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A. Introduction

There is no doubt that Internet is a key pillartiod society today and tomorrow, providing an easg a
worldwide access to knowledge, entertainments greh @ommunications, as well as a fertile compost fo
innovation and growth for the Information and Conmications Technology market. Internet represents a
complex interconnection of network operators, seryroviders and users, and the basic Interneicsene.
the reachability, is not sufficient anymore: indetierconnection rules need to be more flexibledpe with
the divergent interests of the various stakeholders

To meet users’ expectations, investments are redjiir new network infrastructures and/or technasgb
enhance the end-to-end Quality of Experience (QdaE3putes amongst stakeholders (between Network
Service providers -NSPs, or between NSPs and CoatehApplication Providers —CAPs) on who has tp pa
for such investments arise. To not endanger thdestgperation of the Internet, it is mandatorydthink how
global ICT revenues and costs are shared amongattaks of the value chain: the ones who crelage t
services, the ones who transport the traffic, thesovho build equipment, and finally end-users wiwasume
the services. There is no reason to question tkargss, low entry barrier and universality properof the
current Internet. However, the current best effiatia transport model does not provide enough inanfor
users and CAPs to pay attention to the way thegwoe network infrastructure resources. The ETI@fept
was created to investigate complementary techrsighitions and business models. It will not repléoe
Internet rules, but will allow the development giphications and services with more stringent rezjints,
while ensuring a fairer distribution of generatedemues amongst participating actors.

This paper summarizes main results and impacth©y@FP7 ETICS (Economics and Technologies for
Inter-Carrier Services) project. Section B first recalls the motivations and objexs of the project, while
section C presents the project results in termbgudiness models, technical architecture, and fiisib
demonstration. Section D concludes highlighting whde dissemination towards various stakeholdes an
decision makers to influence future networks amdftiture of Internet.

B. Motivations and objectives

Recognizing above the benefits of the Internet on society, we also challenged its revenue sharing
mechanisms amongst involved actors. Hereafter,une @ current limitations, briefly explain why cent
solutions may not be sufficient, and introducerttan objectives of the ETICS project.

a. An observation of the current I nternet

The increasing activities on the Internet led tmeanendous traffic increase over the last decadesupport
such evolution, network equipment vendors and NB®& innovated and deployed new technologies in
every network segment (mobile & fixed access, aggien/metropolitan networks, and core networks) to
progressively increase the bandwidth offered tayeedizens and service providers. Such evolutiaese
made possible in a healthy competing market whieeeincreasing number of users and revenues from
classical telecom services allowed funding new agpknts with a certain network over-provisioning to
maintain the end-to-end Quality of Service (QoS)thvd stagnating number of users and a transfoomant
Telecommunication networks into converged IP infltagures, despite technological progresses deogeas
the cost to transport bits, investments in new pagtvinfrastructures slowed down due to uncertaintie the
return on investments for NSPs.

Internet is composed of interconnected network desngAutonomous Systems, ASes) managed by different
NSPs, and governed by traditional peering (monegfiand transit (paid) interconnection agreeméitis.
huge decrease of transit prices over the last @efHdcombined with the increasing traffic have atesl
tensions between interconnecting parties, due sinbss threats in the form of backbone free riding
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business stealing situations. In addition, the iol@y basic reachability service is independenhefriature of
the traffic and lacks Quality of Service (QoS) pedjes. Hence, it is not possible to convey thatied
importance or value of the IP packet when tranggoover the Internet. This reduces incentives veshin
network infrastructure such as interconnectiondirBisputes have been emerging between NSPs, we&et
NSPs and CAPs, resulting in a degradation of tmeicse for end-customers, thus demonstrating that th
current Internet funding and management rules naage lneached their limit.

b. Why existing solutions may not be sufficient

As inter-domain routing is service-agnostic, the-g@@main network effort to provide quality is hiddand
not rewarded (nor punished). Thus, inter-domainvogt quality is uncertain, undermining the market
potential of incentive-compatible and efficient ragament of off-net traffic flows on top of the Imet
infrastructure. Content Delivery Networks (CDN) ypplartially address inefficiencies of the curremtelnet
for a fraction of services. Furthermore, over-psiing has ceased to be a sustainable optionlanger parts
of the network (e.g. peering links). This resulisunmet market needs for a) End-userswho both lack
choice for differentiated service quality levelsiaxperience unpredictable performanzeNSPsthat cannot
differentiate their product offerings and suffeorfr continuous erosion of their profit margins isaurated
market; c)CAPs, which have to limit their product offerings duethe lack of true end-to-end guarantees.

c. ETICS objectives

Observing these current inefficiencies, the ETIC§qzt took as a fundamental assumption that Quafit
Service and business models for assured qualigyaonnection could be the gear of a sustainablsystem
with fairer revenue sharing for all actors partiipg in the delivery of an end-to-end value-addediice.
Indeed, QoS creates both the business and techomabrtunities to better manage future network
infrastructures. The ETICS project therefore haddimajor objectives:

* Propose new business models based on QoS prodinzreges amongst NSPs,

« Design and specify an architecture allowing Qo®rounnection, taking into account heterogeneous

technologies used by NSPs in their domains,
« Demonstrate the feasibility of the system on adeascale interconnected test bed.

C. ETICS main results
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Figure 1: ETICS portal to sell and manage ASQ Figure 2: Inter-carrier ASQ path establishments (traffic aggregates)
path to customers enhanced with QoS-enabled end-users’ services

In this section, we present ETICS results with eesfo these major objectives according to theofalhg
vision: as a solution to the aforementioned prokleNiSPs collaborate to offer end-to-easbured service
quality (ASQ) paths, and accordingly, exchange information ossiixte ASQ paths each NSP can provide
(Fig. 1 and 2). Thus, customers can request an p&®Q to deliver aggregated traffic with QoS coristga
(availability, delay, packet loss rate, etc.) outiog constraints (to maintain traffic in a geodrigal region,
avoid certain countries, etc.). The customer caarbBISP, a CAP, or an Enterprise. Figure 2 alswshao
main service categorie8SQ Paths, for services at the aggregate network resounad, landEnd-user ASQ
connectivity, for retail sessions at the end-customer demand cale. ASQs paths can be between two
physical points of interconnects (Pol, between N&Ps or between an NSP and an enterprise), thosnigpr
anASQ tunnel, or from a Pol to an open set of destination eoidtp called aegion (e.g. a geographical area
and/or a group of business customers or mobileomest end-points), which is Rol 2Region (termination)
service.
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a. Businessmodels and charging principles

Through a market quantification for different typsservices (multimedia communication, off-netmiem
content delivery, VPNSs, etc.), ETICS has demonstf@inssible economical benefits in the use of A8
and has analyzed the related possible socioecontegal and regulatory impacts.

In particular, to provide more incentives for NSBsnvest in network infrastructure and for CAPaus® the
bandwidth efficiently, ETICS investigated revenuedals ~_point{)of Interconnect _

based on the principle thdte Sending Party Network Pays ‘ "\ .
(SPNP) for traffic at the interconnection point. Undelisth ‘ B o A .

principle (Fig. 3), while carrier B sends the tiaffo Carrier ‘ | Money
A, it also financially compensates carrier A foetlP packet . .
transport. Thus, the receiver of the traffic is oeed for Source network(s) Destination network(s

delivering the traffic to the destination, with tlmequested| Figure 3: The Sending Party Network Pays principle
level of QoS. Indeed, the sender best knows wtiepdckets
shall be sent with premium quality.

However, SPNP does not address all the issuesnlalg the Internet and should simply be considased
baseline element contributing to enhance the estegy As examples, the following charging modelslato
be used as an extension or on top of SPNP forduntprovements:

« At the wholesale level, thBestination-based principle would allow a receiver carrier to charge
different destination regions within and also beydns network independently, reflecting costs to
transport traffic in different areas, or takingardccount the Pol from where the traffic enters his
network. This differentiated pricing model takestdnce-related costs into account as opposed to the
current practice.

e At the retail level, thdnitiating Party Network Pays on top of SPNP may solve the problem of
distributing the total value received by the endriss value of content and services. Under this
charging principle the initiating party network g¢amed to contain the end-customer) is paying for
return traffic from a specific end-point in additito SPNP charges. Typically, the agreement between
two carriers will include a method to exchange IRMRge data over all such end-customer cases, and
a settlement process where the net effect is ciage billed.

b. Technical solutions

The ETICS core system aims at describing how N3sexchange information to build such end-to-end
ASQ paths, with various modes of collaboration agsvrihem. It relies on the introduction ofNetwork
Service and Business Plane (NSBRN top of the classical Control, Management anth[péanes of each
NSP, which allows maintaining confidentiality on RS infrastructures. At this level, only ASQ path
connectivity services (with QoS attributes) arerexwged between NSPs (step 1 in Figil®se services can
be either pre-defined in advance supposing a good knowledge of the network stans of customer
demands,or created on-demand to best fit with a specific customer demand. Tdisl approach is
described in the core system architecture agtise andpulls options: pre-built offers are “pushed” into a
catalogue and are composed with other NSPs’ offbien receiving a request for an edge-to-edge ASR pa
On the contrary, if NSPs exchange only “networkatdlities”, i.e. rough QoS information per doman t
allow for a first selection of the NSP chain, psecoffers will be built on-demand (“pulled”) basad an up-
to-date network view.

The other important dimension is to whom the infation of each NSP is sent, i.e. how the NSBP estibif
the figure 2 are implemented. For each mode ofbolation, multiple scenarios have been envisagjdtbr
exchanging information only with neighbouring NSPs(bilaterally, possibly in cascadeyith all others
NSPs of the community or with a neutral third party acting as a facilitator for the whole community.
These models have pros and cons, from the busamestechnical viewpoints, which are described inE
deliverables. An important point is that each idadlle and adapted to a given context and phat®ei@QoS
interconnection market roadmap proposed by the project. Currently, a QoS interestion market is
immature: NSPs cannot precisely estimate QoS desnbefibre the market is kicked off with first protkjc
and, customers would not know precisely what they lauying, an issue related to the so-called “lemon
market” theory [2]. To progressively increase thest amongst actors, recommended options are suradar
in figure 4, but these models can also live in bgraccording to business interests and trust amd&Ps.
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« Bilateral ASQ path creation: in the short term, aopen-association type of community, with limited
trust amongst participants, is expected. Offerstvélrough, essentially built manually and exchange
exclusively with neighbouring NSPs, which have themgree on generic forwarding principles (e.g.
simple DiffServ forwarding) and with only bilaterabmmercial discussions. In order to bootstrap
ASQ services into the market, the primary deploymesuld happen with simple bilateral agreements
addressing the traffic to/from the two NSPs’ owrstomers. Later on, each “offer” received by an
NSP can be bundled with the NSP’ own resources'rasdld” to its upstream NSPs, thus allowing to
cascade the ASQ traffic for an enlarged reach d@A8rvices (Figure 4.a).

e Distributed on-demand ASQ path creation (distributed pull): With increased trust, a sub-set of
the NSPs can agree to share more technical infamair “network capabilities”, and forms a more
integrated community, fiederation. With distribution of aggregated QoS informatianangst NSPs,
more precise offers can be provided dynamicallgetevant NSPs, to build more adapted end-to-end
services for their customers (Figure 4.b).

e Per-NSP ASQ path creation (per-NSP centralized pughFinally, in a more mature market, the
federation could evolve into a businetlance, where NSPs agree to share more information within
deeper commercial agreements. Offers are buildiamce by each NSP, which then pushes their
offers into other NSPs’ catalogues, so that theygrackly compose end-to-end services (Figure 4.c).
The alliance represents a “coopetition” model veittrade-off between competition when NSPs push
competing offers in order to be selected by oth8PBland cooperation when they are sharing more
information to increase the alliance revenues (amdturn, their own revenues).
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Figure 4: Roadmap of the ETICS architecture deploymehmodes: a) bilateral ASQ path creation, b) Distrituted on-demand
(pull) ASQ path creation and c) per-NSP ASQ path azation (push)

Once the offer for a service is accepted by théoousr, the service is materialized in each domlaiiaugh

the provisioning of network resources for the AS&hp Once established, an ASQ path is monitored, to
check that QoS metrics are respected, and terndinvetten it reaches its time limit or on the demahthe
customer.

As mentioned earlier, once ASQ paths are in plidtejmportant for both the NSPs and the CAPsaodlate
the ASQ quality propertiesto tangible premium or differentiated services fesidential, mobile, and
business end-users. From the ETICS framework pafinew it is not possible to describe all imagiteab
services and business models that possibly wouldiéseloped in the future. Due to this, ETICS has
introduced in addition to the ETICS core system $eevice Enhancement Functions Area (SEFA) for the
management and support of end-user ASQ connecgeityices. SEFA provides the space for developing
new and actor specific services and functionalityap of ASQ path services (e.g. added value sesyithat
complements the ETICS core system architectur@gsteto 9 on figure 2). Examples of SEFA use cases
could be application service related QoS/QoE maimi¢oenabling quality indication feedback to usess,
derivation of context information to enhance apglen service quality delivery to customers in comtion
with application service control functionalitiesdemedia adaptation). Moreover, such functioresditcould
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be related to policy and accounting entities ineortb enable charging principles and/or businesdetso
SEFA features could be added on top of the ASQ sgséem, and therefore could apply at any stefpef t
aforementioned roadmap, starting with simpler fesg@t short term.

In addition, optimizations for Inter-Carrier VPNrgees on top of ASQ paths have been studied ieroial
provide QoS-enabled services to business custofBredling inter-domain VPN services opens the veay f
new types of services going beyond the mere ligfitsaditional private, QoS enabled networking,. énga
cloud service domain targeting the provision oluasg quality, secure access to remotely locatetiqpdata
centres. Finally, enhanced Congestion ExposureEofeatures have been proposed and implemented as
end-to-end control mechanism, e.g. when severakus®are a link to a common destination with vagyin
capacity demands like in a video-on-demand use. €seEx in ETICS thus complements the ETICS core
system architecture with the ability to police azipasharing on shared ASQ paths according to énreice
provider’s policies.

c. Prototyping

To demonstrate the features of the ETICS core systest building blocks and protocols have been
implemented in an interconnected lab-environmemnpliving multiple partners. The control and datangls

in the test bed are representative of a multi-velrcarrier environment, validating the NSBP concdpt
particular, both centralized push and distributedl models have been implemented relying as much as
possible on stable and mature technologies. BEh#®EQ path creation is left to commercial agreetsien
amongst NSPs, outside the scope of the ETICS pirojec

Figure 5: a) ETICS interconnected test-bed, b) REST-lsed centralized push implementation c) HTE implement#on of the
distributed pull model

* A Service Oriented Architecture framework basedtloem REST (Representational State Transfer)
paradigm for the push model, comprising local senagent and facilitators according to web service
design using HTTP methods.

» Principles of Hierarchical Traffic Engineering (HEY for the pull model: each NSP domain is
abstracted as an Autonomous System Virtual ROABWR) exposing the network capabilities of the
domain. Communications amongst ASVRs use an Inte@meway Protocol (IGP) capable to
transport TE information.

« A lightweight passive monitoring system for multrdain environments: the monitoring is focused
on preserving privacy requirements of participatitognains, and is based on a protocol (EMONIT)
reducing the bandwidth consumption and the proogssrerhead.

D. Conclusions
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Inter-domain QoS management has been a preoccugatithe last decades, but no global impact has be
reached so far. By studying existing limitationsd garoposing jointly new business models and a flexi
architecture capable to adapt to a QoS intercommestarket gaining in maturity, ETICS has set-upamtant
pillars for the future of the network interconnectiand Internet.

ETICS members widely disseminated these resultsérscientific communityraore than 50 papers have
already been published including some in prestigious conferences (INFOLALOBECOM), journals
(IEEE Communication Magazine) and workshops linkednajor conferences (Sigmetric 2012, Networking
2012, CoNEXT 2012), in the technical communigyound 20 contributions in standardization bodiesin
particular at the IETF), antb regulators (answer to the BEREC’s consultation on the Net tixdity,
promotion of results towards several national regoh bodies).

Business model proposals and technical solutions weomoted to main European carriers, throughlaegu
meetings with operational representatives, publickahops and a demonstration at the MPLS Congress
2013. Furthermore, basic concepts on inter-NSP A&f@isthe service models defined for NSP collabomati
(open association, federation, and alliance), hexoine a relevant use case in IETF- Software Driven
Network (SDN) and ETSI Network Function Virtualigat (NFV) contexts,

The concept of Sending Party Network Payspromoted by the majority of ETICS carriehgs also been
endorsed by the European Telecommunications Networ®perators (ETNO) association

At the end of the project, ETICS Network Serviceeigtors are analysing opportunities to redefinér the
peering strategies, but also how ETICS collabonagionciples could help them manage multiple doman
their own infrastructure. The possibility to contlu®oS field trials (3) has been announced by [dats
Telekom., and different product lines of equipmamd stack vendors are analyzing exploitation opaies
from ETICS technological realizations.

Eventually, and thanks to ETICS, the issues andtisols for enabling end-to-end assured serviceitgual
across actor domains are now perceived as a fundahuhallenge for future networks and the sustalitya

of the future Internet. The ETICS tool kit with i@us charging principles and technical deploymesnarios
makes us confident that "ETICS-like" solutions wiicome a reality in the coming years.
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