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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction
The 3GPP system currently supports GERAN and UTRAN based Access Networks in conjunction with Circuit-Switched and Packet-Switched Core Network domains and IP Multimedia CN subsystem from Rel-5. The All-IP concept was initially introduced within 3GPP in Rel-4 with the standardisation of the MSC Server - MGW split core network architecture for the CS domain and extended from Rel-5 by the standardisation of the IP Multimedia CN sub-system. WLAN as an alternative access technology to access services of the mobile core network is recognized from Rel-6 onwards.
In order for the 3GPP system to cope with the rapid growth in IP data traffic, the packet-switched technology utilised within 3G mobile networks requires further enhancement. A continued evolution and optimisation of the system concept is also necessary in order to maintain a competitive edge in terms of both performance and cost. It is anticipated that the progression towards an All-IP Network (AIPN) may enable leverage of information technology (IT) hardware and software with general-purpose, and mobile network specific software that should provide cost reduction (CAPEX and OPEX) for infrastructure equipment and applications of 3GPP based mobile networks. Moreover, it is important to ensure compliance with Internet protocols within future developments of the 3GPP system.

Additionally, the following aspects identified within TR 21.902 “Evolution of 3GPP System” [2] are considered relevant to the long-term evolution of the 3GPP system:

· A seamless integrated network comprising a variety of networking access systems connected to a common IP based network supported by a centralised mobility manager 
· A similarity of services and applications across the different systems is beneficial to users
· 3GPP should focus on the inter-working between 3GPP Mobile Networks and other Networks considering mobility, high security, charging and QoS management
Taking the above into consideration it is necessary to further define the All-IP Network (AIPN) concept, explore user, business and technological drivers and evaluate the feasibility of evolving the 3GPP system towards an All-IP Network (AIPN). Furthermore, aspects of the 3GPP system requiring enhancement need to be identified and developed in accordance with this common vision.

1
Scope
The present document studies the feasibility of the progression of the 3GPP system to an AIPN. More specifically, this document:

a) Identifies and describes the user, business and technological drivers for progression of the 3GPP system to an AIPN: 

i) Investigates Motivations and Drivers
ii) Investigates impacts upon current models (e.g. business/charging/service models)

iii) 
b) Defines and develops the end user and network operator aspects of an AIPN:
i) Investigates the feasibility of evolving the 3GPP system to an AIPN from existing functionalities:
i) Produces an ideal AIPN vision, taking into account the special requirements for the mobile community e.g. carrier grade, optimisation for the radio environment, recognizing support of multiple access network scenarios.
ii) Investigate needs and requirements associated with the evolution of the 3GPP System to an AIPN and identifies a 3GPP view on how IP technology and associated transport technologies should be evolved towards an enhanced multi-service network.
iii) Investigates requirements associated with the reuse of legacy infrastructure and support of legacy  terminals
iv) Investigates leverage of technological convergence and introduction of new technology in a cost effective way e.g. how the introduction of an AIPN will enable significant cost reduction (CAPEX and OPEX).
c) Identifies the capability expansion required to introduce the AIPN concept into the 3GPP system (migration and co-existence)
d) 
e) Evaluates whether an AIPN should be standardised within 3GPP, and in the case of a positive conclusion identifies the subsequent steps to be taken to achieve this by defining the scope, target, and roadmap for work to be undertaken within Rel-7 and future 3GPP releases.

Editor’s Note:
The usage of ‘shall’, ‘should’ and ‘may’ within this document does not imply requirements or potential requirements at this stage.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.  In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TR 21.902: "Evolution of 3GPP system".
[3]
3GPP TS 22.234: "Requirements on 3GPP system to Wireless Local Area Network (WLAN) interworking".
3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the following terms and definitions apply.

All-IP Network: to be articulated during the progression of the work on this TR.
IP service: a service using an IP bearer provided by an IP service provider. For IP services data traffic is routed according to the IP addresses of the sender and receiver.
IP service provider: a service provider that provides IP services. This may or may not be a network operator e.g. the operator of an IMS would be an IP service provider according to this definition.

IP service subscriber: a subscriber to an IP service provider that uses IP services.
For further definitions see [1].

3.2
Abbreviations

For the purposes of the present document, the following abbreviations apply:

<ACRONYM>
<Explanation>

AIPN
All-IP Network
CAPEX
CAPital EXpenditure

OPEX
OPerational EXpenditures
For further abbreviations see [1].

4
Drivers for progression to an AIPN
In order for the 3GPP system to cope with the rapid growth in IP data traffic, the packet-switched technology utilised within 3G mobile networks requires further enhancement. A continued evolution and optimisation of the system concept is also necessary in order to maintain a competitive edge in terms of both performance and cost. It is anticipated that the progression towards an AIPN may enable leverage of information technology (IT) hardware and software with general-purpose, and mobile network specific software that should provide cost reduction (CAPEX and OPEX) for infrastructure equipment and applications of 3GPP based mobile networks. Moreover, it is important to ensure compliance with Internet protocols within future developments of the 3GPP system.

4.1
Motivations and Drivers

In order to justify the development and evolution of the 3GPP system it is essential to have an understanding of the motivations for evolving the 3GPP system in a particular direction.  

It should be noted that the 3GPP system standardised up to and including Rel-6 already provides the basis for introduction of an AIPN in 3GPP. Building on the foundations provided in previous 3GPP releases it is possible to leverage and build upon existing capabilities to evolve the 3GPP system towards an AIPN.

There seems to be a common understanding in the mobile communications industry that the technical and commercial evolution of this industry sector points towards an AIPN. The term "All-IP Network"(AIPN), however, is not (yet) clearly defined and – depending on one’s view of the future – can mean many different aspects of anticipated communication systems that are based on IP.

The current feasibility study aims at clarifying the notion of an "All-IP Network" (AIPN) within the context of 3GPP and to define requirements for an AIPN within 3GPP. 

In doing so it seems worthwhile to collect and list trends and drivers of the mobile telecommunications industry that now or in the future can be expected to have significant impact on the industry. This is provided in the following sub-clauses.
An assessment of these trends and drivers with respect to the evolution of IP-based core and access networks, terminals and service provisioning will make it easier to create a vision what an AIPN will look like.


· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 


4.1.1
Drivers from a Users perspective
· The ability to provide enhanced and flexible services that can satisfy specific demands of users, e.g. in terms of quality, quickly and cheaply supporting a variety of existing and new business models.

As the market for mobile services grows there is an increased need to be able to offer diversified and flexible services to satisfy the varied needs of users. As the service market becomes more diversified services will become more specialised in order to satisfy the specific needs of users. With this there is a need for network operators to be able to offer flexible services quickly without a large amount of capital expenditure.

In addition to the current pattern of mainly server-to-person services there will be a diversification of mobile services to include person-to-person, person-to-server, server-to-server service scenarios with a variety of different subdivisions and combinations. Users will also desire the ability to be able to integrate the various services to which they subscribe. In the future mobile networks will need to be able to provide these varied and integrated service environments and enable this to be achieved in a flexible and efficient manner.

Different services will have different user expectations placed upon them e.g. in terms of service quality. The demands for the same service may also differ according to specific user of that service at a given time. Therefore, future mobile networks will need to be able to provide a variety of services that satisfy the wide variety of user demands so that the services provided are acceptable to their respective users.

With the increase in the diversity of the access technologies available and as well as the increase in the number of terminals that a single user possesses it will be desirable to have the ability to use services seamlessly across different access technologies and different terminals. Users will also desire the ability to use services `anywhere` at `anytime`. This leads to the conclusion that the provision of `seamless` and `ubiquitous` services will gain great prominence within future mobile services.

Deductions
· An AIPN would provide the ability to offer enhanced and flexible mobile services, quickly and cost effectively. An AIPN can also support the diversification of mobile network services, support service integration and would enable the provision of seamless and ubiquitous services across a variety of different access technologies and terminals. 
· IP technology that enables detailed service control (e.g. QoS/session control) is already available and could be further utilised within mobile networks in order to support these enhanced services.

· Future increases in the number of users and terminals accommodated by mobile networks and hence the need to ensure that addressing and routing schemes can accommodate a number of users and terminals significantly greater than the present number of mobile subscribers.

The mobile subscriber base has grown from a small number of high-end users to the mainstream in which the number of mobile phone subscribers exceeds 70% of the population in some countries. However, in the future mobile subscribers will not be limited to just human beings and the association with mobile devices will spread to other living things, such as pets, as well as machinery and household electronics. It can be foreseen that in the future there will be a ubiquitous mobile communication environment in which almost every object and living thing within a particular area may be associated with a mobile terminal and hence require the ability to connect to a mobile network. This will result in a substantial increase in the number of users and terminals that need to be accommodated by mobile networks. However, in this scenario a large number of terminals will be data-only and hence not require the ability for traditional speech communication from person-to-person. Due to the limited amount of available MSISDN numbering capacity it would be desirable to be able to accommodate new users and terminals without the need to associate an MSISDN with each terminal.

Within an AIPN it would be possible to perform network control for user devices based upon an IP address without the need for a MSISDN to be associated with each terminal connected to a mobile network. Therefore, a significantly increased number of users and terminals can be accommodated without needing to use the limited amount of MSISDN numbering capacity.

Deductions
· An AIPN would enable the accommodation of a vast number of users and terminals. Also by utilising IP address based network control it will be possible for an AIPN to accommodate increased number of users and terminals without requiring usage of the limited amount of MSISDN numbering capacity available.

· 


· 
Human and social trends

· Increase of differences in income within societies.

As a result of economic liberalism and globalisation societies in the western world undergo slow but significant changes. An important aspect of these changes is that differences in individual income increase.
 Any industry needs to take this kind of social trend into account when formulating their business strategies.

This implies that the market split into an (expensive) high end market and an (inexpensive) low end market will become even more pronounced than today. 

Deductions
· An ideal AIPN will need to provide at the same time very cheap low-end services and high priced high-end services for different customer types. For the same kind of service (e.g. voice) the respective QoS may be the differentiating criterion.

· Quality of Service needs to be regarded as a chargeable feature.


· Social behaviour and the need to understand one's environment

Futurologists have identified some basic human behaviour patterns that have become increasingly important in modern societies. Two of them have been named "cocooning" and "clanning". "Cocooning" describes a behaviour in which an individual tries to isolate itself for a while from the surrounding society. It essentially expresses the wish for privacy with respect to permanent over-stimulation. "Clanning" describes the opposite phenomenon. It is the need of an individual to integrate itself into a "clan", a group of similar minded people. This is mainly observed with young people and is a well known finding in group dynamics. 

A third social factor that becomes strongly apparent is the need for the individual to better understand their environment. While an ever growing data stream permanently pours over the individual it becomes increasingly difficult to filter out the relevant information content. This results in disorientation, the difficulty of self-organisation and the feeling of uneasiness about one's environment. Also, the capability to quickly filter out important information from that which is unimportant is a competitive advantage of the individual. 

Deductions

· An AIPN will need to provide means that respect and ensure a user's need for privacy.

· The basic human wish to integrate oneself into social groups could be a good basis for services in an AIPN. Good examples are chat-rooms and the like.
· An All-IP system that offers services which allow an individual to gain a better orientation within their environment (geographic, social, business) will provide significant added value to its users.
· Enabling ad-hoc networking for user defined services.
Editor’s Note:
Text to be provided.
4.1.2
Drivers from a Business perspective
· Evolution of the 3GPP system to cope with increased  IP traffic and increased diversification of the type of IP traffic handled by mobile networks

In the future it is thought that the amount of non-voice traffic, i.e. IP traffic within the PS domain, carried by mobile networks will equal and then surpass that of traditional CS voice traffic. Therefore, in the future mobile networks will need to be able to handle substantially increased volumes of IP traffic in a cost effective manner.

Additionally, with the increase in IP traffic there will also be a greater diversification of the type of traffic that needs to be carried by mobile networks. Currently, almost all PS traffic is transported in a `client-server` fashion via an APN. However, in the future it is very likely that the there will be a variety of different traffic patterns for IP traffic including user-to-user and user-to-multicast, that needs to be optimally routed within mobile networks. Another interesting scenario is the concept of a moving network in which not only the terminals can move but the point of access to the network itself is also mobile.

Deductions
· An AIPN would not only enable all the traffic models described above to be efficiently handled by the 3GPP system but also provide an optimised transport for this diversified traffic.
· 




· The desirability of a common IP network with centralised and common network control that can accommodate a variety of diversified access technologies. Hence, enabling the network operator to remain the focus for the provision of mobile services.

Although 3GPP is primarily concerned with the UTRAN and GERAN access technologies other access technologies can be utilised by the 3GPP system and used to provide mobile services. This has been recognised from 3GPP Rel-6 with the standardisation of 3GPP-WLAN Interworking [3]. In the future network operators will desire the ability to provide services to their subscribers optimised to the user’s environment using a variety of diversified access technologies. Although the access technology utilised at a particular time within this environment may vary, it is likely that the services provided will have significant commonalities. Hence, in order to realise a multiple access technology environment in an efficient and cost effective manner it is desirable that the replication of network functionality be minimised. This clearly indicates that there is a need for a common network to be able to accommodate a variety of access technologies. 

When accommodating various access technologies it is desirable that this is achieved with a minimum impact upon the access technologies themselves. It is assumed that most new access technologies that are developed will incorporate IP technology and be optimised to carry IP traffic. Hence, in order to maintain a high level of compatibility it is necessary for the network accommodating these access technologies to also be based upon IP technology and be optimised to carry IP traffic. 

Based on the reasoning presented above it can be concluded that in order to design a future proof system that is able to efficiently accommodate a variety of different access technologies it is necessary that the 3GPP system be designed as a common network that is based upon IP technology and optimised to carry IP traffic.

Furthermore, the development of new access technologies will not necessarily be in line with the development of the network therefore there is a need to be able to develop different areas of the network independently, e.g. develop the core network independently to the access networks.

Deductions
· An AIPN would provide the ability to incorporate a variety of different access technologies with a minimum impact upon the access technologies to be accommodated.
· Using IP as the basis for a common network enables prevalent and low cost IP technology to be utilised. This allows the network to be deployed cost-effectively with the ability to provide common services using a common IP bearer throughout all the diversified access environments.
· Trend towards IP services in both the telecommunications and IT industries and the emergence of large numbers of IP service subscribers both within and outside the mobile network community.

With the emergence of broadband internet services there has been a rapid increase in the number of subscribers to IP services in recent years. Most notable is the growth in the number of subscribers to IP telephony services. This is expected to grow further and at an increasing pace as the broadband internet services of ISPs become more prevalent. This presents 2 points of major interest.  The first is the need for network operators deploying the 3GPP system to offer competing services and so match this emerging trend. The second is that as the number of IP service providers and hence IP service subscribers become more prevalent the need to interwork with these IP service providers will emerge in order to offer services between 3GPP subscribers and IP service subscribers of other networks.

Deductions
· An AIPN would enable network operators to offer IP-based services and provide appropriate interworking methods with IP service providers.

· Need for increased system efficiency leading to substantial cost reduction in terms of both equipment (CAPEX), and operational (OPEX) costs.

In the future it is foreseen that there will be increasing pressure to decrease the investment costs for mobile network equipment and the cost per bit for traffic carried by mobile networks. The reasons for this are twofold. Firstly, the increase in IP traffic carried by mobile networks will lead to a general need to further decrease the cost of handling this traffic both in terms of equipment and transmission costs. Secondly, in the future there will be increased competition for network operators not only from mobile network operators using different radio access technologies, but also from IP service providers providing broadband IP services using access and transmission technologies other those of traditional mobile network operators, e.g. ISPs providing services using xDSL, and/or WLAN without 3GPP interworking. The business and charging models, e.g. flat-rate charging, deployed by these IP service providers are not those common to traditional network operators implementing the 3GPP system. However, they do encourage heavy usage of IP services and as such network operators need to be able to deploy a cost effective network for IP services in order to compete in the wider market place.

Deductions
· The cost of general-purpose equipment targeted for a wide-ranging general market is in general much less than that of specialised technology whose market is limited by specific criteria. An AIPN would enable the use of general-purpose IP technology with some modifications to tailor functionalities to the needs of network operators to provide mobile services. The ability to undertake large-scale deployment of general-purpose IP technology provided by an AIPN would enable significant improvements in system efficiency and overall reduction in the equipment (CAPEX) and operational (OPEX) costs for future mobile networks designed to handle a large amount of IP traffic.
· Economic and market trends - impacts on the value chain

· Trend of the industry to align along the structure: access / transport / services

There seems to be a tendency in the industry for mobile telecommunication to adopt a horizontal structure into business units, which are mainly concerned with access, transport and services. This reflects the view of parts of the industry that these areas can be viewed as - more or less - economically independent fields. This view applies to operators as well as to manufacturers.

Deductions

· An ideal AIPN should provide an architectural structure that allows a decomposition of the added value according to access, transport and services. In particular charging capabilities will need to take this into account.


· Marriage of IT- and telecom world

While in 2G systems the IT world played only a minor role - everything was standardised by GSM. 3GPP - and even more so OMA - allowed more diversity by defining service enablers (e.g. "Presence") instead of standardized services, enabling the IT world to create services that can rely on these capabilities. 

The main reason to do so was speed. The IT industry is capable to provide  non-standardised  IP-based services in a much shorter time than it can be done by standardisation. Also, the mechanisms of the market - adopting these services according to market need and user acceptance - are more effective.

Deductions
· This trend can and should be exploited by an AIPN. Thus, the design of an AIPN should foster a co-operation of the IT world and the telecom world within the economic value chain.


· Trend towards de-fragmentation of the value chain. Big players become "integrators", smaller players "specialists".

As a result of the two trends mentioned above a further tendency of the business can be observed: Big players become "integrators", smaller players "specialists".

For network operators this could lead to business models where big companies outsource parts of their traditional business (e.g. operation & maintenance, network planning and dimensioning, operating services ) to third parties - preferably in low-cost countries. For manufacturers this would lead to a scenario in which large manufacturers become more of a system integrator of individual components for an AIPN. Smaller manufacturers would provide these components.

Deductions
· This trend seems to be less a driver than a result of economic processes. It would lead to a more modularised composition of an AIPN.

· On the other hand this supports the needs of network operators and vendors to reduce expenditures (OPEX and CAPEX).
4.1.3
Drivers from a Technology perspective
· Evolution of next generation radio access systems

Similar to the transition from 2G (GSM) to 3G (UMTS) it is expected that future radio access systems will allow for a significant higher data rate of user traffic than today. However, there is a trade-off between data rate and user mobility. In other words, a user, who is moving at a high speed, cannot expect the same high data rate as a user that is standing still. In addition it may be envisaged that radio access systems can be optimised to particular user requirements (e.g. in terms of data rate, mobility, QoS) such that multiple different radio access systems could be used by the same network operator simultaneously, even within the same geographical area.

Deductions 

· An ideal AIPN shall take into account the capability of next generation radio access systems to provide significantly higher data rates to the user

· An ideal AIPN shall allow for multiple radio access systems, optimised to particular user requirements

· Progress of broadband wireless IP-based networks

Recently IP-based wireless technology has received a strong technological and economical boost. This has been fostered by industry standards (e.g. bluetooth) as well as internet standards (e.g. IEEE 802.11x, 802.16x, 802.20x). Partially these technologies have already found their use in commercially available off-the-shelf products (WLAN cards, access points), which provide relatively high data rates at low prices.  These technologies are currently evolving towards higher – broadband – data rates and/or support of continuous mobility in wide service areas. Currently there are competing standards at different stages of their hype cycles in this field.  These systems generally provide only part of the functionality of full-blown mobile networks (e.g. they do not allow sophisticated charging models). However, the need to provide 3GPP interworking with these technologies / networks has been shown already for 3GPP Rel-6 with the work item for 3GPP - WLAN interworking. 

Deductions

· An  ideal AIPN shall be able to provide means to ease interworking with a multitude of broadband wireless IP-based networks

· Dawning of new, radio based services (e.g. personal networks, RFIDs, multi-hop access networks) 

Currently there is a lot of activity (research projects) on new services that are utilizing different kinds of IP-based radio networks. Examples of such services could be:

· personal (portable) networks, that allow interworking of different personal sensors/terminals

· RFIDs, that allow goods, to which a RFID is attached, to broadcast information about themselves,

· multi-hop access networks, that allow a user's terminal to act as a radio relay station for another user

Many of these new services are capable to create revenue for a network operator if they can easily interwork with (or be integrated into) a network operator's AIPN
· Deductions
· An ideal AIPN would benefit from a capability to facilitate interworking with  (or integration of) these new radio based services

· Reconfigurable Radio (Software Defined Radio - SDR)

Reconfigurable radio interfaces allow terminals to adapt/optimise its radio properties to the currently available radio network. This could allow an increase of spectrum efficiency. However, the network would need to support such a functionality of the terminal.
Deductions
An
·  ideal AIPN would benefit from a support of reconfigurable radio interfaces in the terminal.

· Web services

While not being specific to mobile networks Web Services are becoming increasingly important as a standardised interface to provide IP-based services. There is a general trend towards Web services within the industry. For example, in OMA a working group is dedicated to the evolution of web services in mobile networks and in many respects they are seen as a replacement (rather than an addition) of traditional service enabler interfaces such as CAMEL and the CORBA version of OSA/PARLAY.

Deductions
· An ideal AIPN will need to support Web Service interfaces for service provisioning.
4.2
Impacts to current models for the 3GPP System

The introduction of an AIPN will impact the current models upon which the design of the 3GPP system has been based. However, there is a legacy of success within the models that have been utilised up to now. Therefore, it is necessary that some consistency is maintained between the past and future aspects of the 3GPP system with the addition of the ability to adapt to the future environment in which system enhancements will be introduced.

One major consideration is the need to respect the focus of 3GPP upon the development of technology for scenarios in which a mobile network, including associated radio access technologies, operated by a network operator is the primary focus. This indicates the need to maintain the provision of centralised network control, e.g. centralised mobility control, under control of the network operator. A further consideration is the need to respect the scarcity of the radio resource and the need to utilise this resource as efficiently as possible. Other factors such as the system security, privacy, in particular location privacy and quality of the communication provided by the system (e.g. bit error rate, transmission delay, rate of call completion, call set-up time etc.) should be maintained and improved as the 3GPP system is developed to an AIPN.

Whilst there is a need to maintain current models, future enhancements in the 3GPP system, specifically the introduction of an AIPN should also enable introduction of new models and the creation of new opportunities for development of new functionalities and the provision of new services.

4.2.1
Impacts to current charging models

Users are aware and understand the current charging models hence the possibility to provide these with an AIPN should be maintained. However, as the environment in which the 3GPP system is utilised adapts an AIPN should also provide the capabilities for and provide the necessary improvements in efficiency and cost reduction to enable new charging models to be introduced.

4.2.2
Impacts to current business models

The current business model for network operators and manufacturers implementing the 3GPP system comprises of a value chain of users to network operators to equipment manufacturers. This current business model is the foundation for the success of the 3GPP community. Hence, the essence of this model should be maintained. This includes the need to maintain the focus upon network operator considerations and the need to maintain the core "mobile" aspects of the system. This requires maintenance of factors such as the provision of centralised network operator control and the ability to utilise the wireless interface as efficiently as possible.

Whilst maintaining the traditional aspects behind the 3GPP system, the introduction of an AIPN should enable new business models for new services and applications, including the incorporation of new access technologies and the provision of services across these different access technologies as well as across several terminals that a user may possess or have the ability to utilise. 
With the cost reductions provided by an AIPN there will be greater freedom for network operators to apply varied business models within various environments. The standardisation of an AIPN will allow for these variations whilst maintaining the interoperability and interworking with other 3GPP systems under the control of another network operator, or different systems defined by organisations other than 3GPP, in particular other systems based upon IP technology.

4.2.3

Impacts to current service models
This chapter will describe the impacts of the introduction of the All-IP Network concept upon current service models.
5

End user and network operator aspects of an AIPN
Editor’s Note: 
The structuring of this chapter needs future consideration.

This chapter shall describe the end user and network operator aspects of an AIPN.

Items identified for study within WID in S1-040426 are given below:

The expected advantages of an AIPN for network operators from a service provisioning point of view (e.g. rapid application development, service diversity, ubiquitous and seamless services) and potential Service Requirements for an AIPN shall be investigated.

Potential service aspects to be investigated (non-exhaustive list): 



Network/Domain Selection principles and policies 
Mobility modes (e.g. ‘idle’and ‘connected’ modes) 




Service Interoperability
Efficient methods for packet inspection purposes
Compatibility and reuse of existing standards (e.g. OMA, Web Services/Liberty Alliance Project, IETF, etc…) should be investigated where appropriate.
Interactions with, and impacts upon existing features, service enablers and services (e.g. IMS, Presence, MMS, SMS, CS voice, etc.) should be investigated.
The role of IP-address and its relation to existing identities/numbers (e.g. IMSI, MSISDN, e-mail address, web-address, SIP URI) should be investigated.

Charging requirements and charging architecture for AIPN should be studied.

Security, authentication and trusted environments based on the USIM should be studied.
Note:
Security needs the reliable identification of the calling/sending party and the originating network. All the relevant information needs to be conveyed to the terminating network.

 


· 

· 
· 



· 

· 

· 
· 


· 


· 

Editor’s Note:
How the UICC is used within an AIPN needs consideration. 
5.1
Ideal AIPN Vision
An AIPN would enable the convergence of access networks and services onto a common core network. In this emerging area users will demand more from their services and interaction with their technologies. Instead of the islands of capabilities that currently exist it is desirable to bring these capabilities under one umbrella whilst offering seamless interactivity. This seamless offering will be characterised by the provision of an effective management of mobility that consists of offering users a telecommunication service, continuously and transparently when the user’s terminal moves between various access networks or various services, whatever type of communication and wherever communication has been initiated. It represents a federation of identity within an administration domain requiring no further authentication or registration. One of the key enablers within an AIPN will be the seamless mobility across terminals and technologies supported by a mobility manager that unobtrusively manages these interactions.
Delivering  an AIPN will address these needs, extend the reach of 3G technologies and maintain a relationship with the user in each context. Multiple connected devices will enjoy interactivity adopting principles including single sign on, seamless mobility, context sensing and the unobtrusive device management.
More specifically, the following are seen as potential targets for an AIPN:
Editor’s Note:
Text to be reviewed and edited as appropriate. The text below should be treated as a wish list that requires detailed evaluation and analysis by SA1 participants in the future.
· Easier introduction of new services

An AIPN should focus on introducing new mechanism or improving existing ones that will enable or ease the introduction of new services and the enhancement of existing ones. This includes, but is not limited to, the areas of security, mobility, network management and QoS.

· Improve user experience:

· Provide seamless services (e.g. transparent to access technologies, adaptable to terminal capabilities, etc) 
Users should be able to move transparently and seamlessly between access technologies and to move communication sessions between terminals.

An AIPN will be able to adapt services as much as possible to the capabilities of the user's terminal, allowing the user to access services independently of which terminal they are using. 

Note: 
this may not be feasible in all cases (e.g. some services will require "minimum terminal capabilities" to be able to be accessed, with these "minimum capabilities" being service dependent), but an AIPN will be designed to enable this property in as many cases as possible.

· Support ubiquitous services (e.g. associations with huge number of sensors, RF tags, etc.)

[image: image7.emf]
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· Figure 1: Support of ubiquitous services
· Improve disruption-prone situations when network connectivity is intermittent.

Disruption-free network connectivity may not be cost effective, or even feasible, in all cases (e.g. cell planning for full radio coverage for all services, disruption-free inter-access-technology handovers, disruption-free IP connectivity in all network links). An AIPN should consider solutions for making services as resilient to temporary lack or connectivity as possible.

· Convergence of telecommunications and IT industries towards IP technology
· An AIPN should target to minimize the use of duplicated technologies (which should lead to a reduction in development/equipment cost). 

In the optimal case there should be no need for duplicated technologies.

An AIPN will use the same networking protocols and solutions independent of the type of service being provided. I.e. independent on whether it is a "traditional" telecomm service or a "traditional" data service. 
· Take advantage of terminal convergence.

Telecomm - Data convergence has been happening faster on the terminal side than on the network side. Today, the convergence on the terminal side is somehow limited by the slower pace on the network side. This has impacts on terminal complexity and, therefore, cost. 

It is very desirable that terminal viewpoint is considered in the AIPN network evolution.

· Flexible accommodation of edge networks (e.g. Personal Area Networks (PAN), ad-hoc networks, sensor networks, and moving networks).
An AIPN should enable such integration with minimum user involvement.
5.1.1
Key aspects of an AIPN
Editor’s Note:
Text to be reviewed and edited as appropriate.
The following are the key aspects of an ideal AIPN:

· Common IP-based network

· IP-based network control

· Centralised mobility control i.e. there is a single point of mobility control within the network e.g. for different accesses. 

· Routing and addressing

· Enhanced IP session control

· IP transport

· Communication quality, i.e. QoS, equivalent to or greater than already provided

· Interworking with IP networks

· Interworking with legacy networks

· Functionality at the edge of the network to support different access methods, legacy equipment, interworking with external networks including both IP and legacy networks

· Support of a variety of different access technologies (existing and future)

· Service provision across different access technologies

· Coordination of service provision across different access technologies

· Seamless service provision and handover across different access technologies

· Advanced mobility management:

· Mobility across access technologies.
· Seamless mobility across access technologies.

· Resilience in the presence of network disruptions and intermittent connectivity.

Solutions should be studied for making temporary network disruptions (e.g. due to short time network problems) and intermittent connectivity (e.g. due temporary radio failures) as transparent to services as possible.

· Session management:

· Service adaptation to terminal capabilities.

The services provided to users should be, as much as possible, independent of the terminal used. The network should be able to adapt the service (e.g. information rendering) to the capabilities of the terminal being used with minimum or no user interaction.

· Session mobility: seamless mobility of sessions between terminals.

It should be possible to move sessions from one terminal (or a set of terminals) to another with minimum user involvement.
· Enhanced services

· Support of advanced network services e.g. seamless, ubiquitous services

· Support for advanced application services
· Enhanced network performance

· Ability to efficiently handle a variety of different types of IP traffic including user-to-user and user-to-multicast traffic models

· Optimized routing of IP traffic

· Efficient usage of radio resources
· Network extensibility/composition

· Facilitate integration of networks with different administrative domains (e.g. handle negotiation of administrative issues, security, trust, etc).

Solutions should be studied for facilitating the integration of different networks of the same or different network operators in order to enhance the services provided to their customers, and enable the introduction of new services. This includes, but it is not limited to, the sharing of some parts of the network.

· Allow dynamic and flexible integration of "adhoc" networks at the edge (e.g. personal area networks, sensor networks, etc).

· Network management
It should be considered to introduce self-managing technologies (e.g. Plug-and-Play) for faster deployment and reduction of operational cost. In particular, an AIPN should be designed from an early phase to include:

· Plug-and-play components to ease the setup and operation of the network.
Editor’s Note: 
Aspects such as control-loop based optimization of the running system in an autonomous way and self-healing for fast recovery of failures and increased robustness needs consideration.

· Maintenance and improvement of the level of security and privacy functionality

· Security equivalent to or greater than that already provided including the hiding of internal network elements

· Support for user privacy, e.g. location privacy, identity privacy
· Quality of Service
· Network operators should be able to guarantee QoS within their networks.

· It should be possible to guarantee end-to-end QoS for a session between AIPNs. This includes the case where more than one network administration is involved in the provision of the end-to-end service.
· Terminal and User identification

· Terminal identification in an AIPN should be scalable enough to cover a very large population of diverse terminals (e.g. huge number of sensors and RF tags as well as mobile terminals)
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Figure 2:
Terminal and User identification within AIPN
Editor’s Note:
The storage of User identification within the UICC within an AIPN needs consideration.
· Flexible future network development

· Extensibility

· Modularity of network functions and commoditization of network components. Open interfaces between appropriate network layers

· Ability to evolve individual network entities independently
· Evolution path from previous releases of 3GPP specifications i.e. Rel-6

5.2
Evolution of the 3GPP system to an AIPN
This chapter shall describe in detail how the current 3GPP system can be evolved to an AIPN.

5.2.1
Requirements upon the evolution of the 3GPP system to an AIPN
This chapter shall describe in detail the requirements upon the evolution of the current 3GPP system to an AIPN.

5.2.2
Evolution of IP and associated transport technology

This chapter shall describe the end user and network operator considerations relevant to the evolution of IP and associated transport technologies towards an enhanced multi-service network.

5.2.3
Reuse of legacy equipment

This chapter shall describe how legacy equipment can be reused within the evolution of the 3GPP system to an AIPN.

5.2.3.1
Reuse of legacy infrastructure

This chapter shall describe how legacy network infrastructure can be reused within the evolution of the 3GPP system to an AIPN.

5.2.3.2
Reuse of legacy terminals

This chapter shall describe how legacy terminals can be reused within the evolution of the 3GPP system to an AIPN.

5.3

Migration and cost effective introduction of new technology
One of the primary motivations for the introduction of an AIPN is the ability to realise significant cost reduction when deploying the 3GPP system. This chapter will describe how this can be achieved.

The introduction of an AIPN will enable further utilisation of general-purpose equipment with some enhancements to tailor it to the needs of the mobile community. This will further enable the commoditisation of mobile network components and will not only make it possible for considerable portions of mobile networks to be built `off the shelf` but will remove the need to purchase wholly mobile network specific equipment that is expensive to purchase as well as maintain. With a basis of general-purpose technology equipment can also be maintained in a general manner and so the need for specialised equipment maintenance is removed.

In order to achieve a high level of cost efficiency instead of replacing all equipment it is necessary to enable old equipment that still performs adequately to be accommodated and reused in the new system design. It is also necessary to ensure that legacy terminals are still supported. This coupled with the introduction of new technology providing equipment and operational cost reductions should lead to a steady improvement in the cost effectiveness of the network overall without wasting equipment, including legacy terminals, that still provide adequate performance. Moreover, in the case legacy terminals are still used by subscribers, support of these should be maintained to enable continuation of service provision to the user and revenue generation for the network operator.

When an AIPN is introduced it should be designed to not only provide new improved functionality and performance but the system should also be extensible and if necessary it should be possible to deploy the system not in one single large scale implementation but step-by-step. This requires that the system be modularised and provide open interfaces between appropriate layers of functionality so that new functionality can be added as needed, and from the opposite point of view, functionality that is not required can be left out without reducing the performance of the system or leaving substantial deficiencies in the functionality of the network.

The accommodation of a variety of access technologies will enable a network operator to optimise their coverage for particular environments. For example radio access that does not provide a particularly high speed connection but can cover a wide area can be deployed nationwide, whilst an access technology that provides a high speed connection but has limited coverage can be provided in an environment in which there are users with high demands for speed but only require this over a limited area. This ability to optimise the access technology coverage enables network operators to offer services in a cost efficient manner which is not limited to just one or two methods for providing users with access to services offered by a network operator.

The ability to be able to develop different elements of the network independently, for example the ability to develop the access network independent to the core network enables investment to be focused on the area requiring enhancement, not on the network as a whole. Therefore, it is possible to design and develop the network efficiently and focus on specific aspects in order to achieve maximum returns.

5.4 Security and Privacy considerations

User and network security and privacy issues, despite being a key concern in today's networks, tend not to be in the top list of priorities when evolving existing systems or designing new ones. The results of this tend to be that security is added to the system instead of being native in the system, which translates into insecure systems or unnecessarily complex security solutions which are often very user unfriendly. For this reason security and privacy considerations are considered within the early stages of this Technical Report.

Note:
The feasibility of "user issues" should be considered within the regulation for lawful interception that exists in some countries i.e. it may be required that some of the features above are disabled in some networks in order to comply with local lawful interception regulations.
5.4.1 Security Considerations.

· Security shall be better than with the current system i.e. 3GPP Rel-6. 

· An AIPN shall be security-conscious from its early phase, not just have  security added later on.

· Usability: maximum transparency to the user (e.g. by using biometric authentication methods such as a fingerprint, etc) i.e. high levels of security should be provided with minimum user involvement.

· User issues:

· Ensure privacy and authenticity so that the user can trust the information he is receiving. This should cover private user to private user communications as well as private user to service provider communications.

· Multiple user identities. Users should be able to have multiple identities from different providers with the relationship between the identities hidden to particular providers (thus supporting privacy). 
Editor’s Note:
Authentication of users by third parties such as concepts like PKI should be studied and close co-operation with Liberty Alliance should be considered.
· Network issues:

· Networks shall be protected against attacks such as Denial-of-Service attacks.

· Networks shall be able to authenticate each other and authorize services that need signalling between servers.

· Fast re-authentication shall be possible. 
· Hiding of internal network elements shall be provided by an AIPN.
Editor’s Note:
Detailed study of security issues to be undertaken in SA3 as appropriate. This TR is to be sent to SA3 when appropriate to ensure timely consideration of security issues.
5.4.2 Privacy considerations

· User issues:

· Location privacy. User location privacy should be guaranteed. 
The location of a user has to be known by some instances in the networks to insure reachability and delivery of packets. But only these instances shall know the location to the necessary level of detail. 

Editor’s Note:
Other privacy aspects to be considered as well such as data handling regulations.
6
Capability expansion required for the introduction of an AIPN
This chapter shall describe the capability expansion required for the introduction of an AIPN from an SA1 point of view i.e. requirements basis.

6.1
Existing capabilities suitable for an AIPN
This chapter shall describe the pre-existing capabilities that are suitable for an AIPN, including an explanation of how these capabilities are applicable and how they can be reutilised in an AIPN  from an SA1 point of view i.e. requirements basis.

6.2
New capabilities required for an AIPN
This chapter shall describe the new capabilities required for an AIPN, including an explanation of why these capabilities are needed and how they are utilised in an AIPN from an SA1 point of view i.e. requirements basis.

7
Conclusions

This chapter shall describe the conclusions of this TR.

7.1
Overall Conclusion

This chapter shall describe the overall conclusions.

7.2
Roadmap for work within Rel-7

This chapter shall provide a roadmap for work within 3GPP on an AIPN in Rel-7.

7.2.1
New requirements for introduction to the 3GPP specifications in Rel-7

This chapter shall list the foreseen new requirements that need to be introduced in the 3GPP stage 1 specifications in Rel-7 to enable standardisation of an AIPN (if necessary).

7.2.2
Impact to specifications in Rel-7

This chapter shall describe the foreseen impacts to the 3GPP stage 1 specifications Rel-7to enable standardisation of an AIPN (if necessary).

7.3
Roadmap for work beyond Rel-7

This chapter shall provide a roadmap for work within 3GPP on an AIPN beyond Rel-7.

7.3.1
New requirements for introduction to the 3GPP specifications beyond Rel-7

This chapter shall list the foreseen new requirements that need to be introduced in the 3GPP stage 1 specifications beyond in Rel-7 to enable standardisation of an AIPN (if necessary).

7.3.2
Impact to specifications beyond Rel-7

This chapter shall describe the foreseen impacts to the 3GPP stage 1 specifications beyond Rel-7 to enable standardisation of an AIPN (if necessary).

Annex A:
Impacted Specifications

This annex shall provide a description of the foreseen impacts to 3GPP stage 1 specifications as a result of study within this TR (probably in the form of a table)
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