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Issue Description:

Technological perspectives 2015 and beyond

The importance of mobility and digital inclusion in the future networked society are fairly well understood. Mobility is becoming an aspect that will heavily characterize both the terminals and the services and will have to be taken into consideration in future designs. The number of networked devices will increase greatly. Half the world population is already connected through mobile networks and it is expected that many more diverse devices will be connected to the network as well as directly to each other. 

Users will create more of their own contents. They basically want to have the contents accessible in any way, anywhere and at any time. Moreover, it seems that a new generation of people that needs to be always “on-line” is appearing. This new generation is mainly characterised by the usage of social applications, such as facebook, twitter, tuenti. At home there will also be major changes, for example IPTV is regarded as one of the highest growth segments providing your own TV channels anywhere. This will create triple play in a different way; live broadcast, time-shifted broadcast and Video on Demand, providing thousands of channels all available through broadband access to the extent that dedicated wireless broadcasting becomes questionable. It is expected that IPTV will be available to all kinds of mobile devices.

It is not clear as which direction such important socio-economic and technical drivers will take the future Internet, but it is clear that they will drive an evolution of the current networked techno-economic landscape, even possibly cause a disruption of the next generation Internet by bringing new design goals.

However, it is clear that dependency on mobility, communications, and Internet will be immense. 
IP as a data delivery technology was invented in the time where networks had static configurations and mobility was non-existent. Generally speaking TCP/IP Internet solutions assume a fairly predictable and simple notion of the end-to-end communications. This implies that operational assumption for the TCP/IP depends on the need for availability of at least one permanently functional path between a source and a destination with relatively small end-to-end delay and packet losses for the given path. This major assumption does not always hold true in a dynamically varying mobile/wireless environment.

The Future Internet must be accessible, trusted and secure, as well as able to robustly scale to meet the increasing reliance placed on it. 

It is anticipated that Internet governance will remain a key topic for both the current and the future Internet, and this needs to be addressed in a systematic manner, i.e. as an issue also of relevance from a technological perspective by addressing it early enough when considering possible novel architectural aspects and approaches. Other non research issues also deemed of significant importance relate to openness, standards, extensibility with a low threshold to enter/join and interoperability. These are actually major features that have ensured the success of Internet such as transparency, neutrality and possibly users’ anonymity, which should be maintained in the future. 

EU has clearly outlined its support to the openness, interoperability principles, governing the Internet of today. It is hence deemed necessary that any further redesign of the architecture of global networks will have to respect these basic principles and characteristics. The adherence to such basic principles is clearly an area for international cooperation at both technological (saying what is possible) and policy (stating the requirements) levels.
Internet-based web and peer-to-peer applications (e.g : MSN Messenger, Gaming, Second Life., Google, Tencent, Myspace, BitTorrent, Skype, YouTube or Flickr) and their future 3D developments, as well as ubiquitous wireless sensors and actuator networks islands on global scales will dominate the amount of the traffic in the networks. New internet-based businesses are re-shaping the economic models both on the network and the application sides. 

The Internet applications are being complemented with really high-capacity and low-cost wireless access alternatives for finest possible access granularity and largest coverage for high speed access to the Internet. For example, next generation Mobile WiMAX network could transmit data at a speed of up to one gigabit per second when stationary and 100 megabits per second in a moving vehicle. Current cellular technologies like HSDPA have data speeds of up to 15 megabits per second. (in the downlink) and it is expected to increase substantially from current capacities in 3G and HSDPA towards HSDPA++, 3G LTE, 4G and beyond.
The current and future physical network technologies in wireline (e.g. xDSL, CATV, fibre) and wireless (e.g. GSM, EDGE, 3G, HSDPA, 4G, mobile WLAN, mobile WiMAX, satellite) technologies need to cope with this in a myriad of protocols and transmission media. The network infrastructure should support a number of parallel network architectures with distinctive traffic characteristics. The projected traffic rates and new usage patterns challenge the current static and peak/best effort based network configurations and dimensioning, calling for more efficient and flexible infrastructures that can support dynamic resource allocation and new traffic routing schemes. Here the crosslayer interactions play a vital role not only for superior performance but as a key catalyst to new business relationships. 
The fixed transmission media of copper, power line, cable, fibre and air continue to become widespread, with increasing focus on the optical fibre and the air interface for the purpose of sustainable growth rates and for the important aspect of mobility and digital inclusion. The deployment of fiber will continue to get closer to the Home/Office bringing higher capacities by integrating optical technologies into the access and home networks. As is commonly agreed, Transport Networks that are the backbone for all communication architectures will evolve from TDM to packet-based solutions (carrier ethernet etc.). Only an effective interaction between the Future Internet and this new packet transport layer will assure cost efficient and scalable network solutions for the future.   
Deployment and Application Scenarios

In designing the future internet we need to anticipate the social acceptance by considering key human and social issues such as usefulness, social and psychological impact, privacy and ethical issues based on the lessons learnt from many years of experiencing and using of Internet and mobile communication networks.
Integrating the physical with the digital world mainly addresses the socio-economic needs that arise through the increased demand for incorporating Information and Communications Technologies in different business, governmental and public sectors, for example health, sustainable environment, safety, transportation. It aims at creating a network and services that considers the needs of a human in a more efficient way – eventually leading to the Future Networked Society.
The growing importance of context-awareness, targeting enriched experience, intuitive communications services fitting mobile lifestyle and a mobilised workforce in 3D media, will in the future lead it to be more and more included in intelligent services that are smart but invisible to users. The social and economic benefits of making ICT-based services in areas as diverse as health, sustainable environment, safety and transportation more intelligent and adaptive are recognised as a new driver for communications services.

Besides enhanced user experience for human to human and human to machine interactions, autonomous machine to machine communication has gained significant importance. More and more business transactions and processes will be automated and will take place based on autonomous decisions without any human intervention. These will be often based on or influenced by context information obtained from the physical world, without the requirement of human input to describe the situation. 
The emergence of the Web2.0 and associated technologies is just a starting point of this development and already the impact of those on the economic development is hugely beneficial. Effectively, this enables an environment where real world physical phenomena are electronically sampled and influenced by heterogeneous sensors and sensor/actuator islands and are at the fingertips of applications and humans alike, thus linking the physical world with the Future Internet. Consequently our environment can be adjusted to our needs, or we can adjust our behaviour following environmental changes. Our economic and social interactions will be enhanced with efficient information or intelligent and autonomous machine-to-machine (M2M) interactions, enabling effective feedback and control loops (which are currently based on human input which are cumbersome, slow and fault ridden). The networks need to be upgraded to support new feedback mechanisms and control interfaces to accommodate the new use cases and traffic patterns in an efficient and scalable way.

Cross domain perspective (services, security, network infrastructure, etc)

The original Internet was created sharing a consistent and simple vision, where all players had a common purpose: creating an infrastructure to hook all computers together so that applications and services could run over it. 

The Internet today is a series of ongoing tussles (locking competitions): different stakeholders have (often) divergent interests in competition which each other (tussle): they adapt their mechanisms to achieve their goals and push-back the competitors.

The Future Internet should have a common purpose: the backbone of Information and Communication Society.
The Architecture should meet the new requirements - users’ mobility, many heterogeneous resources and devices, mass digitization of media, software as services, new models of service and interaction, improved security/privacy, etc - but it should also accommodate the current tussle, which is causing stagnation.
Today, the Telco and Web2.0 models are still profoundly different. The former is based on traditional networking and service platforms, quasi-static services and business models (e.g. customers pay for services); The latter is mainly based on the concept of “web-as-a-platform”, dynamic services (prosumption, long tail, perpetual beta, etc) and alternative business models (e.g. advertisers pay).

The vision is to create a reference model and architecture to connect together all “Telco and Future Internet resources” (with an innovative approach) so that applications and services could be executed over it.

The architecture must aim at overcoming both medium-long term limitations of current Telco infrastructure and Internet and current tussles (locking innovation and creating market stagnation). Specifically, the architecture (applicable for Telco infrastructure and Internet) should be highly modularized, decentralized and distributed. Design is made by-variations making used of “standardized” components (already under definition and implementation). 
Services (not only those for the end Users but also network services) are likely to be comprised of a variety of components, provided by a variety of Players (e.g. ASP, Prosumers…) and running over a decentralized hosting (low-cost) infrastructure (including end-user devices, PC, servers, storage, computing and networking/forwarding resources…). This vision is expected to pave the way for a deep integration of service and network frameworks for Telco-Web convergence thus allowing broad federations of Players (e.g. Network and Service Providers and Application Service Providers) according to new business models. Openness, broad federations of Players and do-it-yourself innovative services and knowledge management will allow people (already Prosumers as from web2.0) to be the true center of Information Society.

In summary, there is a strong need for richer and deeper dialogue across the network-applications layer boundaries. 

Questions:

· How will the developments in the content and media, security, sensors, and services impact the network architectures? What will be in the network and what in the service layer? How will virtualisation of storage, processing power, in general resources and services impact on the network architecture? Will wireless (terrestrial and satellite based) limitations impose certain network design choices?
· Should the future service architecture/layer be a network oriented design approach? Or should the network architecture design be service architecture oriented? 
· How to deliver rich computing services and content to the mobile community, considering resource constraints and energy limitations?
· How to make the Internet service-delivery sustainable, i.e. how do we reduce the need for raw material and energy needs?
· How does 3D internet services development impact the future network architecture and service architecture?
· What is impact of fibre optic on network architecture, future protocol stacks? What is meant by collapsed protocol stack?
· How will the emerging packet transport in the Telco networks influence the architecture of the Future Internet, i.e. the general function split and interworking between the lower layers 1, 2, and 3?
· Which are the implications on the network architecture arising out of developments and requirements in security, identity, trust, reputation? And how are these managed?
· How does naming and addressing of users, services, information objects influence architecture and service developments?
· Will evolutionary approach address efficiently all the problems listed above? If yes, how and what needs to be changed?
· What are the future implications of location and context aware services? How to design networks that are innovation friendly?
· What needs to be done at the level of the network and service provisioning to allow for a greater personalisation of media services?  Which degrees of freedom as seen from user characterise certain architectures? What are the implications of 3D media (video) content on mobile network design?
· Is there scope for an open service framework for mobile media services? How fast will the mobile Internet evolve?
· How is service architecture design influenced by accommodating different business interfaces, for any business of any size?
· How should  service level agreements be efficiently supported?
· How to best address standards issues pertaining to the next Internet infrastructure? 
· How to handle the likely architectural differences between Telecoms, Media and IT service cultures?
· What are the implications of home network developments and which opportunities will be created for new players?
· How will the infrastructure be influenced by the developments on the Internet of Things? Which architectural issues for a future ONS? What are the likely developments beyond NFC and which critical operational and management solutions need to be considered to cope with sensor based edge networks?
· What are the requirements for federated large scale test beds and experimental facilities as seen from a networking perspective?  Which are the key elements of such large scale European facilities? 
· How will the increasing cost of operation and maintenance of networks and the diversity of nodes and technology be influencing a Future Internet?
Agreed Actions/Recommendations:

	Revise the current Issues Paper 

	Define Common deliverables: What should be common deliverables, the development process, topics (e.g. Requirements specification of a service architecture, Requirement specification for the needed Infrastructure, Requirement specification for the needed security, etc. Position on necessary standardisation, open source, international cooperation, etc. Common conferences)




Shareholder Projects:
	· 4WARD
	· TRILOGY

	· Euro-NF
	· EIFFEL

	· PSIRP
	· N-CRAVE

	· CHIANTI
	· EFIPSANS

	· AUTOI
	· SENSEI

	· eMobility
	· MOMENT

	· SmoothIT
	· MobiThin

	· ETNA
	· MobileWeb2.0

	· SOCRATES
	· SENDORA

	· E3 
	· Diconet

	· CARMEN
	· AGAVE

	· HURRICANE
	· C-CAST
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