant messaging, Presence, and multimedia messaging. In the rest of the paper we use the term enabler for the reusable Next Generation service capabilities.

3. Toward self-managed Next Generation Services

With NGS and the concept of enablers, the management operations can hardly follow a pre-defined schedule. These operations are indeed heavily dependant on the enablers that compose services. They also depend on the customer profile, on his preferences, on the services he has already subscribed to and on the enablers that are already provisioned. To bring an answer to these challenges, we propose to embed operation management within NGS, in order to build Self-Managed NGS, which adapt themselves to external conditions to fulfil the customer needs and operational requirements. 

In our approach we define Self-Managed NGS as services that:

· Offer to users a vast range of converged and integrated functionalities such as messaging, conferencing, video on demand, voice over IP, Presence, and context aware services, 

· Perform for customers the corresponding management operations such as the configuration, activation, assurance, and billing.

Self-Managed Next Generation Services are communicating to deliver composite services (i.e. composed with enablers). They also exchange service data, management orders and tasks in order to ensure the service consistency when providing a composite service. 

The business processes realized by the self-managed NGS are the processes of Fulfilment, Assurance and Billing and their corresponding management operations as defined by the TeleManagement Forum in the eTOM business map [4], which are also adopted by the ETSI-TISPAN project and by the ITU-T. The management operations embedded within the NGS correspond to the service and resource layer of the eTOM business map. Nevertheless, not all the management operations will be achieved in a self-managed way; obviously, tasks such as installation of equipment for example will remain performed manually.

4. Architecture and case study

4.1 Logical architecture

We define for each NGS an entity named Operations Manager. The Operations Manager is responsible to receive the customer order (or complaint) from the Customer Relationship Management (CRM) and to perform processes of fulfilment, assurance or billing for the service. A generic and simplified scenario is described hereafter, where a customer, navigating on the service provider portal, selects a telecommunication service and fills a form to order that service:

1) The CRM application sends a request to the Operations Manager of the required service.

2) The Operations Manager creates a provisioning request or service order to configure and activate the service. 

3) The Operations Manager maps the service ID to the technical service description (including the enablers that compose the service)

4) The Operations Manager requests server assignments of the enablers from the technical inventory 

5) The Operations Manager sends activations commands to the enablers

6) The Operations Manager reports completion and update service order

7) The Operations Manger reports the anomalies or release the service order

In figure 1. the Operations Manager is managing one managed entity. The service is a composition of Enablers that are defined within the service specification. As mentioned before the Operations Manager is collaborating with other Operations Manager in order to be able to offer integrated services. 
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Figure 1 relationships diagram
The basic of the Operations Manager is its fact-based knowledge associated with

the policy manager.

Fact-based knowledge In general, knowledge is an understanding of a subject area. It includes concepts and facts about it, as well as their relationships and the mechanisms for how to combine them to solve occurring problems. A knowledge base is a type of database. It differs from most databases in that it contains rules about facts rather than just facts. A fact-based knowledge is then built upon facts. A fact is a piece of information about circumstances that exist or events that have occurred. 
case, facts could be generated, for example, from a customer order or complaint or from events that will trigger management rules such as

* CR&M request (customer order, customer complaint)

* Devices/equipment alerts or notification

* Other Service requests

Policy manager We adopt the following definition for policy : Policies are rules governing the choices in behavior of a system. In our case, rules drive then the OM behavior and so the service management behavior. Technically, a rule is an

expression with three parts:

· VAR = set of variables on the left-hand side (LHS),

· VAL = expressions on right-hand side (RHS),

· EC = enabling condition

We adopt the following rule expression within the policy manager RULE = VAR + VAL if EC. 
The expressions on the Right hand side declare a set of actions. 

1. Service Operations : Actions directly on the service platform. These actions

could be service configuration, service activation, service maintenance, service monitoring and so forth.

2. Communication with other OMs : Actions realizing the communications between Operations Manager when offering composite services. These actions are mainly to exchange for example data, customer profile and rights.

3. Feedback-Deduction : Actions modifying the Knowledge base by asserting new sensored facts or by retracting existing ones.

Effector The previously cited actions are performed by the effector, which executes the right hand side of the triggered rule.

Sensor It has the role to detect new events in the service environment. It is listening on a communication bus and filter the events that interest the service management and so the operations management.

Parser It has the role to transform sensored events into facts and assert them into the KB. Because events have multiple formats the parser component should have a plug in oriented architecture so it can be easily extended.
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Figure 2 Operation Manager Architecture
In order to implement this novel concept, we needed a framework that satisfies the architectural requirements of the Operations Manager. We have thus chosen a framework based on Erlang, a functional language [5]. 

We used the rule-processing engine ERlang Expert SYstem Engine [6] that is a software library designed to allow the creation, management and execution of rule processing engines. Each engine has an associated knowledge base (KB); the KB is made of a fact base, which stores the set of facts representing the current knowledge, and a rule base, which stores the set of inference rules representing the reasoning capability of the rule engine.

4.2 Case study

In this section we plan to illustrate our approach by presenting a Self-Managed PoC over Cellular. This service is considered as an early example of IMS (IP Multimedia Subsystem) application in the market.

Within the OMA technical specification the PoC service requires several service enablers that perform specific actions and are responsible for specific information:

• Push-to-talk over cellular, that manages the service logic of the PoC

service

• XDM (XML Document Management) enabler , to handle in particularthe contact groups

• Presence enabler 
• IMS enabler  to support the service

• Device management enabler 

Alice subscription
Alice subscribes to order the PoC service on the service provider web site. Alice fills the online forms within her profile, the requested service name, in our case the PoC service, and her preferences. The Business Support Systems (BSS), through their Customer Relationships Management applications handle Alice Order. According to eTOM, CR&M application execute the following basic operations:

• Determine Alice Order feasibility
Track and Manage Alice Order handling

• Complete Alice Order with the feasability information

• Issue Alice Order

PoC Operations Manager initialization

The Operations Manager is initialized. In its knowledge base, the PoC specification is asserted in terms of facts and it is also enhanced by rules. For example the list of the PoC enablers is defined with their corresponding resources.
The Poc Operations is governed by specific rules :

• To configure a service we should configure its enablers

• To configure an enabler, we should configure its ressources.
The PoC rule for configuring the Presence Enabler sends the instance of the PoC service in a message to the Presence Enabler, this instance is added as a listener on the customer contact list presence status. The Presence OM will receive the message as a fact, that it asserts, and take a decision by a rule in the presence OM’s rule engine whether to create an account for this user or not.

5. Conclusion: which global architecture for operator seamless services?

A major challenge for NGS is to supply service providers with the ability to develop quickly new services by reusing existing enablers. A new management framework that suits to this enabler paradigm is thus needed. The autonomic management provides key principles for this new management framework. Our aproach is specifically addressing the NGS and autonomic applcation and is based on the standardized management.
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