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Abstract

Future Internet will have to cope with yet unknown termireatsl services (even
users), in a number and heterogeneity never seen befor@edbility or adapt-
ability will be considered as one of the most important degignciples. This flex-
ibility will demand different kinds ofwareness both in the ends and in every node
in the service supplying chain, while targeting users’ssatition as the final goal
of any management process. Although virtualization an@righing is a service"
approaches seem to be promising foundations to guararigefiettibility, Future
Internet will be built upon real world mobile wireless netlkdechnologies, so that
cross-layers issues and quality constraints will perQuality of Experience (QoE)
could play a significant role there, since it could provideuaified metric, isolating
users from low level details or complex NQoS definitions. Wk a&lso show an
example of how user-aware network tuning mechanisms aeg@lpirovide similar
users’ QoE with lower resources consumption and therefaopgse that QoE and
*-awareness were considered in the Future Internet desigmthe very beginning.
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Introduction

During the past years researchers have shifted the focireateployment and growth of
the Internet, from an initial technology-driven approatlatuser needs-driven one. This
user-centered approach has resulted in several propased at bringingawareness to
the network beyond the bit-pipe service-neutral networagigm.

This awareness reflected the need for future networéapable of coping not only
with technological challenges related to performance, bualso with users’ prefer-
ences, location or contextThese networks will be built upon different access tecbnol
gies and would deal both with network performance issuesjcgespecific constraints
and even characteristics of the content (such as its typendént, codec, or the dynamics
of the information represented).

These multiple needs lead to different research topicshidnag been widely studied
in latest years:
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QoS-aware networks (including *-constrained routing pcots, traffic differen-
tiation and TE schemes, QoS brokers...)

e Ambient networks

e Location based services (including multihoming aspeotstion based CDNSs...)
e Self -managed, -learning, -organizing networks, techgiels radio interfaces...
e Content-aware networks
e Network-aware content and services

Most of the management schemes proposed in these diffesentantered research
areas usually share a common target: all management etiaie devoted to guarantee-
ing quality. Since these proposals usually focus on a single technateggyaged perfor-
mance issues (i.e. Key Performance Indicators -KPIs-)eat@ntology dependent. How-
ever, at the end, actual user satisfactioi@Qaality of Experience (QoE) will depend on
several factor related not only to these “simple” networKqgrenance issues but also to
more complex non-technical ones, such as content chastitterusers expectations and
their particular context. Future networks should consiger satisfaction as the final end
and, therefore, should be able to handle every single paeaineall aforementioned do-
mains (content, network performance, services, useremmeces...) that has an impact
on this satisfaction.

On the other hand, quite surprisingly, network infrastnuetseems to be no longer
a constraint for e2e services. In fact, its structure, idiclg network nodes and links,
has already begun to dissolve into thewerything is a service" paradigm by means of
virtualization . These virtualization proposals somehow admititfeapability of a sin-
gle protocol suite or network architecture to cope with the geat variety of different
services and users requirementsSo, instead of trying to provide a good solution for
all, virtualization aims at providing “users” with the mesfior building the network that
best fulfills their particular requirements.

Nevertheless, although virtualization seems to be a piomfsundation for future
networks, at the end there will be a real (certainly mobild areless) transmission
technology behind all virtual networks. Then, even withtwadized links and network
nodes, cross-layer issues will appear and demand richenanelaccurate definitions of
network behavior, far beyond traditional simple NQoS paetars (i.e. capacity, delay,
jitter, losses), and more closely related to specific aspafdhe services to be deployed
(see [1] and [2] for examples of other type of definitions).

Future Internet will have to handle all these new servicaiiregnents, so that flex-
ibility or adaptability should be considered as the firstigleprinciple. This flexibility
will demanddifferent kinds of awareness both in the ends of the communication and
in every node in the service supplying chain with users’ QoE sithe final objective

The rest of the document is organized as follows: In Sectictoday’s initiatives
around includingawareness in networking technologies will be analysed. In Section 2,
we will examine two important drawbacks of current propssaned at developing more
intelligent networks, namely technology dependence andsclayer issues. Then, the
role of Quality of Experience (QoE) management will be diésat. The case study of
VoIP over> 3G accesses will therefore show in Section 3 the importancentlliing
QoE. This analysis will motivate the conclusions in Sectigrthat will state the need
for considering content and service characteristics,ttagevith user preferences in the
design and operation of the core of a QoE-aware Future letern



1. Awarenessin Today’s Internet

Following the maxim “those who cannot remember the past anelemned to repeat
it" we have analysed prior research proposals while tryingraw a coherent picture of
network related roadmaps and different visiongwéreness in Today’s Internet.

We have carried out an intensive survey of EC funded resgamjlcts in Europe
over the past 10 years. This roadmap should not be seen agpasptdoward non-
disruptive design principles for the Future Internet (& tlean-slate approach that is
gathering momentum among the research community). Insteadust have tried to
identify unsolved research hot topics that have been faégddnewadays technologies
but that will still determine the design of the Future IntettriNeither it was an exhaustive
statistical exercise, but an attempt to figure out the biglmnabehindwareness.

In the introduction of this document we identified 6 differaneas of the so called
awareness. Based on these 6 different research areas we have selectethasified 66
research projects that covered one or more of these areh#) siliccessive Framework
Programs (from FP4 to FP7, in IST/ICT areas). The basic métion of these projects
is publicly available using the search tools in the EC CORD&Bsite [3].

The first result of our analysis was that funding associaieettly to some kind
of awareness-related topic has been increased drampativait the past years (see Fig-
ure 1), showing the growing interest on research areasettlat bringing awareness
to the network. Besides, in our survey we have only consiérese projects that ex-
plicitly addressed these topics in their summarized desari (and/or keywords). So,
there would be many other networking projects that, altiolegused on different re-
search topics, considered also awareness as a secongatytéhin Integrated Projects
or Networks of Excellence. We should also notice here tladissics for year 2008 and
later show a decrease because they do not take into accdure {Calls and proposals
currently under evaluation.

The growth is not equal in all the research areas (see Figusin2e some of them
have appeared recently and some others have been surrdunberhwords that have
changed over the years (while the main concept has remaioeel on less the same).
In fact, since these 6 different research areas are ink@ieds the overall contribution in
Figure 1 provides a clearer view of time evolutionawfarenessin Today’s Internet.

An inspection of the results and proposals within analysegepts lead to some
well know issues:

e QoS-aware proposalqjuite often use some kind of QoS brokering systems on
top of traditional network management protocols and resouaranagers (see for
example [4] for DAIDALOS QoS architecture). Most of thesdiatives claim
that complex QoS request mechanisms are usually not stiaddr As a result,
nowadays there seems to be no working global scale NQoS reareay frame-
work. We could point out different reasons to explain thisklaf success, such
as the traditional scalability issues of QoS managememgsssor that different
connectivity providers take part along the service provigath (so, administra-
tive or business model issues rather than technical onbs)n&ed for per flow
marking and scheduling lead also to well-known performammoblems while, at
the end, handled NQoS parameters do not ensure that final Qafatisfy users’
needs. So, thquality of the content delivered to users due to network transmis-
sion effects would be still an open issue.
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RegardingAmbient Networks, associated projects introduce research challenges
regarding intelligent handover between very differenteasctechnologies based
in different criteria (such as signal strength, coverageminal type, user prefer-
ences,... -see for instance [5]-) while providing seamtessiectivity. Once more,
the actual situation is that there has been no standardinbdlgscale deploy-
ment of such kind of solutions and that, most of them, are lggephnology de-
pendent (i.e. handover between all possible combinatidifighrent radio access
technologies).

Location based servicesre generally focused on two different planes: on one
hand, location awareness as an input for the logic behindt@®td services
(such as the service that suggest you the best restauraestto your location).
On the other, as a support tool for some routing/handovasidecmechanism
(i.e. as in location based mobility management -i.e. sedd6WINNER IST
project results-). However most protocols’ inner struetdoes not provide fields
or mechanisms to include any location information yet.

Self managed/organized systemaddress a large variety of different research
fields, from MANETS to sensors networks or cognitive radidse use of differ-
ent kind of algorithm, such as simulated annealing, gerédiorithms, bayesian
reasoning or neural networks, in this type of proposals aineptimizing general
network performance parameters in an automated way (sgeSéff-managed
systems are a rather new and promising research field tttradugh still not too
mature, will definitively play a significant role in the desigf the Future Internet.
Content-aware networkstry to behave according to the specific content deliv-
ered (including the content itself, used codec, packétimascheme, transport
protocol, etc...). In order to do so, some kind of sourcemgdor intelligent edge
marking) is needed in order to allow an efficient handling afitimedia flows
throughout the different networks nodes. So, some comnmamedworks to de-
fine content characteristics have been defined (i.e. MPEGEGR1 Digital Item
Adaptation, or specific ones such as those in [8,9]). Howtheispecific treat-
ment applied to each flow is usually based on particular tffeteach technol-
ogy into end to end transmission (i.e. interaction betwead®¢alls and low level
UMTS RLC procedures to be seen in Section 3).
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Figure 2. Budget evolution obwareness related projects

e Finally the termNetwork-aware contentis used with those multimedia services
(or more precisely codecs) that adapt their behavior acegitd particular net-
work conditions. A higher content quality increases the QoEer perfect net-
work conditions, but requires more QoS resources. Thus) medwvork impair-
ments, a lower target content quality may result on betterice experience.
This concept is currently being introduced into multimeskavices. The Adap-
tive Multi-Rate (AMR) codec, standardized by the 3GPP in8,9&plemented
eight codec modes at different data rates and, consequdifithrent initial lis-
tening quality. Under network degradations, VoIP servigesable to decrease
the target bitrate in real-time to cope with the new QoS cairgis and enhance
usersS experience. A similar approach is being adoptedebjpiht Video Team
(JVT) for networked video services. The Scalable Video @gd5VC) extension
endows the H.264/MPEG-4 AVC video compression standarad thi capability
to divide a video flow in a set of substreams, each of them gdiogidifferent es-
timated QOE levels, and with the particular property thatrérception of different
substreams may contribute to the content quality addytiisele for example [10],
that shows results from DANAE IST project).

2. Technology dependence, cross layer issues and the role3dE

In previous Section we have reviewed the outputs of seve&8l projects and identified
troubles to be still faced. As an overall conclusion, curtémdependent layers"-based
structure of Internet protocols and their technologigaly@pproach make it difficult to
provide users with the different service characteristieytdemand. So there are several
common aspects related to technology dependence andlayessssues that will have
to be considered in the design of the Future Internet.

First, there’s no doubt that seamless mobile connectiviliybe built upon several
different access technologies. With Today’s technologegnewith full IP access net-
works, some patches must be used in order to solve handogtvedn each pair of



technologies, both from the mobile terminal’'s and intenweking technologies’ point
of view (regardless many efforts of IETF, 3GPP, ITU or UMArsfardization initia-
tives). Most of needs faawarenessrelated to handovers are the result of a tight coupling
between content delivery capabilities and network coirgsa

Similarly, different other alternatives try to adapt carite® actual network capabili-
ties by recoding and/or protocol adaptation. In any of thieses researchers have to deal
with a lot of low level interactions between different lagewhich result on poor e2e
performance even when typical averaged NQoS parametessimlayer are apparently
above acceptable thresholds.

Therefore, Future Internet will have to provide mechanismsnsure that required
complexquality demands are satisfied. This complexity is usually specifiwd oy dif-
ferent metrics, associated with the low level parametetténunderlying technology.
Since the objective of any network is providing users withltrmedia content with
enough quality for them to be satisfied, QoE could be used asbsingle metric asso-
ciated to the specific service and technology independeneXample, most users have
already identified some multimedia formats as “enough gfalExcept from advanced
users, few of them bother about MP3 codec rate or DIVX/mpegdeing scheme, fram-
erate of number of processing steps (if you can burn it intdatG@s “good”). So, they
have assimilated that nearly any MP3 or divx film fulfills theiquirements. At the same
time, clock speed has suddenly disappeared from micropsocg names and advertise-
ments, replaced by other performance benchmé&lsire Internet should be able to
provide this kind of confidence to users. They should be prodied with multimedia
contents with the QoS required for them to be fully satisfied regardless all the low
level technical details that the network intelligence \Wwilve to deal with.

In order to do so, a lot of research has been focused on praposiss-layer adap-
tation techniques for the latest audio and video encodiagdstrds. The overall aim of
all the cross-layer adaptation concept is to provide QoSmoity across different layers
of the delivery chair. More specifically, the research ies¢has been focused on the im-
pact of each layer involved in the provision process (i.evi8e, Application and Net-
work Layer) on the perceptual quality level of the finally ideted service by defining
and correlating the variowgiality-related metrics of each layer. Regarding the mapping
between the various discregaality layer (i.e. QOE/ApQOE/NQ0S), Table 1 provides an
example of the representative metrics of each level, whiitlhoe used in the mapping
process, for Video delivery systems:

At the Service layerthe critical metric is the user satisfaction. The QoE evalua
tion will give service providers and network operators thgability to minimize stor-
age and network resources by allocating only those ressmeeded to preserve a spe-
cific level of user satisfaction. At th&pplication layer, given that during the encod-
ing/compression process of the initial content the quadiyegraded by the appearance
of specific artifacts, the values of the Application QoE (Af) parameters (i.e. bit
rate, resolution) determine the finally achieved QoE. Tthesyarious encoding param-
eters must be considered as significant metrics of the atigliclayer, since they have
a straightforward impact on the deduced QOoE level. If addél transmission problems
are considered due to limited available bandwidth, netvemkgestion etc... they will
be also should be also considered as metrics at the ApQoE kstythe Network layer
NQOoS related metrics (i.e. Packet Loss Ratio, Packet Ldssnse and Packetization



scheme) are used in an objective aspect, trying to detetenin@ impact of all low level
interactions into final e2e NQoS achieved.

Service QoS Level Application QoS Level Network QoS Level
User Satisfaction Decodable Frame Rate  Packet Loss Ratio
QOE level Decoding Threshold Packet Loss Scheme
Terminal Specifications  Encoding Parameters Packet Size

Table 1.: Example of metrics at different layers for video

Similarly, in VoIP communications, the QoE is mainly deté@red by the following
characteristics:

e Session establishment delayn mobile data networks, the most relevant delays
to be taken into account are the radio bearer set-up timetengdrformance of
the session signalling protocol.

e Interactivity . The feeling of interactivity in conversational servicesietermined
by the round-trip delay at user level. If this time increasesr a threshold, both
users could not coordinate when to speak or to remain lisgeni

e Listening quality. The primary factor determining the listening quality leise
the fact that words are understandable. Otherwise, theopampf the communica-
tion would not be fulfilled. The quality of received voice i@amly determined by
the digitalization and codification processes, and theiplesl®ss of voice frames
in the transmission.

Regardless the type of service considered, in order to geptie-driven network
performance management systems we will have to evaluateethéonships between
technical and user perceptions dimensions, which arelgfétcted by the service con-
ditions. For example, the content codification method hasatgmpact on quality per-
ception results, since different codecs show differentieesy to frame losses. Addi-
tionally, the user device type and configuration is also teadresidered. The same net-
work performance values could result on different QoE Iedelpending e.g. on the de-
vice buffering capacity, the screen resolution or the pseirey capacity. HoweveQoE
related considerations have been mostly incorporated int@oS management sys-
tems as upper thresholds for every individual performance retric leading to an over-
provisioning of resources for some users and under-pawiisg for others.

In addition to a better resource planning, the user- and Qu&reness is a critical
factor in the Future Internet for overcoming possible netwiegradation states. The
reaction to network degradations performed by the currea® @anagement model is
based on the set of pre-established actions for the affetésd of service regardless
special characteristics of each flow. Yet, a QoE-driven Qa®agement mechanism
would try to maximize the general QoE level by taking into sideration specific content
characteristics, such as the specific codec and FEC chasticteor loss patterns, in a
specialized way.

As a result, the Future Internet will not only benefit of a Qdfiren management in
terms of a higher capacity, but will be able to mitigate tHfes of network impairments
in a more optimal way.



W Background Buffer=B0ms:
B Convarsstional

a4 Profs [== walus] of Voice Application MOS alus

1

08+

08

a7

08

0.5+

04

03

0z

0.1+

o T T T T T
28 3 a2 34 3.6 3.8 4

Figure 3. VoIP MOS CDF for Conversational and Background UMTS QoSsdas
3. Case Study: VoIP and> 3G data access

The evolution of radio access technologies makes us think &aoture Internet with
plenty of itinerant users launching resource-greedy méltlia-enabled services. Thus,
besides the performance variability inherent to the radingmission technologies, one
of the hot topics is how currently proposed access and batkleavorks will cope with
the resulting volume of variable data rates.

The expected evolution of users and services in the Future larnet requires
a more specialized and personalized QoS management, based keeping the ac-
curate QoE levels On one hand, the perceptual schemes of mobile users arbaot t
same to the traditional fixed-access case, resulting oerdiit tolerance thresholds. On
the other, Internet access through radio technologiesasrbmg more and more usual
even for non-mobile users. Thuke user-awareness can not be performed just based
on the connectivity, but also the location and other contextal factors have to be
considered.

As cited previously, the current resource management nimaedd on aggregating
traffic flows of similar QoS requirements into classes of m&winvolves several defi-
ciencies. For example, the QoS model proposed by the 3GBRmreends that VoIP ser-
vices should be treated as Conversational class, assbttateset of maximum values
for different network metrics.

Then, the transmission delay for the UMTS Bearer Service@daversational class
is recommended to be kept below 100ms. Following the E-mfidd| up to 100ms
of one-way delay can be considered negligible for the caatean quality, while an
increase from 100ms to 200ms corresponds to a perceptueddigpn of 0.1 in the
MOS scale. Therefore, it shall be individually considerethie increase in resource
consumption is in correspondence to users’ service expezie

The general trend is to consider that currently deployed SMiEtworks, mainly
based on the Background class, are not sufficient for an atecprovisioning of conver-
sational services, due to the variable delays. Howevegldeiservice and device config-
uration can do the best out of this type of networks, allowisgrs to reach similar QoE
levels to the QoS-enabled solution based on live networksorements. Even more,
under certain conditions, it could be preferable to proddaobile VoIP service based
on Background class. Not only the economical perspectia# sk considered, that will
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lead to a user-awareness, but also the power consumptiorbis taken into account,
introducing the device-awareness.

In order to evaluate how low level QoS affect end users QoE ave ltarried out
several simulations with 2 scenarios. The first one usesd@ackd UMTS QoS class
that should lead to poorer QoE in comparison to the secondtmateuses Conversa-
tional UMTS QoS class (and therefore, with guaranteedteitamd BLER targets). In
our Background class scenario, we have tried to achieveabisQE possible by tuning
VoIP service parameters (such as AMR codec type, packietizatheme and dejitter-
ing buffer size and mechanisms) according to UMTS low lexsebmeters (i.e. ARQ
schemes in AM RLC mode, length of TTI) and delays and losségfferent parts along
the service provision path (including delays due to dejittgbuffer and error recoveries
in AM mode).

Figure 3 shows the estimated Mean Opinion Score (MOS) atuptd the e-model
in two simulations considered. With our accurate combinetivork and service con-
figuration, the experienced quality levels are found sinnce the Cumulative Den-
sity Function shows similar probabilities of high MOS vadu@round 3.5 out of 5-) .
However, as seen in Figure 4 the same target Eb/No ratioudtireson a greater trans-
mission power on the mobile handset for the Conversatidaascwhich could be worse
for the general QoE perception (since battery will run outrs®) and result in worse
cell efficiency for the network operator.

As a result, we can see hoan efficient management of low level network pa-
rameters focused on enhancing QOE can result in more efficiemetwork opera-
tion and management So, user would getbetter” services with equivalent (or even
lower) network resources consumptionwith this kind of QoE-aware management
mechanism that take into account both technology, servicera users constraints

4. Conclusions

In this work we have analysed the role of QoE-targetedreness in the design of the
Future Internet.

By carrying out an intensive analysis of R&D projects durthg last 10 years in
Europe we have identified 6 different research areas arawackness with open issues
in Today’s Internet. In order to face associated challemgest of the proposals have
aimed at bringing some kind afvareness to the network. However, since associated in-



telligence has not been incorporated in the design of Tedaternet from the beginning,
proposed “patches” generally lack of global scale adoption

Furthermore, even when virtualization seems to be a progigpproach in order
to define a flexible Future Internet, cross-layer and teadmobependence problems
still arise since, after all, future networks will be buifpan real mobile wireless access
networks. Far beyond typical technical only NQoS demansista) satisfaction should
be addressed as the final target for any network managemeamiem. In order to
do so, Quality of Experience (QoE) could be used as the finddicria order to guide
the design process of Future Internet while isolating usera all low level details and
complex NQoOS metrics.

We have shown the relevance of our QoE approach by analysingsults of a com-
parison between VoIP services over different UMTS accemsdsiow carefully selected
low level parameters could lead to equivalent users’ Qoh lwitver resources consump-
tion. So, in both simulated cases users’ will not notice aiffgince and network will
cope with its responsibility of providing users with highgsality.

Finally, Future Internet should be designed by incorpagathechanisms to provide
service-, user-, content-, terminal- and network- awapabdities targeted at guarantee-
ing users’ QoE in a flexible and service-dependent way, be:yoe bit pipe approach.
This will demand not only more intelligence in network nothes also content and user
preferences describing languages and world scale NQoSgamant schemes (includ-
ing QoE-aware, service dependent and cross-layer requestanisms and evolutioned
inter-provider SLAS).
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