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FOREWORD

This edition of the Purple Book is a very special one. It includes a firsterview of the content of

the future Celtic Programme that we suggest to launch from 2011 onwards and which we have
ARREAAA O1 -01A0G06 8O#)AG OKEAZET AO OEA [ AET -BWBET OEOE
projects should focus.

This Purple Book is issed to support the adoption of the CeltiePlus programme by Eureka and

the Public Authorities. It also provides project poposers with preliminary guidelines on the

main priority research challengesenvisaged for the first CeltiePlus calls.

Sincethe launch of the Celtic Eureka Cluster, the main challenges have evolved. IMS was then the

EAU x1 OAh 1T1x xA AOA OAIEET ¢ AAT 6O 0&0OO0OO0OA )1 0,
areas that constitute the core of Celtic up to now, i.e. Broadband Infrastructyr&ervices and
Applications, and Security. Major achievements have been made in service platforms, new
multimedia services, and new infrastructure solutions.

The main challenges that lie in front of us in the next few years may well be moasmd more
centred on the user.Communication technologies arestill essential to supportsucha new era
where individuals, communities and businesses will see the frontier between the physical and
the digital world progressively become more transparentin order to achieve thisevolution in a
satisfactory manner, theborder between network infrastructure and services will become more
and more blurred. Business models will also need to evolvaccordingly.

In addition, new challenges are appearing. &ond endto-end canmunications, an endto-end

system approachis required to go on with future communicationsrelated solutions that are

critical to the ICT industry but ako to a number of other sectors. As an example, communications
technologies and solutions will supportenvironmental awareness by helping domains such as

health or transport better manage and control the use of energy

111 T &£ OEEO A@gbl AET O xEU xA AAAEAAA O AEAT CA
311 O0ET 106 ET OI O3i A0OO #1171 AAOGAA 71 01 A6 8

To achievethis evolution, we suggest in this Purple Book thateltic-Plus should primarily focus

on two key aspectswhich we haverespectively A A1 IG&AT IO1 AAOAASG AT A aO7EEIT A
O' AO AT mhinlyAelefs Aodadding new cheaper and more effectivnfrastructure, better

suited to new servicesO7 EET A  Alisl abolitAddiAgiriew value to networks, including

extending service reach.

This document has been prepared liye Celtic @ore Group (Alcatel-Lucent, British Telecom, Deutsche
Telekom, Ericson, Eurescom, France Telecom, Italtel, Nokia Siemens Networks, RAD, Telefonica, Thomson,
Telenor and Turkcell)It has been edited by the Celtic Office
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EXECUTIVE SUMMARY

CELTIGPLUS, A FOLLOWUP TO CELTIC

In 2003, the major European telecommunications \endors and operators decided to work
together and create an ambitious European R&D programme providing the means to tackle
issues related to end to end communications. This was to them the best option to address the
OI AAAT T AEO OAlI AGAA  GdmmuAication®, UrO ddifion t6 EdSigning dndE
developing technological blocks. The Celtic Initiative, which was the outcome of their common
effort, is now widely recognized in the European ICT R&D environment as a key enabler for
ambitious and innovative pojects dedicated to communications solutions.

Since then, the telecommunications technologies, services and applications have changed
considerably. The number of Internet users has been multiplied by two in Europe and in the
Americas, and by four in AsiaBroadband penetration has increased by a factor of four in the G7
countries, and the number of mobile line subscriptions has doubled in Europtdividuals and
organizations are not dealing any longeronly with network connectivity and exchange of
information, but more and more with social and business experiences where the frontier
between physical and digital progressively becomes more transparentll human activities and
business sectors are evolving towardsa Qligital erad When the first Celtic projects started,
Facebook, MySpace, YouTube and Twitter did not exist. Second Life and Google Earth néither
Thanks to such innovative concepts that have turned into new economic and societal

The focus of the Internet as a whole has evolved parallel AT A EO 11 x 11 ODPAI bl Abd
AT A 11 OOAT OP1 OOGET ¢ |1 Ol OEI AAE Aeclvddgies@GAd s@uiionAT A D O]
are now more and moretackling interdisciplinary domains. Celtic has already paved the way to

promote endto-end communication solutions, but more expansion e.g. towards services and
user-centred solutions, are needed.O! | AEAT O ET OA1 1 ECAT AA6 AAT 110
onlU ET OEA OATOA 1T &£ OAI xAUO AiT1TAAOGAAG 1T O AOAT O
but also as interdisciplinary and multidisciplinary service integration, e.g. automatic detection of

appropriate services to be available on the more often mobilthan fixed terminal, depending on

the location of the user.

In addition, new societal challenges are appearing, with communication technologies likely to
play a large role e.g. in environmental awarenes$echnologies and solutions amultidisciplinary

level are also requiredto addresssuch issues as developing new applications to reduce the need
for travelling, and new technologies for reducing energy consumption, and moreover, to manage

1AEEO0 %QAAOOEOA 30i1 AOU EO Al 01 AGAEOAATREAD AADAOADA
2 Facebook was first launched in 2004, MySpace in 2003, YouTube in 2005, Twitter in 2006, Second Life in
2003, and Google Earth in 2005.
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and control the best use of energy in other business or private s®rs e.g. health, transport,
energy, egovernment, urbanisation, knowledge and culture.

All of this contributes to the need for more bandwidth, more reliable networks and more
efficient and secure transport protocols and delivery mechanisms. Most new ajgtions are
demanding in terms of amount of data exchanged, more especially because they deal with video
content. The development of Video on Demand and video streaming, the appearance of HDTV
(whose first regular broadcasts had not yet started when Cettiwas initiated), which will be
more and more conveyed via the Internet, and then 3DTV, will continue and drive the demand
for fixed networking. The explosion of smartphones drivesuserO @equirements for having
access to similar services on their mobilegrminals, as well as additional specifienobile services
(e.g. location based)Portable laptops have been continuously gaining ground against fixed PCs
and contribute to the demand for nomadic access and services.

The Internet has become the global hub for information and communication where

different actors, whether businesses, communities or individuals, connect with each

other, share their contents, and want to be aware of their context. They are

connected to social networks and virtual worlds, sharing knowledge within a given

community. They want all those features to be accessible anywhere, anytime and on

any device, but they also want to protect their privacy. Celtic-Plus positions itself at

OEA EAAOO T £ OEA OPATI ET ¢ AEICEOADAROAI GIEDAE Kk
CELTIGPLUS MAIN RESEARCHREAS

Celicol 6O DPOT 11T O0AOG A 031 A0O #1711 AAOGAA 71 01 A68 4EA
service platforms and applications have become increasingly blurring. This is why better suited

views onthe whole communications system are needed. In CeliRlus, the main research areas

xEIl1T AA O A0 AT TTAAODAROCATAAT OABRBHIAK 6ATAIRIADAOCODOADS OF
connectivity aspects. Key topics of CeltiPlus projects will be related tonetwork elements and
infrastructures, like wireless, optics and energy efficiency, as well as network architecture and

AT T1TAAOEOEOUh 1T EEA 1TAOx1 OEET ¢ AT A AOOITHd-EA 1TAOD
end services and applications. Celti€lus prgects will deal with future end-to-end services, like

digital home, digital enterprise, digital city, digital school, digital transports, and-tealth, as well

as horizontal services, like security, public safety and identityespecially when it comes to

protecting the user while keeping European values such as individual privacy and
confidentiality. This aspect also includes business aspects, like evolution of value networks in
telecommunication business focus area, forecasting the changes in value netwend business

models, and user modelling.

Celtic-Plus projects, evidently, will also focus on the architecture and challenges of the Future
Internet. Today's Internet protocol has been designed for fixed network applicationswhile the
impact of the mobile radio channel has not beeffully taken into account. Therefore, one major
challenge isto further develop the network infrastructure, which makes mobile Internet with
high Quality of Service happen in conjunction witha much higher flexibility, capacity
(bandwidth) and mobility, so that titure applications do not suffer from the current limitations

of the Internet and that Quality of Experience stays at optimal level for each and every user
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Collaboration between existing Celtic participants coming mostljrom the telecommunications
sector, and players from other areas, will be encouraged, in order to promote a multidisciplinary
approach to address topics such as smart energy networks, intelligent transport systems, and
eHealth-related technologies and saltions.

Asthe Internet is evolving, efforts will also be made in regard tothe development of new tools,

allowing user profiling, recommendation systemsand new applications to enhance the creation

of online content by professionals and amateursThe development of novel multidirectional

interfaces and interaction mechanisms, includic | O1 OEi T AAT EOU AT A e¢bOAO,
integral part of CelticPlus priority research domains Those new interfaces, technologies,
methodologies and certification modelsshould indeed be developed to ensurehat the Future

Internet doesnot exclude anyone and, furthermore,that it makesthe Information Societymore

inclusive.

CELTIGPLUS IN THE EUROPEANCT R&D LANDSCAPE

In addition to dealing with the new marketand technologicaltrends, CelticPlus shall also take

into account the evolution of the EuropeaniCT R&D landscape and adapt accordingly. The
evolution of the communications and more broadly of the whole digital worlerelated market

has also been identifie by other organisations at national and European leveNew initiatives

are appearing, and existing programmes change, especially to take into account a wider system

AT A |1 Ol OEAEOAEDI ET AOU PAOODPAAOEOAS 4EA Ol DAAIT
areas, i.e. Smart Health, Smart Transport, Smart Energy, Smart Enterprises, Smart Living, etc. as

the main objectives behind the Future Internet developmentsand is currently starting a new

Future Internet Public-Private Partnership. Some national RR programmes alreadyplace the

OPAT P1 A6 AO OEA AAT OOA 1T &£ OEA ET OAOAAOQGEITT ATA
economy and technology, and the environment, promoting priorities related to health and
wellbeing, digital world, and sustainable wold, or emphasize the need for new generation

networks to solve emerging social issues such as energy shortages, aging demographics, and
natural disasterss.

Celtic-Plus is dedicated to pursue the most appropriate relationship with a potential Joint
Technology Initiative (JTI) or the Future Internet PPP to increase the impact of European

research and to assure consistency and synergy of the research work, in order to build a most
AEEFEAEAT O %001 PAAT 2AOAAOAE | OAA EAOG8OEA OAAI EUA
CONCLUSION

The high importance of the telecommunications sector for the European economy and the

increasing technological challenges are the main drivers to carry out further markeiriented
OAOAAOAE ET All AOAAO OAIl AddikMRlusiill graduadydekpdrd @ #1 1 1 A,
topical focus fromthe connection and service aspeaba®' AO AT 11 AAOGAAS6 AT A O7E|
view, taking into account the adjustments described in thisvhite paper and in more details in

the new Celtic-Plus Purple Bok. CelticPluswill enrich its approach, in line with the evolution of

3 Priorities mentioned by Tekes in Finland and NICT in Japan.
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the marketplace and of the R&D environment. At the same time, to ensure further success, the
involvement of additional countries, a better synchronisation of project funding, and a singer
commitment from supporting countries, are key elements that will be required in the coming
years.

The Celtic-Plus Initiative is essential for securing and enhancing the market
position of the European telecommunications industry, by continuing the
successful work initiated by Celtic almost eight years ago.
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1. INTRODUCTION

This Purple Book is issued to support the adoption of the Celtielus programme by Eureka and
the Public Authorities. It also provides project poposers with preliminary guidelines on the
main priority research challengesthat will appear in the first Celtic-Plus calls.The idea behind
the CelticPlus Purple Book is to define and describe the technical priorities and the research
challenges that CeltiePlus projects should focus on. We will also stress the main business and
technological trends that will drive the evolution of the content of this new R&D programme,
although they are described more at length in the associated documehti O E GdltidRius: @hy

a follow-up of the Celtic programme is neededl

Section 2 describes the current evolving telecommunications market according to which the
Celtic-Plus programme and projects priorities should be assessed.

Section 3 lists the main priority research areas tht should be tackled byCeltic-Plus.

There are many available documents describing similar topics, more or less partially covering

Celtic-Plus related areas. They have sometimes been drafted with contributions from more or

less the same industry and acadeia players. The most relevant for Celti© | 0O AOA OEA 030
2AO0AAOAE ! CAT AAGS 3210q AiiTETC A&OTiI %001l PAAT 4,
documents issued from other initiatives supported by the European Commission, such as the

Future Internet Assembly (FIA); one particularly important example is the s A1 1 A A% 200001 00
document. The Commission is also issuing very regularly new contributions from ISTAG, the
Information Society Technology Advisory Group, or other more specific groups efperts, in

addition to the top-down Work Programmes from FP7which are updated every two years.

There are also documents available at national level to support research priorities in various EU

countries4. This is why a specific crosseference table hasbeen included in this version of the

Purple Book. Asummary table is to be found in section 4The complete table is in a separate

document which is annexd to this Purple Book.

References, abbreviations and acronymaye at the end of the document.

As already stated, this is the first version of the CeltiPlus Purple Bookln a similar manner to
what has been done with Celtic, updated versions will be made available along the course of the
Celtic-Plus programme.

4 For a list of documents, please see tHeeferencesection at the end of this document.
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2. CELTIGPLUSIN THE EVOLVING
TELECOMNUNICATIONS MARKET

2.1. MAIN BUSINESS AND &XIETALTRENDS

The main challenges that lie in front of us in the next few years are likely to be increasingly

centred on the user Technology is there to support all these services that will be offered to

individuals, groups and communities, businesses, and the society as a whole. This is mostly

AT ATT DAOOAA ET OEA O&OOOOA )1 OAOT Aboh xEEAE ¢Ci A
information to start bridging the gap between the digital and the physical worlds.
Communication technologies are essential to support a new era where individuals, communities

and businesses will see the frontier between physical and digitaéxperience progressively

become more transparent. In order to achieve this evolution in a satisfactoryanner, the border

between network infrastructure and services will become more and more blurred. Business

models will also need to evolve accordingly, beyond flat fee subscriptions.

All human activities and business sectors are evolving towardthe digital era. New societal
challenges are appearingwith communication technologieslikely to play a large rolee.g.in
environmental awareness Technologies and solutions amultidisciplinary level are more and
more required to tackle such issues as developiy new applications to reduce the need for
travelling or new technologies for reducing energy consumption, and moreover, to manage and
control the best use of energy in other business or private sectoesg. health, transport, energy,
e-government, urbanisation, knowledge and culture. This means that competence from
communications, ICT, and other domains mentioned above need to be included

The focus of the Internet as a wholdas evolved andEO 11 x 11 OPAT b1 Ad AT A (
transporting multii AAEA OAT 1T OAT 66 A1l AOne@ ithé® Kek Fight we BA OO E A A ¢
technologies and solutions tacklingnterdisciplinary domains. Celtic has already paved the way

to promote end-to-end communication solutions, but more expansion e.g. towards servicasd
user-centeredsolutions, will be needed.

Updated \érsion 2012 z March 2012 Pagel0



@

Celtic Plus

Celtic-Plus Purple Book

Tomorrow's Society

= Virtual meets Real: Bridging the Real and Cyber Worlds

Searmiess infegration of physical and online acltivities

The environment as the inferface < Infernat of Things

= Creativity in Products, Services and Digital Media

New paradigms for digital media and confent < Internet of Content

= From a Mass Society to a Networked Society

ICT fostering social inferaction and commu nify-buiiding =2 infernet of People

= Business Transformation
Disruptive change in the service industries

Agile Manufacturing in Europs

Betfer Parforming Public Services < Infernet of Services

Figure 1: Internet of Things. Content, People andServices

Not only people but also enterprises will benefit from ICT as an enabler to transform the whole
society in a number of wag, ofwhich some are shown in Figure.

Online Public
Services

Online
commerce

Window to
the world

Stand by me
Talk &

communicate

Dynamic &
versatile B2B
transaction

Collaborative
work

Be

entertained &
educated

Design &
manufacturing

Figure 2: ICT as an enabler both for people and businesses
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2.2. MAINTECHNOLOGICATLRENDS

The main characteristics of the current telecommunications market may be summarized as
follow:

e Theconvergence ofapplications/services and infrastructure is really starting to happen;

e Networked/collaborative enterprises and digital manufacturing are emerging;

e New architectures are emerging which are facilitating convergence between infrastructure
and =ervices, as well as fixed and mobile solutions

e EndOOAOO AOA AAAT T ET C POT AGAAOO AT A AAOI OO 1T E E
models and technologies that are more and more open for usage;

e We are in the middle of fibre and wireless developmentrad deployment, which is likely to
greatly impact the society as a whole.

The current main technological trendsare:

e The speed of technology development and deployment is getting faster : eg. the life
cycle of new end user device, like mobile phoser multimedia computers, is approximately
2-3 years only.

e -1 T OAOO 1 Ax x Ednfinuous lafivénEeménfs of price/performance ratio of
microelectronics drive low cost devices and highly integrated network components (flat
networks)

e Mainstream IT technologies are revolutionizing the t elecommunications business:
Commaodity hardware, Enterprise IT technologies (e.g. SOA, Utility Computing), and Open
Sourceare enabling new product architectures.

e User-Generated Content will grow on a massive scale : Operators are keen on traffic
growth according to2 AAA8 O 1T Ax AT A 11T xAO0 AT 66 1 &£ Ai 1 O0AT O
control and community managemenieed tobe solved

e Location services are new enablers for location information which will leverage all types
of servicesand contents.

e Converged services are expanding , making theconvergence with AlFHIP seamless and flat
fee. Value is shifting tothe content/services and application side. New sustainable
telecommunications business models are necessaryConsumer preferenes in service
adoption and context disclosure will strengthen identity and privacy issues

In addition, advancements in transmission transport technologies (fibre optics, DSL and
radio) drive high-speed broadband connectivity to the end usernabling quaduple play and
other emerging applications.

Operators are likely to be ready and support new emerging scenarios such amyding service
enablers inside the Service Layer and makg them available to other service providers
throughout service exposure, orfinding all the enablers outside the Service Layewith all
servicesbeing built wit h a mash up of external elements. Thus, some potential key targets from
their perspective are

e New business by value added services, more independent of the network thasday;
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e Areduction in management effort, despite increasing network complexity;
e Cost optimization in access, transport and core, even when a higher capacity is available;
e Performance improvements, in terms of bit rate, coverage, Qo0S, security;
e Telco and ITconvergence, for an easier and fastantroduction of new applications. What
AT AO OO60A6 1 AAT A@AAOI U ET OEEO AAOAe )OO EO

O
(@}

The services domain, although related to the network, will likely become a priority of its own

with topics such as cloud computing, enterprise applications, open software, and usgnerated

content. Service adoption is mainly driven by Internet companies such as Google and Yahoo,
Al11TxAA AU OAT T T OTEOU 1 AAAAOOOG Such seriideskbming 4 6 q A
AOT I OEA xAA xEI1l EibDIU OEA AOAAOQCEIT 1T & Al AAI EIl
applications like HD/SD video, P2P, webX.0. Unicast TV/video will also drive an exponential

growth in traffic (a 100 fold increase is a likely outcome)while more and more powerful devices

will drive data usage.

]
(

The network infrastructure will remain the foundation of all other pillars of the Future Internet.

Future Internet

Figure 3: the pillars of the Future Internet

5 Extracted from the document@uture Internet; the Cros€ETP Vision Document See references at the end
of the document.
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2.3. OVERALL SCOPE @FELTIGPLUS

Celtic-Plus projects could heavily contribute to advanceson such topics as economidiber

solution, LTE and beyond 4GAmbient intelligence shall not be understood only in the sense of

OAl xAUO AT 11 AAOGAAG j I, 0e.canfcbré&dAvien @duked Bout AlgolinithieA OA A6
sense of interdisciplinary and multidisciplinary service integration (e.g. automatic detection of
appropriate services to be available on the mobile terminal depending on the location of the

user). Progress on urban computing and identity management will be critical for mobile
applications, as well as technology enablersuch asnew video featuresand security. Security

topics such as beyondDRM trust, and security, will remain at the core of the main research

areas, especially when it comes to protecting the user while keeping European values such as
individual privacy and confidentiality.

In order to respond to all these requirements, Celtid®lus will primarily focus on two key
aspects whichare AAT 1 AA DABDARTATA O7EEI A AT T1TAAOAAGS

Infrastructure and connectivity Services and applications

y y

Services & End-User
Network and Network Business Support . . Services
Multimedia
Platforms Management Systems
Systems

NS @

S &
Ky R
S &
§ 2

Get Connected Connected

Figure 4: The two main research areasof CelticPlus

O A0 AT TTAAOGAAS xEI1T OAAEI A OEA Togitsa® fateddd®A OO OA
network elements and infrastructures, like wireless, optics and energy efficiencyas well as

network architecture and connectivity, like networking and autonomic networks.

O7TEET A AT 11 AAOAAOG -toserdl skrvic€s AaAdE dpdlicatiors Bhe wpicd scope

includes future end-to-end services, like digital citizen, digital home, digital enterprise, digital

city, digital school, digital transports, ehealth and games as well ashorizontal services, like

security, public safetyand identity. It also includes business aspects, like evolution of value

networks in telecommunication business focus area, forecasting the changes in value networks

and business models, and user modelling. New aspects related to the Future Internet will come

into consideration, in particular for issues that are closer to the market

Updated \érsion 2012 z March 2012 Pagel4d



@

Celtic Plus

Celtic-Plus Purple Book

If we look at themain OAAET I 11 CEAAT OOAT AO wd dbseré dAsimdar AO AT 1
evolution track between wireline and wireless networks(Figure 5a). However when looking at
the market trend, it seems thatthe growth lies more with mobile broadband(Figure 5b).

1.000) ‘
=z 100]
E LTE
= WMAX . =
& 10— HSPA. . . . . .
g . Figure 5a: track evolution in wireline and
Y - R wireless networks
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Figure 5b: market trends for fixed and mobile broadband subscriptions worldwide

An overall picture of the ICT market shows thathe services areds bringing more growth than
the infrastructure, makingtheO7 EE1 A A hspdctAlfti@AnAré important.

Source: EITO in co-operation with IDC
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2.4. TRANSITION FROM CELC TO CELTIPLUS

Based on the outcomes ofompleted zbut also currently activez projects, three major research
lines have beenidentified:

e New personalized services by developing new serviqdatforms;
e New income sources, like new multimedia services;
e Better operation by looking at new infrastructure solutions.

The transition phase from Celtic to Celti®lus, i.e. from 2009 to 2011, should therefore give a
particular focus on these three resemh lines, and more specifically the following

e Service platforms are facing a service revolution with web2.0 serviceextensions. Such
topics asVolP, video conferencing @Al OOOATI A6 O1 11 0 A O 3- %Oh |
prioritized, with an emphasisi T O1 1T EET ¢ AO OEA AOOOI I ADo 8
e New multimedia services moving towards ambient intelligence in the new sense of the
term®. The focus should be on video conferencirigtelepresence, and home services
e Solving the infrastructure dilemma towards a fully conneced world. Fixedmobile
integration, along with low-cost broadband solutions, new OMA tools, integration of 3G
WLAN and development of new devices, should be tackleSecurity plays a critical role in
this domain.

6 As already statedAi AEAT O ET OA1 1 ECAT AA OEAIT 110 AA O1 ARAOOOI
OAOEAO OAAOGO Ai11AAOGAA6Qqh AOO Al 01 ET OEA OAT OA T E
(e.g. automatic detection of approjate services to be available on the mobile terminal depending on the
location of the user).

7 In this context, new video conferencing services will make use of enhaed network capabilities. Video

quality will require network adaptation to assure adequatequality of experience. This feature is already

possible in mobile networks and has to be extended to other domains

I A
E
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3. CELTIGPLUSMAIN RESEARCIKEHALLENGES

3.1. GETCONNECTED

0" A0 Ai1T1AAOGAAe xEI1 OAAEI A OEA ET £ZOAOOOOAOOOA
network elements and infrastructures, like wireless, optics and energy efficiency; and around
network architecture and connectivity, like networking and autonomic networks.

)T OAOAEOAEDI ET AOU AAOxAAT O' AO AT 11 AAGAAG Al Al Al

Get Connected

p

=1, \\/ide area networks

5..1(

Short range communication

2%\ Technologies at lower cost

Figure7:0' AO AT 11 AAOGAAS ET OAOAEOAEDI ET AOU

In addition, energy efficiency will become more and more a primary target fomew
communication systems and solutions4 EAOA A OA A | 01 OEAEOAEDI ET AOU
AT TTAAOAAS AT A T OEAO AOAAO OOGAE AO AT AOCU AEEEAE

Get Connected

- More effective 1 [ Connected objects‘
mobile stations » Automation and
and terminals learning Network

» More efficient elements
data centers » Network content

aware
Energy Autonomic
networks
Figure8:0' A0 Ai 11 AAOAAS [ 81 OEAEOAEDI ET AOU

One of the mairpriority challenges in this area is of course to work on thearchitecture of the
Future Internet. The reason for the need to further work on the architecture comes from the fact
that today's Internet protocol has been designed for fixed network applicatins. The impact of
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the mobile radio channel has not been taken into account. Therefore, one major challenge is the
further development of the network infrastructure, which makes mobile Internet with high
Quality of Service happen in conjunction with much igher flexibility, capacity (bandwidth) and
mobility than today. These developments should support the requirements of the pillars of the
Future Internet. Future applications will not suffer limitations in Quality of Service like in the
today's Internet, if these technical requirements are fulfilled.

Besides, the mass market deployment of services and applications (like video streaming or the
download of huge files) will require capabilities that today's infrastructure cannot offer.

Finally, Celtic-Plus should address the possible scenarios for a possible degradation of the
Internet performance. Those scenarios aras follows:

1. Lack of investment . The Internet is becoming a commodity. There are few, if any incentives
to upgrade the infrastructure that sugports the Internet experience of an ever increasing
part of the population.

2. Sudden meltdown . Despite significant engineering efforts to produce stable protocol
specifications, solid software and reliable hardware, the Internet is not as stable as one

mgeO xEOE8 4EA )1 OAOT AOGGO EEOOI OU EO OAAOOAOA/

starting with the early congestion collapses, intended or accidental misconfigurations that
disrupt Internet traffic significantly

3. Increasing complexity . The Internet can end up with a set of heterogeneous and
incompatible protocols, algorithms and solutions that make ita chaotic machinery whose
management becomes so complex that gets out of control. This situation could be
realistically reached if we continue deplojng solutions that partially could seem beneficial
because each of these solutions itself could contribute to sohing specific problems that
appear every day

4. Lack of innovation. Driven by understandable shortterm commercial interests, industrial
and academic actors have partially failed to maintain a sustainable innovation rate for the
Internet. This has led, at all levels of the Internet, to a shetérm pragmatic but not scalable
incremental feature/plug-in/add -on based approach dampening dowprogress,even if now
the consensus seems to be that the Internet will bend but it will not break. The collapse of
the Internet may be more a "soft degradation"meaning that the QoS is continuously slowly
being reduced, if nothing happens. This may most probdy not lead to a blackout. This
would result in a reduction of thevalue of the infrastructure, and eventually in the lack of
sustainability of the infrastructure, once costsare higher than benefits

As a consequencemprovements in network infrastructure are mainly related to functionaliies
like:

e capacity (bandwidth),
e mobility,

e accountability,

e security/privacy/trust,

8 As identified by the MANA (Management and servieAware Networking Architectures) group of the
Future Internet Assembly (FIA).
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e network operation and management

Furthermore, the basic elements related to network architecture like flexibility, future
proofness, redliency/survivability , and scalability ofthe routing system should be considered to
support new applications like strict reattime transmission and reliable transmission without
information loss in the industrial domain.

Those elements have to bdeveloped taking into consideration issues related to

e Cost efficiency

o Efficient use of resources such as spectrum

e Energy efficiency

e Easy operation and maintenanc¢including network interoperability )

At present, there are also some concerns related to opgional and engineering issues that have
to be solved:

1. Operational : lack of methods and processes to prevent e.g. mienfigurations, to improve
diagnosability of e.g. bugs and configuration problemsautomation of configuration and
provisioning processes better tools for monitoring and managing traffic,

2. Architectural : weaknesses inthe design ofrouting protocols of the Internet (in terms of
scalability, convergence, and stability properties) and transport protocols (in terms of
performance, fairness, dfcient usage of resources, etc)imitations in mobile IP (scalability
problem (home agent and tunneling) as well as location, and triangulation problemand

also the IP address semantic overload (locator, host ID, user ID, etc) and address space

assignment. Also related areinter-domain routing system (scalability and quality (stretch,
convergence, and stability properties).
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3.1.1. NETWORKZELEMENTS ANDNFRASTRUCTURES
3.1.1.1. Wireless

Driven by cellular mobile services, demand for capacity in wireless communicati®ystems have
been rapidly increasing worldwide. On the other hand, the available radio spectrum is limited
and the communication capacity needs cannot be met without a significant increase in
communication spectral efficiency. Several techniques are avdile to increase spectral
efficiency in wireless communication systems, as listed below.

Adaptive Modulation and Coding

Adaptive modulation and coding (AMC) schemes adapt to channel variation by varying
parameters such as modulation order and channel codeate based on channel status
information leading to efficient spectrum utilization. Note that for systems with AMC, channel
state information needs to be accurately estimated for proper implementation.

Multi-hop Architectures

Multi-hop radio networks are caonposed of radio nodes providing retransmission capabilities.

These radio nodes can be mobile terminals with special relay functionality. This architecture is
caledOAA ET A68 4EA OAAET 11T AAOG AAT Al O EE@ EIT OOA
as relays.

AEEO EETA T £ AOAEEOAAOOOA EO OAEAOOAA O1 AO 000C
the coverage per base station and allow scalability of the radio network to match offered traffic

capacity, leveraging fast deployment of wirelessetworks with low cost. Topics such as real

time requirements and routing need to be standardized. Cooperation between radio nodes can

also help improve overall spectral efficiency.

Multi Antenna Systems

In order to overcome the impairments introduced by he nature of the wireless fading channel,
multiple antennae are used on the transmitter and receiver. A mulhntenna system block
diagram is shown in Figure 99. These systems can be classified into two groups: adaptive
antenna systems and multiple input multiple output (MIMO) systems.
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=

Figure 9: Multi -Antenna System Example

Receiver

e Adaptive Antenna Systems

Adaptive, smart antenna technology uses antenna arrays, digital processing techniques and
complex algorithms to modify transmit and receive signals at the base station and at the user
terminal, leading to improved spectral efficiency of a radio channel, aneased capacity and
coverage. Form factor, due to relative antenna locations, is a critical design restriction in this
technology.

e Multiple Input Multiple Output (MIMO) Systems

Multiple -input multiple -output (MIMO) techniques are based on establishing seval parallel
independent communication channels through the same space and frequency channel by using
multiple antenna elements at both ends of the link. They can provide significant improvements
in the radio-link capacity including data transmission rates by making positive use of the
complex multipath propagation channels found in certain terrestrial mobile communications.
Similar to adaptive antenna technology, the form factor is critical.

Cognitive Architectures

Flexible sharing of frequency carriers btween different operators/bands/systems is a method

to optimize the use of spectrum resources. However this will have serious implications on the
regulatory side, and on the time required to scan the spectrum and locate a radio access
technology carrier dter the terminal has been powered on.

Standards

The methods above to increase spectral efficiency are currently being integrated to the wide
area network (WAN) standards, in order to fulfill the recommendations provided by IMT
Advanced technologies. In tis section, the requirements for IMFAdvanced technologies are
summarized along with candidate standards.

e |MT-Advanced

As envisioned by the International Telecommunication Union (ITU), there will be a need for a
new wireless access technology to be develed around the year 2010. This technology is named
International Mobile Telecommunications- Advanced (IMT-Advanced).
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IMT-Advanced systems are mobile systems that include the new capabilities of IMT that go
beyond those of IMF2000. Guided by Resolution 10-R 57, ITU has started the process of
developing recommendations for the terrestrial components of the IMIAdvanced radio
interfaces.

These recommendationsnclude:

e For cost efficiency,a high degree of commoriunctionality worldwide and the flexibility
to support a wide range of services and applications is required.

e Backward compatibility of existing services within IMT and with fixed networks is
recommended.

e IMT-Advanced systems need to be able to interwork with other radio access systems.

o Userfriendly applications, services and equipment are required, along with suitable user
terminals for worldwide use.

e Worldwide roaming capability is recommended.

e Recommended peak data rates to support advanced services and applications are
defined as:

A 100 Mbit/s for high mobility use cases
A 1 Gbit/s for low mobility use cases

The capabilities of IMFAdvanced systems are being continuously enhanced in line with user
trends and technology developments to address evolving user demands.

e Standardization Efforts of IEEE

IEEE 802.16's 802.16 Task Group m (TGm) is chartered to develop an amendment to IEEE
Standard 802.16 as an IMAAdvanced candidate. IEEE authorized development die 802.16m

OOAT AAOA AT OEOI AA O!'EO )1 OAOEAAA A O ystedAA AT A
I AOAT AAA ''EO )1 OAOZEAAAG OET AA $AAAT ARO ¢mnmnos

The scope can be described as an amendment to the IEEE 802.16 Wireless Metropolitan Area
Network z Orthogonal Frequency Division Multiple Access (WMADFDMA) (also referred to as

WIMAX) specification b provide an advanced air interface for operation in licensed bands. It is

being designed to meet the cellular layer requirements of IMAdvanced next generation mobile

networks. This amendment provides continuing support for legacy WMAIXDFDMA equipment

as recommended by ITU.

Other important topics include:

e LTE, WiMax, DVBH, radio channel.

e Short range communication, with technologies such as Millimetre wave technologies, UWB,
WLAN, ZigBee, Bluetooth

e Broadband terminals and base stations.

e WirelessBroadband, with such challenges as:

e Designing and promoting innovative and coseffective solutions
e Technology transitions according to market needs and technology maturity
e Regulatory aspects
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¢ |dentifying business opportunities for different markets and fordifferent segments

e Handling convergence, e.g. fixed, mobile and broadcasting netwsrk

e Femtocells

e Terminal architectures, multiradios, broadband antennas, smart antennas, HvEnd SW
modules and components, filters, power amplifiers, software defined radjoCognitive
radio

e | OAEEOAAOOOAT AAOGEcCT h T ATACAI AT O 1T &£ AAAAROGO

e Wireless Broadband: Wireless broadband access will be the main enabler of ICT usage
and Information Society, making life easier and efficient.

e Backhaul of high datathroughput: Bandwidth demand will continue to increase with
migration to All-IP.

e Last mile and irnbuilding/home solutions: Digital home network with effective last mile
access will increase service penetration in our daily lives. Cost and speed of
establishment will be the main driving factors.

e Regulation effects on converged access: Fast and effective standards and regulations will
shape readiness of the EU ICT industry for global competition.

e Dynamic spectrum use: Spectrum Efficiency/fragmented speaim
e Combined navigation and telecom services and applications, in cooperation with the Galileo
program

3.1.1.2. Optics

Since their introduction thirty years ago, photonics technologies have largely contributed to the
massive development of communicatiometworks and it can beeasily predicted they will serve
as grounds for most of the network revolutions ahead, as unrivalled cosfficient and power-
efficient enablers of the new capacityhungry applications. Rather than smooth migrations along
a single path, stepwide, disruptive innovative changes have been setting the pace of photonics
and will most likely continue to do so.

An analysis of the drivers of photonics suggests that its future expansion will be made along four
paths:

e make networks faster

e make networks more transparent
¢ make networks more dynamic

e make networks greener
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Figure 10: The four paths of expansion of future optical networks

These paths correspond to four market drivers that pull simultaneously, but cannot all win
simultaneously. It is therefore important that the European industry benefis from researchand
developmentalong all four paths in order to preserve its leadership.

More capacity optical networks

Since the beginning of the years 2000, the internet traffic is observed to grow at a rate of 60%
per year, or equivalently at a factor of 10 over a 5 years period (refflinnesota Internet Traffic
Studieg. Up to now, the traffic increase is supported by djal networks providing the
requested capacity thanks to the wavelength division multiplexing and transport of several high
speed optical channels through a single fibre. The very key point is to still better exploit the
available bandwidth of optical fitres; this is obtained by packing channels closer to each other
while simultaneously increasing their individual bit rate. At a research level, WDM capacity
transmission records beyond 10 Terabit/s have been reported, and the total capacity growth is
still observed, even at a more modest pace since the recent years.
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Research records
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Figure 11: Evolution of the bit rate per optical channel and of the total capacity
obtained thanks to WDM, transported through a single fibre (after S. Bigo, P. Winzer)

The capacity performance is characterized through the scalled information spectral efficiency,
expressed in bit/s/Hz. Transmission systems under development will propose a 2 bits/s/Hz
information spectral efficiency, achieved through 40 and 100Gbit/s achnced modulation
formats and advanced detection techniques. Within the next five to ten years, advanced
techniques and engineering must be identified and developeid prepare future networks with
an information spectral density increased by a factor of & It must be underlined that the
absence of solution will prevent ICT applications from their expected progress. This clear and
challenging objective is mandatory, to cope with the traffic increase while maintaining the cost
and energy of the transportedbit at an acceptable level. The most relevant investigation
directions will involve studies on theoretical analysis of nonlinear transmission limits, advanced
new line and specialty fibres, high speed opto and optelectronic devices, advanced
engineering,modulation formats and receiving techniques.

More transparent optical networks

Many opticalelectrical conversions are performed in today's optical networks, frm transport to
access networks Increasing optical trarsparency is obtained byremoving these conversionsas
much as possible. It will benefit to the transport but also to the access networks, by allowing
several bitrates, several modulation formats, or several radio standards to tr&V across the
same generic fibreinfrastructure. In particular, transparency will make possible the cost
effective convergence of some networks, e.g. radio andditkaccess, or metro and access.

The ongoing introduction of transparency through optical crossonnects based on wavelength

selective switches has already mmoved some limitations to the development of network

capacity. In the ideal scenario, an optical data stream enters the network though the input node,

possibly travel across several intermediate nodes, and reaches its destination node without
conversion to electronics along the route. Numerous challenges remain to be solved in order to

create fully meshed optically transparent networks or subnetwork. For example, longer
AEOOAT AAO xEIT TAAA O AA AOEACAAh AATE®IOD A COA
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require novel link designs, with appropriate dispersion maps, and to revisit all the performance
estimators, that have already become obsolete. The interactions between signals at various bit
rates, travelling across a variety of fibre types wil cause new propagation impairments
(nonlinear effects, primarily) that have to be characterized and contained. The accurate
assessment of the distortions stemming from transparent nodes in terms of crogalk or
filtering will need to be included in this picture as well. In order to contain the above spurious
effects, coherent detection and massive digital signal processing will most likely be very helpful.
They will deserve particular research focus. The atbptical processing techniques for signal
regeneration (preferably of the entire wavelength multiplexed signals at once) or for wavelength
conversion are also promising techniques. They could not only help to expand transparency
further, but also to bring about wavelength agility and, hence, further saon the numter of
terminals.

The requirement for more transparency also spreads in optical access and home networks for a
simple reason: the distribution of many heterogeneous data formats and communication
applications will tend to convergent optical didribution network architectures characterized by

a high level of transparency, so as to cope with all types of traffic in a cafficient and energy
efficient way. Radio over fibre techniques will be for example a key technique towards more
transparency in optical access and home networks, leading to convergence of fixed and mobile
networks. Long reach optical access networks (up to 100km) will allow convergence of metro
and access networks, with WDM and cheap optical amplification as a common denominaamd
colourless customer modules as a preequisite. This trend towards more transparency may
largely rely on the use of wavelength and/or sukcarrier multiplexing technigues, which can be
combined with transparent optical or radio-frequency processing, abviating the need to
perform digital processing in all parts of the network. Hence, the convergence of metro and
access could be eased if the aggregation and distribution of signals are performed by optical
means. Similarly, the convergence of home and &ss networks would clearly benefit from the
introduction of optically transparent home gateways, which remain to be developed.
Transparency has the additional advantage of contributing to more energgfficient networking
without decreasing flexibility and agility. Overall, optical transparency is a useful feature for
decreasing cost (cost/bit)and energy consumption (J/bit).

More dynamic optical networks

The increasing competition on leasedines and Virtual Private Network services strongly
encourages opeators to offer quicker provisioning of connections, or even customecontrolled
switched connections at the transport network level. The dynamicity of the optical network is
thus related to the possibility for the network to automatically and dynamically ontrol and
manage connections, either for protection or restoration purposes in case of equipment failure,
or for traffic engineering purposes, or at the customer's demand. In a longer term view, a truly
agile network will require self-learning and autodiscovery of the available resources, making it
really zero-touch. It will thus pave the way towards truly dynamic optical circuit switching or
even optical flow switching (switching very large bursts of packets). The introduction of optical
cross-connects 5 one of the first requirements for transport network dynamicity. But
dynamicity also requires a control software (or plane) of the network. In each node, it should

Updated \érsion 2012 z March 2012 Page26



@ Celtic-Plus Purple Book 2!

drive the configuration of the optical crossconnects (which wavelength from an input fibregoes

to which output fibre) but also force electronic regeneration of a given wavelength, that cannot
be sent transparently all the way to its destination. This software has to be impairmeaware,
i.e. aware of the feasibility of all optical paths beforestablishing connections: this is, by itself, a
real challenge. In the routing process of optical channels, the control plane will also have to take
into account energy consumption, thus allowing energyaware optical networking. To be
accurate, it needs @ be fed with photonic components parameters, possibly from active
monitoring, and should rely on dedcated fast routing algorithms.

The motivations for dynamicity can be partly addressed by remote wavelength management,
thanks to crossconnects. However, other approaches deserve to be investigated as a
complement or to go beyond. The most promising of them consist in automatically varying the
bit-rate per wavelength, continuously or stepwise, or in varying the wavelength spacing.
Dynamicity can also be otained by adding or dropping subbands in/from a multicarrier signal
e.g. an orthogonal frequency division multiplexed (OFDM) signal. All these approaches deserve
deep investigation to assess their potential. Other strategies rely on optical switching withuch
finer granularity than the optical wavelength channel, whether at burst or packet level. These
optical burst or packet switching techniques allow efficient aggregation of traffic coming from
access networks, and will spread into metropolitan networkdirst, then into backbone networks.
They will be in particular the cornerstone of convergent meopolitan and access networks.

As a matter of fact, the need for dynamicity will also be a key of future optical access networks,
able to provide ondemand and bit-rate adjustable broadband access connections to the end
users. Variable bitrate transmitters and receivers will be one approach for this optical access
network agility. Agile multiplexing and multiple access schemes will also be developed and tend
towards fully wavelength-agile optical access networks. These advanced schemes will be
combined with dynamic time-based, wavelengthbased, or even sulrarrier-based bandwidth
allocation mechanisms. In particular, agility provided by multicarrier multiple access
techniques (such as OFDMA& Orthogonal Frequency Division Multiple Access) is a promising
solution towards future generations of PON (Passive Optical Networks). In a longer term view,
optical burst or packet switching is considered as a solution towas convergent access and
metropolitan networks, opening the way towards endto-end all optical switching in the whole
network.

Future usage of home area networks will also require a high level of dynamicity: as broadband
and digital storage devices gain m@ success to the home every day, the trend is that it shall be
possible to use all these devices everywhere at home with high flexibility, and with high data
rate connectivity to transfer content either from remote servers or between endlevices
sparsely distributed everywhere at home. This will require agile multiformat optical home
networks based on multipoint to multipoint topologies. These advanced home network
architectures will largely benefit from wavelength division multiplexing and/or sub-carrier
multiplexing techniques, so as to easily manage multiple access to the network as well as various
formats and services, incluihg data, video, and wireless.

Updated \érsion 2012 z March 2012 Page27



@ Celtic-Plus Purple Book

Greener infrastructure

This subject of energy efficiency is covered in the following paragraph.if now widely accepted
that optical technologies and engineering have a key role to play with this respect.

First, the routing function at the (electronic) layer3 level is known as an energy consuming
network function of the infrastructure, simply becawse it is the most flexible and processing
intensive layer. In the frame of high traffic, studies have shown that it is less efficient to process
all packets in all nodes. In effect, it is estimated that 80% of traffic entering a node is a pass
through traffic, with a destination located in another node. It is then particularly efficient to keep
that part of the traffic in the optics domain, without electronic conversion or packet processing.
This novel, not yet developed approach, requests a close relatidniig between the network
layers (0, 1, 2 and 3) and intelligent cooperating management, control and data planes.
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Figure 12: Intelligent cross-layer control and management for energy efficient network
functions

Second, opticaltechnologies could be envisaged to perform limited and optimized series of
network operations, at a packet level, or more reasonably at a burst level. These operations
could be realised at the layer 1 or 2 levels, without the ambition to replace the router
technology, but more pragmatically to process large entities that would be more and more
abundant in the frame of video services.

These two approaches, crostayer cooperation and optical burst, request a strong research and
design activity to really and actually focus on energy efficiency and energy consumption
reduction.

3.1.1.3. Energy Efficiency

Since economic growth boosts the demand for energy, efficiency in the most eneigiensive
sectors’ is a mustin order to maintain competitiveness on global marketsand to minimize
adverse impact on people and the environment. EU leaders have pleaded in favor of an

9 Buildings ~40 %, transport ~30% and industry ~30%.
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integrated climate and energy policy by setting the welknown 20/ 20/ 20 targets'®, in whose
achievement ICT will play a big role

YT O AAUGS O bed widelg Gsedih @l faspects of life and transforming the way that
people live and work, the contribution of Information and Communication Technology in energy
efficiency and responsible growthis twofold, both as an instrument and as a subject.

As an instrument, ICT can be sed for obtaining optimization of energy consumption in
communication systems,thus stimulating new sustainable habits, uses and servicesefnote
collaboration, elearning, eshopping,e-administration, e-healthcare, teleworking, etc.) that will
AA OEA EAU O EiIi DOl OA DPAT PI A6O NOAI EOU 1T £ 1 EE
regarding such instruments and services are addressed in the proper sections of thisgcument
ICTitself should besubjectto an optimization processsince itsintrinsic energy demand is rising:
figure 10 shows the distribution of CQ emissionscaused bylCT".

Figure 13: Estimated distribution of global CQ emissions attributed to ICTs.

Currently the ICT sector generatesn estimated 2% of global COemissions However,by year
2020, it is expected thatapproximately 4% of world energy consumption will be due to ICT
activities (based ona 6% increase in consumer demand each year).

In telecommunications networks, whichaccount for 0.5% of global C©Qemissions and 24% of
the emissions attributed to ICTs, some key imprmements are neededin order to get better
energy efficiency.

Improvements in broadband equipment for both fixed and mobile networks

It is worth mentioning that approximately 90% of the power consumption ofmobile networks
are produced by its own infrastructure on the network side pase stations and the switching

centers), while the remaining 10%are CAT AOAOAA AU OEA OOAOAOEAAOOGS
phones, 3G modems, etc.). Thenain initiatives to reduce the power needs are therefore

10 The European Council of® March 2007 set the combined targets of (i) reducing greenhouse gas emissions by 20% by 2020 (compared to
1990), (ii) increasing to 20 % the share of renewable energy sources bycd@gtared to the present 6,5%) and (iii) saving 20 % of the
EUb6s energy consumption (compared to projections for 2020).

11 This analysis does not include radio broadcasters or devices for television viewing (from Gartner Research Paper N&2)5001503
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