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Message from MMTC Chair
Dear MMTC colleagues:

Supported by our community, olEEE ComSoc Multimedia Communications Technical Commiiké®ITC) has
made signifiant accomplishments recently.

Firstly, thelnterest GrouplG) Groups have been formed successfully in the past months, and they work very well
right now In particular, severabpecial Issues, conferences, workshops have been approved, and hopefely thes
events will enhance our impact accordingly. Of course, MMTQ eantinually support any kinaf academic
events related to our topics.

Secondly, we are happy to announce that MMTC is participatinbe development process thie IEEE 1907.1
standard which is very important for our multimedia communication society. It is very welcome for MMTC
members to joirthis group and actively contribut#lore detailscan be found in the following links
http://standards.ieee.org/develop/wg/1907.1_WG.html

https://standards.ieee.org/develop/project/1907.1.html

Thirdly, a new publication, thénternationalJournal of Multimedéh Communications will bestablished soon. The
Editor in Chief, Prof. Jaime Lloret Mauri, is a member of our MMTC. The website of this journal is:
http://www.oldcitypublishing.com/journslijmc-home! It is very welcome for our members to subntliteir
excellent works to this journal.

Last but not least,would like to thank all the I1G Rairs and ceChairs for the workhatthey have already done and
will be doing for the success of MMT&nd hope thatlkof you will find the proper IG of interest to get involved in
our community!

Liang Zhou
Asia Vice-Chair, IEEE ComSoc Multimedia Communications Technical Committee
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EMERGING TOPICS: SPECIAL ISSUE ON CONTENT DISTRIBUTION OVE R SDN
AND NFV ARCHITECTURES

Guest Editors: Xiaoging ZHhand Harilaos Koumards

ICisco Systems, USA, xiaogzhu@cisco.com
’NCSR Demokritos, Gregdeoumaras@iit.demokritos.gr

The networking industry has seen rapid and steadyover NFV infrastructures. The paper introdudés
increase in the adoption ofSoftwareDefined concept of Surrogate vNF which aims at taking
Networking  (SDN) and Network Function advantage of the standards exemutenvironments of
Virtualization (NFV) technologies in recent years. For Home Gateways to collaborate wihNFs deployed in
service providers and network operators, this opens umperator Poinbf-Presences (POPs).  Simulation
interesting new possibilities for enhancing the evaluations of the proposed solution show that it
performance of media content delivery. While D improves QoS for media delivery by mitigating
improves network management visibility and violation of SrviceLevel Agreements (SLAs
programmability, an NF\enabled infrastructure
allows for dynamic resource provisioning and network
service scaling according to user and traffic demand.
This new and evolving networking paradigmwith
more fows on software rather than hardwarealso
means finer granularity of control, faster adaptation
capabilities, thus greater agility in innovation.

Taking a different approach, authors of the third article,
Caching of Viral Content in NFV Architectureshows
how NFV-based data centers can be used for caching
viral content (e.g., extremely popular YouTube videos)
with improved energy efficiencyKrishnan et al.
introduce an open NFV architectural framework for
managing application viral behavior. The paper
In this Special Issue, we bring to our readers a discusses ongoingiork in the industry in the area of
collection of four invited articles that address various viral content caching, connecting it with the overall
apects of SDN/NFVvenabled architectures for media energy efficiency in the context oNFV. More
content delivery. Authors from academia and industry specifically, the paper examinem integrated NFV
share their individual perspectives regarding the architectural framework for managing viral content
opportunities and challenges brought forth by the rapidwhere the application virality information can be
spread of SDN/NFV technologies, outlooks for the modelled as a nelinear constraint along with the
future of media content delivery in an increasingly existing placement and scheduling coristsa which
mobile and heterogeneous environment, as well asare typically linear.

ongoing research efforts in leveraging SDN/NFV for

enhanced media content delivery. Finally, Ferras et al. present a conceptual framework

for the combination of terrestrial and satellite
The f i r dMultimediatConteht®elivefy in SDN communication segments, leveraging NFV/SDN as
& NFV based Twards5G Networks by Liberal et al.,  enabling technologies. Their articleEnhancing
paints in broad strokes several leading trends in theSatellite and TerrestriaNetworks Integration through
evolution of cellular networks from 4G to 5G. The NFV/SDN technologies,starts with an excellent
authors then focus their discussions around theoverview of multiple compelling benefits of a single,
potential implications of network cloudification integrated telecom network. It then reviews key
through SDN and RV, and how it can enable true challenges and barriers that hamper such integration.
convergence betweerContent Delivery Networks The authors point ouhow the introduction of new
(CDNs) and 5G networks. Using Dynamic Adaptive SDN/NFV-based paradigms can help to facilitate a
Streaming over HTTP (DASH) as a case study, theycombined terrestrial/satellite networking infrastructure
further describe the evolution of media adaptationin term of more flexible integration, network service
strategies from purely cliemtriven to a combination of  innovation, and entb-end network resource
core and access netwowssisted architecture. Finally, management spanning botatellite and terrestrial
the article highlights a number of challenges and segments. The paper further describes several ongoing
research opportunities in towab® networks. research efforts along this direction undertaken by the

In The Surrogate VvNF approach for Content UE H2020 VITAL research project.

Distribution, Herbaut Xilouris, and Négru demonstrate
the potential and benefits of novel media streaming
solutions based on more flexible resource management

http://www.comsoc.org/~mmc 4/55 Vol.10, No4, July 2015



IEEE COMSOC MMTC E -Letter

This Special Issue has, by no means, presented a
complete picture on the emergimypic of SDN/NF\V
enabled innovations for media content delivery. In fact,
given the highly active involvement of both academic
researchers and industry practitioners in this field, we
expect that more exciting results from expanded
explorations will appearsoon on the horizon. We
nevertheless hope that our readers will enjoy sampling
through the list of invited articles and get a flavor of

Dr. Harilaos Koumaras was

born in Athens, Greece in 1980.
He received his BSc degree in
Physics in 2002 from the
University of Athens, Physics
Department, his MSc in
Electronic  Automation and
Information Systems in 2004,
being scholar of the neprofit

the interesting possibilities offered by SDN/NFV for
nextgeneration media delivery networks.

organization  Alexande S

Onassis, from the University of Athens, Computer
Science Department and his PhD in 2007 at Computer
Science from the University of Athens, Computer
Science Department. Dr. Koumaras has been an active
research associate since 2003 of Media Net Labeat th
Nati onal Centre of Scientifi

Our special thanks gods all authors for contributing
their interesting research wortd this $eciallssue and
sharing with us their individual perspectives. We
would also like to acknowledge the gracious support
from the MMTC ELetter Board.

Xiaoging Zhu is currently a
Technical Leader in the
Chief  Technology and
Architecture Ofice (CTAO)

at Cisco Systems Her
research interests span
multimedia applications,
networking, and wireless
communications.At Cisco,
she has worked omTTP-
based adaptive streaming,
congestion comol for low-
latency interactive video, fog computing, media
delivery over vehicular networks, and video traffic
modeling and synthesis. Dr. Zhu has published over 60
journal and conference papers, receiving the Best
Student Paper Award at ACM Multimedia2007 and
the Best Presentation Award at IEEE Packet Video
Workshop in 2013. She is authof 4 granted U.S.
patents, with 16 applications pending. Within the
research community, she has served eitety as
reviewer, and TPC member faumerous journaland
conferences.Previously, she was guest editor for
several previous special issues IEEE Trans.
Multimedia IEEE Journal on Selected Areas in
Communicationsand MMTC ELetters Dr. Zhuholds

a B.Eng. in Electronics Engineering from Tding
University, Beijing, China, She graduated with M.S
and Ph.D. in Electrical Engineerinffom Stanford
University, California Prior to joining Cisco, she
interned at IBM Almaden Research Center in 2003,
and at Sharp Labs of America in 2006.
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Multimedia Content Delivery in SDN & NFV based Towards5G Networks
Fidel Liberaf, Akis Kourti$? Jose Oscar FajardpHarilaos Koumara%

'University of the Basque Country (UPV/EHENCSRD Demolktos
Email{fidel.liberal, joseoscar.fajardo}@hu.eus, {akis.kourtis, koumaras}@iit.demokritos.gr

1. Introduction hand, how different content delivery mechanisms can
Cellular technologies have quickly evolved from be fitted into feeseen 5G network architectures with a
narrowband voice only specific purpose networks to particular focus on dynamic aolive streaming over
becoming the predominant candidate forcemsing HTTP (DASH).

multimedia services. Most current analygi$][2] .

foreses an imminent explosion of Internet connections T_owards 5G Ev_olut|on and SDN/NFV.

over broadband wireless networks, making seamlessFlgure 1 depicts foreseen evolution for cellular
high speed connectivity finally a reality. Together with hetworks from LTE (4G) towards 5G.
raising paradigms that will shape xtegeneration
cellular technologies an equivalent evolution of - e
content delivery network¢CDNs) is taking place to s oo dgial o

cope with the new challenges associated to myriads o | P A
mobile users accessing high quality services. N ) .m‘ Gy, il RN

Y =
(== ﬂ e | e |ue
By [E=8u
\ 4

o

46

Coordinated
Multi Point

Among thee paradigms, cloudification through
software defined networking (SDN) and network
function virtualization (NFV) entails several (e
opportunities for true convergence between CDNs and
5G networks.

5G
HetNet
densification
Macre-calls

Efficient use of scarce network resources will no doubt %7 A—i:
fair \[;r o '-—_UF B ‘

become the main motto for these nesgenarios. : T l S -
Foreseen solutions will strongly depend on the rofes : ‘@) k) ‘-35353;,7"@ﬂ i .
the significantly different players involved, ranging —

from technology agnostic e2e service adaptation —%&E%:

mechanisms traditionally found in Internet based Figure 1. 4G to 5G Evolution
CDNs, network assisted broadcéiké technologies of

mobile telcos and content aware resource scheduling . .
; 4G LTE technology was designed to cope with the
by broadband access equipment manufacturers. requirements of a flatllalP architecture. The eNodeB

The strategy towards the evolution of cellular networks was introduced as the key element within the Radio
from 4G to 5G can be summarized by the following Access Network (RAN), in charge of managing the
trends B]: 1) evolution of RatieAccess Technologies allocation of radio resources and of implementing the
(RATS), 2) cell densification, 3tomposition of radio  Adaptive Modulation and Coding (AMC).

access technologies particularly 3G/4G and Wi
offloading 4) heterogeneous networks (HetNet§)
flexible spectrum management, @Joudification, and

7) new scenarios- deviceto-device P2D), machine
to-machine ¥12M), and Internet of ThingddT).

At first sight trends }5) may appearindependent of
the service delivered but optimized allocation of radio
resources demand a clear input of tbatent delivery  The advent of LTEAdvanced brings new radio
needs in order toarry out network orchestration. capabilities that leverage the achievable performance

Additionally, in themeantime hybrid approaches have even In cell edges. First, Carr_ler Agg_regatlon a!lows
been already proposed to pave the way for suchincreasing the channel bandwidth by implementing a

transitions from 4G specific hardware based coordinat_ed scheduling of rgdio resourdesthis case,
architectures to software based 5G platforms. a Centrah;ed BBU (BBU) is abl_e o control S?Vefa'

RRHs without further radio synchronization
In the following sections we wilfocus on how  restrictions.Besides, Coordinated MultiPoint (CoMP)
cloudification of 5G through different SDN/NFV addresses the possibility to synchronize the
paradigms may affect content delivery or, on the othertransmissions to/from different eNodeBs.

-/_/" ) \ \ \7“4./
/) A J

As a step forward to foster the pleyment of LTE
networks, the eNodeB was functionally split into the
BaseBand Unit (BBU), capable of performing the
digital functions, and the Remote Radio Head (RRH),
which actually needs to be located at specific
placements in order to perform radio sarissions.

http://www.comsoc.org/~mmc 6/55 Vol.10, No4, July 2015
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The Iggical evolution of this network architecture content is encoded in various quality levels, and each
towards HetNets resides on thegited deploymentof qual ity sequence is divided
a number of @BBUs, each of them controlling a set of the client requests a video, depending on the network
RRHs through high speed fronthaul connections andconditions, it receives the corresponding quadtiynk.
implementing coordinated control with almost This enables the service to switch between different
negligide delays in the inteeNodeB exchange of quality levels seamlessly, as the content is delivered
information. through a CDN service.

Finally, the forthcoming 5G network is envisaged to be In order to further improve and evolve current CDN
ruled byflexible NFV management, which allows the technologies, next steps are heading towards the
virtualization of all the RAN elements into virtual virtualization plae. The current proliferation of 4G
appliances. This way, programmable netwodatrol networks and future 5G networks creates ample space
will enable a more useand contenfocused allocation for CDN technologies to be further extended and
of resourcesAdditionally, some initiatives such as the exploited regarding virtualized environments. On one
Mobile Edge Computing [4] are pursuing the flexible hand, SDN is mostly focused on network
usage of general purpose HW/SW platforms at thecontrollability, which can b applied on a CDNriven
Cloud RAN (GRAN). Thus, some lighteight service  content delivery system, in order to facilitate and

instances would be able to run at theREN, enhance network management and content delivery. On

leveraging usetailored proximity services. the other hand, NFV is related to the network data
plane. Virtualized Network Functions (VNFs) which

Caching and CDNs inspect network traffice.g. virtualized Deep Packet

Various studies have observed that a large portion ofinspection, can be used to add con&nare
the mobile multimedia traffic is generated by duplicate forwarding and caching in CDN environments.
downloads of popular multimedia content [5].
Therefore, research activities in the CDN field have
been focused in finding novel caching algorithms
operating inside networks, which deliver higamand
content to customers via nearby caching gateways
This concept reduces intemternet Service Providers
(ISPs) traffic. Additionally edge caching both
minimizes content fetching time and, when combined
with multicast/broadcast approaches (i.e. eMBMS), it
can dramatically reduce radio resource consumption
particularly relevant in twards5G architectures.

In order to efficiently distribute the highest possible
quality content in variable channels in towak{3
networks, SDN and NFV can prald scalable and
fine-tuned adaptation loops between network and
CDNSs. Following Sections will analyse different
alternatives and highlight challenges and opportunities.

2. Adaptation Strategies (DASH case study)

Figure 2 illustrates the evolution of gdation
strategies focusing in DASHased media delivery.
Different enhancements have been proposed over
The main goal of caching techniques is to attain therecentyears to optimize the transmission of multimedia
optimal tradeoff between traffic bandwidth cost and content over the Internet, with special interest in
storage cost. Traffic bandwidth cost remains quite mobile environments.

expensive for ISPs, whereas storage cost constantl
drops. However, availdd multimedia content is
growing rapidly making it impossible to store a great
amount of it, thus content demand has to be considere
when caching.

Bﬁigure 2a illustrateshe traditional DASH adaptation
approach where the adaptation algorithm is deployed at
éhe client device, in order to modify the source of the
media content. Figure 2b represents the next evolution,
based on the introduction of mediware network
Most caching alternatives can be classified as eithemodes m the provisioning chain. Netwoikssisted
web caching, which is based on uniform resource adaptation mechanisms cooperate with the traditional
locata (URL), or packet redundancy caching, which is client-driven approach to optimize the media delivery
protocotindependent and packet oriented. Web in multi-user scenariosSuch elements have been
caching creates a correlation between the requestettaditionally focused on network awareness I
content and its URL. The caching server is responsibleinteraction with the resource allocation and scheduling
to deliver the content to the user, when the usermechanisms of underlying radio network&gas not
requests it from the corresponding URL. Packet typically allowed

redundan hing offers mor mplex correlation _. o
edundancy caching offers more complex correlatio Finally, aurrent 5G trends suggest the standardization

between the content and the client request. The cachin%nd deplovment of intelligent network nodes that will
server in this case can store packets, or even chunks @ ploy 9

content, which facilitates protocols like Dynamic ﬁgﬁ’;ﬁvorﬁgeoV%?V\;ﬁgubvﬁggp:?:ggg?ss?éfrg'ﬁ;trgonan d
Streaming over HTTP (DASH). In DASH, video :

especially, at the edge tife mobile accessetwork B].

http://www.comsoc.org/~mmc 7/55 Vol.10, No4, July 2015



IEEE COMSOC MMTC E -Letter

HTTP
DASH cache
Server - CDN el

a)

MANE o
DASH d
Server - @ -

HTTP

DASH
Client

DASH
Client

CA(RA)N: Content Aware Radio Access Network MEC: Mobile Edge Computing

time

DASH MANE
Server =
| CAN
v
c)
CDN: Content Delivery Network AA: Adaptation Algorithm
CAN: Content Aware Network MANE: Media-Aware Network Element

Figure 2. Evolution of mobile Multimedia adaptation

strategies a) cliemdriven a; b) core network-assisted; c¢)

core and acess networkassisted.

and research opportunities must be faced to ensure:
TNetwork supported vs. implicit channel awareness

Although MEC initiative defines specific mechanisms
for retrieving channel information from the RAN,
such deployment demands latloration between
radically different stakeholders, e.g., CDNs and
mobile network operators (MNOs), which might
jeopardize resulting architecture. As an alternative,
overthetop (OTT) CDNs and user equipment (UE)
manufacturers could incorporate feedback
mechanisms in multimedia players and devices and
use crowdsourcing/Big Data techniques to infer
implicitly channel and cell information to feed their
adaptation al gorithms and
resistance.

TAnalysis of thetrade-off between improvements vs.

In this scenario,SDN paradigm may be used to
dynamically allocate network resources to different cage for actual implementations.
DASH clients |7, §. An SDN managewould then be

used to dynamically modify video flows and/or

quality feedback granularity. Most research studies
confirm that incorporating channel awareness in both
radio resource scheduling and multimedia content
delivery optimization loops result in enhancements in
QoOE and resource usage. A proper analysis of the
complexity and overload of quality feedback
mechanisms versus achieved improvements is of
outermost importance in order to guarantee a business

fRelevance of channel modelling in 4G+/5G

network resourcesn order to achieve #@QoE-based

fairness between different users.

Figure 2c illustratesuch approachimed at including
service adaptation capabilities into the 5G cloud
enabled RAN to integrate user awareness and enhanceas to relax initial requirements

adaptation responsivenes3his way, the flexible
architecture of the CloudRAN [9] will enable the

convergence of SDMWased mobile networks and

MEC-assisted closto-the-user service instances.
In order to do so, channel and content aware adaptation
algorithmswould be in charge of making Qedfiven

schedling decisions. This way, the MEC will exploit
the benefits of the muklayer media delivery to

incorporate networassisted adaptations to the client i
driven approach. In order to perform the channel awarefRole of ' eMBMS and other caching and

estimations, theadaptationalgorithm needs to bded
with low-level radio channelinformation (i.e. cell

statistics and individual channel quality information).

However, n multiuser scenarios,too finegrain

feedback granularity would entail a high load and

traffic volume in the interface between ME®rver

and RAN monitoring elements.

3. Research challenges and opportunities
Cloudification trends in most networking areas and
particulaty in 5G and CDN depict an exciting
playground for improved multimedia services delivery
in the near future. Howevea number of challenges

http://www.comsoc.org/~mmc

environments Per user channel behauiomodelling

in shared wireless channels remains a huge research
challenge. A better understanding of 4G+/5G and
realistic stochastic models will no doul#lh refining
channel feedbacteporting rates and delay constraints

fimpact of new codecs and transport mechanisms

Recent multilaye video coding mechanisms (e.g.,
H265/HEVC) and transport mechanisms (e QUIC
and HTTP2.0) will affect existing DASH adaptation
mechanisms and overall performance. Ciagsr
effects wih LTE-A and 5G networks need to be also
carefully analysed as to better enhance the
scheduling/service level adaptation proposals.

broadcasting/multicasting schemes Caching
mechanisms have been already incorporated into
standardised broadcasting mechanism and integrated

in 4G network nodes. However, their chances to
become an actual alternati
broadcasting mechanisms (i.e. DMB) is still

unclear.

fEvolution of the ecosystem Major OTT Internet

8/55

players, Cloud providers, Telco manufacturers,
MNOs and broadcasters depict a tumultuous but
challenging environment. The resulting ecosystem
will no doubt determine the real applicability of joint
CDN/5G integration initiatives.

Vol.10, No4, July 2015
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1. Introduction groups, enhancing the network usage efficiency4ln
Since the introduction of high speed Internet Spagna et al. describe the design principles of
technologies such as xDSL and FTTx, Bnhd e r s Application of such an operatomwn CDN.

demands for Internet services have grown at ani, his paper, we introduce the concept of Surrogate

exponential rate. According to Akamai, the average g which aims at taking advantage of the standards
bandwidth has continued globally increase by 65%  oyacution environments of Home Gatewayto

in the second quarter of 2014 compared to 2A13In ., ;aporate with VNFs deployed in operators P@®s

order to cope with this drastic growth, new solutions gchieve greater QoS in the context of media delivery.
have been raisefyr efficient content delivery emerge, agier detailing the concept, we show how it can be

such ~as Content Delivery Networks OS),  gnplied for content distribution and we present an
distributed streaming and adaptive streaming (MPEGg, 5 uation of the solution.

DASH). The proliferationof virtualization solutions
and the current trend of exploitation within Telco o SVNF Concep

environment e.g. Network Function Virtualization o
(NFV) created the appropriate environment the Home Gatevyay In't'a“\./e (HGI) has undertaken_the
combination of the above evolutions to enhanceeﬁort.o.]c providing req.uwement and recommenda'tllons
streaming technologies and architectures in order tg©f digital home equipment. Among their activities
respond to mass demands. they have released thl@pen Platform 2.0 suiterhich .
] ] ) ] o captures home gateway software modularity
The rise of internet videos traffic and its inherent requirements and provides remote test tools that form a
volatility is a challenge for the actors responsible for . g r ner st one of many of the of
delivering the qality of service customers expect. home gateway strategy. HGI has selected the OSGi
From Content Prowder_s (CP)_to Content Delivery platform (reviewed in[5]) for providing a modular
Networks (CDN) to Service providers (SP), evagyor  seryice platform in ordemtrealize the proposed suite
struggles with finding a proper way to fulfithe 6], The intention isto create a modular system that
expected Quality of Servioghile maintaining a decent  3jjows installing, updating, uninstalling, starting and
profit margn. For exampleLiu et al.[2] showed that  stopping of additional software modules, while the
20% ofVoD video streaming sessi@xperiencd a re underlying firmware image remainsntouched. The
buffering ratiogreater than 10%. choice of this execution environment allows the secure
A current trendtowards facilitating media distribution and scalable deployment of thipdrty applications
in the industry is the concept of replagicostly middle ~ that can interact safely with the operations of the
boxes by software, deployed on commodity servers.device[7].
E T S ISB3NFV [3] ongoing standardization efforts
are all about making the Cloud Computing promise
that offes low cost and increased elasticity to the IT

Embracing thisarchitecturea SvNF igmplemented as
an OSGi(Open Services Gateway initiativéundle
that acts like a regular module from the HG standpoint,

\évorlld, a :eaht)é f:)rf th?\l;\'(/alcc_)ts_ In tthe_ cturdrersrt] i except that it delegates any significant operation to a
eployment modet for 1t 1S anticipate al yNF that is instantiated at the (NF¥AoP).

datacenters (at various capacities) are deployed in
selected places within tAseshoWwr incdFigureolp &vNk tnwdules registeit wo r k
infrastructure (usually at the edges of the Telcothemselvesin the runtime environment only if any
infrastrudure footprint) capable of providing IT suitable vNF is available to thematherwise theHG

resource virtualization for the deployment of VNFs. falls back to legacy mode ancbntinuesusing the

These places are called Network Function native implementation of the servicEhis means that
Virtualisation Infrastructure Point of Presence (NFVI for each HG located in the customer premises a
PoP). These deployments support both network and IT virtualized instance located at the nearest to the
resource virtuatation. The trend of using small scale customer location (i.e NFWPoP) is assignedrigurel
datacenters i.e. micidatacenters or even smaller, illustrates the semantics of OSGi lifecycle The

provides the opportunity to make available NFV dependence frorthe software resources are extended
infrastructures closer to the enders and for smaller with theaddtion of network resources as well.
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However, leveraging on the flexibility brought by

Derioy SN (S Gamer] vNFs, we extend it to the point that not only virtual
on the Gateway networks are createtd enhance Control Distribution,

but even application data is provisioned to the network

according to the demand. This Application Defined

Network [10] working on layers 4 is made available

in a residential scenario by depiog custom software

to the Home Gatewayswith limited impacts on the
\ hardware thanks to the SVNF concept that folldlne

VNF Avalale

oo P S Erp standards.
sopping W@U'J 4. Evaluation

' . . An NS3 simulation model was implemented in order to
Figure 1 Adaptation of the OSGi lifecycle to SNF model the Content Distribution Architecture (see
Figure?2). A set of 200 HGwere considered along with

. . . their respectivesvNF instances. During the simulation
In Figure 2, we present the high level design of the 304 \ijegswere concurrently streamed over HTTP
System. We can see that SYNF supports both Original,er 4 period of 60 secondsith a target bitrate of
Cor_ltent Distribution mode when the content_ is 320kbpsper video, with LOMB per vided he acquired
retrieved as usual from the CP network (possibly ginjation data were analyzed and the SLA violations
supported by CDN) but alsEnhanced Content \ore calculated. An SLA violation is considered when
Distribution mode thragh regional POPs when  gaos of the target bitrate is not reacheBs after the
available. Depending on the context, BMEErs o4 etTo reflect the fact that theegional POPsare
requests will be served by either the existing Content user to the clients tmathe CP Networks, we

Pro_vider Distrib_ution Netv_vork or by @he SRanaged introducedrespectively a 25ms and 50ms detaythe
regional POP, in an hybrid fashion liloberget al.  jinks that interconnect either the POP or the CP

suggested ifB], for regular CDN providers. respectively in the simulation moddlhis hypothesiss
conforming toa Frenchnetwork of ServiceProvider
characteristics [11].

Provisionning Phase - resolving SVNF dependendies

3. Application to Content Distribution .

Scenario A: Throughput for CP network alone Scenario B: Throughput for CP+POP

L . . L
70 4 Throughput 70 4 Throughput for CP
60 4 50 Throughput for POP ———

30 30
20 20
10 10
0 T T 0 T T

Regional EE' o s (riginal Content Distribution o 30 60 20 0 30 60
POP 2

Streamer VINF « = Enhanced Content Distribution Requets from clients and SLA Violations
evrneenrenees Signaling and Orchestration

VNF-Capable
Gateway

# of Mbit transmitted
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©
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Figure 2 SYNF applied to Content distribution

# of requests per seconds
# of requests, cumulated

A signaling channel between the SvNF and the

Caching Orchestrator is necessary to update HG Cumuated SEA Yoo oS A
routing decisions and to push monitoring Cumulated SLA Aolabons 11 Scenano B o
measurements back. Another configuration channel is Figure 3 Evaluation of the System

used toward POPsr the Orchestrator to decide which
content to provisioraccording to monitoring data and
allows Streamer vNFs to scale out when needed
Thanks to NFV approach, we are also able toqoerf
media transformation in the network through the
transcoding vNF. This reduces the amount of data
stored in the system, as new fornqislities of the
media can be produced on the fly.

The experiment simulated two scenarios: i) Scenario A,
where the CP Network is the only source for video
‘download and (ii) Scenario B, where one regional POP
was adled. The global available server capacity was
fixed throughout the experiment, therefore, for scenario
B the sum of the link capacity of the CP server network
and the POP network link is the same with the capacity
allocated to CP network for scenario. A/ideo
Closely related to the SDN approa&), our proposal  replication to the POP happens when a video has been
effectively promotes the separation of control signaling requested 4 times from the CP Netwdfigure3 sums

(ie. Control) and Content distribution (ie. Data) planes. up the results of the simulation
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We can see that even if the global bandwidth remains

the same, having regional POP with great network
performance and lower delay is able to mitigate SLA
violations due to a sudden peak in consumption, from
70 down to 20 violatios

The choice of which videds serval by the POP is
crucial to those benefits. Provisioningdeo with few
views per second makes thegional POP bandwidth
saturated with videos that could have been serve
easily by the CP. The best scenario is letting the
regionalPOP absorbing flash crowds for very popular
videos, while leaving the long tad the CP, like in this
example.

5. Conclusion

n 10, p. 12Z 128, oct. 2007.

[8] Broberg, James, Rajkumar Buyya, and Zahir Tari.
"Met aCDN: Harnessing
performance content delivery." Journal of Network and
Computer Applications 32.5 (2009): 101222.

[O1H. Ki m et Nnprovnhe reetwerk neanagemant
wit h software def i nlEEE
Communications Magazine

0[10] A. Masuda, A. Isogai, T. Miyamura, iKei Shiomoto, et

A. Hi r aApplitason-definedl contl of virtual
netvorks over IPopt i cal
International Conference on Network and Service
Management (CNSM), 2011

[11] R. Krishnan H.V. MadhyasthaS. Srinivasan S. Jain A
Krishnamurthye t . Bldving béyond endo-end path
information to optimize CDN performance |n Internet

In this paper we demonstrated the advantage of having Measurement Conference (IMQ009.

a software deployed on the gateway collaborating with
VNF in operator regional POPs to achieve better medi
distribution. In this case, SVNF is a cheap vtayget
the flexibility of SDN for the gateways coupled with
the elasticity of vNF.

and testing under a real environment focusing more o
the workload characterization for the vHG w.r.t the
storage pdormance. Additionally we plan to study
how this approach could be extended in a nigliant
scenario.
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1. Introduction in severe energy inefficiency. For examplBell
Network Operators use a variety of proprietary PowerEdge R720Rack Serverhas a peak power
hardware appliances. Hardware appliances deliverutilization of 303 Watts and consume87.5 Watts
good performance typically. However, they are (approximately 3@ of peak) inthe active idle staté
complex to manage, and not easy to scale up/down iran exemplary depiction appears in][7

capacity and not cost effective. NFV [1] is a movement

by network operators around the world to address the

aforementioned  issues. NFV  involves the

implementation of network functions in software that Content Virality _ Other Application

canrun on a range of industry standard server hardware Information ' Information
and that can be moved to, or instantiated in, various
locations in the network as required, without the need

for installation of new equipmentNFV Poins of OPEN API (RESTful etc.)-NFVBoqndary I
PresencgPoPs)2] data centers (DCs) are-irgtwork: \ NV Mansgementaod |
infrastructures that typicallface unique challenges in _::____..___f_:_lfhf_;;}m._.._m__::._
terms of capacity, energy efficiency and other aspects ]
as compared to large scale cloud data centers. Osdla |
e 08S/BSS —|—l Orchestrator ==
NFV has many use cased,[Botable of which is the : T
virtualization of the CDN \(CDN) The goal of vCDN : _ Service, VNF and Infrastuetue }
would be to address virtualization of all the CDN poa L Crvnfm
components, but the biggest and immediate impact i | : 3 R
would be on the cache nodes given the growth in : | | gus: ‘ EMS 2 BMS3 | | Vevnim
content especially in mobile networks ]5 and P I I = — \11:::1'\“
improving the overall application Quality of 4| ‘ : ‘ P
Experlence E i VNF1 VNF2 VNF3 3 - O;I-Vi
L H : ' : 1 1 Vn-Nf I < 4 VisVnfm

Also, energy efficiency is one of the importayaals = !
identified by the ETSI NFV Virtualkzation Fy— Vol Vil
Requirements document][4In NFV systems, since Compuring ’ Storage ’ Network i
VNFs are virtualized in general purpose servers, ‘ R | Nr;-\u || vietlised :
servers are the predominant energy consuinbene, i) i ‘{L:f:‘ﬂ:'f |
optimizing for server energy consumption is key to Hardware resources o
overall energy efficiency. L Computing ’ Storage Network

Hardware Hardware Hardware | || b eeeemeeeaeee!
In the above ConteXCaChlngVIra| COﬂtent SUCh as an #—= Execution reference points | Other reference points + Main NFV reference points
extremely popular YouTube video, pose interesting
challenges_and_ opportunities. T_hls article dlscuss_es the Figure 1: Open NFV Architectural Framework
work ongoing in the industry in the area of viral (Proposed in [8])
content cachingconnecting it with theverall energy
efficiency in the context of NFV. 2. Ongoing Work

Currently, the allocation of VMs for vCDN follows a Work in [8] proposes an open NFV architectural
static model based on weekday pritime framework for managing application viral behavior.
characteristics, business hours éhis model results ~ This is adated fromthe definition of the ETSNFV

in substantial resource ovprovisioning, since a lot of ~ Architectural Framework [llland extended in this
content viewed over websites like YouTube and sharedPaper to show support for content virality management.
over social media like Twitter follow a virality pattern The paperproposesthe availability of information
during anytime of weekday or weekend ][6 about viral characteristicgrough open interfaceas
Additionally, many industrystandard servers consume depcted in Figure 10penAPIs could be designed to
substantial power in the active idle state, which resultseéxchange information across RESTfuéchanism$12]
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or a pub/sub framework. Content virality information
can be streamed in retiine from applications such as
YouTube, and submitted to th&irtual Network
Function Manager\(NFM) [2] throughthe appropriate
APIs. This information can be used by VNFM to
populate newly allocated vCDN resource powlith
the optimal Virtual Network Function YNF) [2]

capacity needed for content caching which can be

consolidatedto a minimal set of VMs and physical
servers. Besides content virality informatidinis paper
suggest that the architecture could optionally provide
a generic open APl framework for handling other
application information, such as information regarding
firewall services, in redime if available.There is an
ongoing ETSI NFV proof of concept [9] in this area.

Work in [8] extends the open virality architectute
generic cloud an®FV applicationswith inter domain
aggregation The approach is based on tkervice
chain concept [17], so user traffic to an application is

[1™ Detailed Traffic

Measurements
Filtered Traffic
Measurements
Inter-domain
Aggregated &
Aggregated i Filtered Load
Filtered I | Measurements
Load :_':Iil:__liﬂ_' Open APls
Measurements Ak Open APIs
VLFM Inter-domain
Forecasted I Load forecasts IT
Load
S5CO S5CO
Request
Resources
\ VIM Ay AD 2 VIM
Legend:

AD T Administrative Domain
VIM 1 Virtual Infrastructure Manager
SCOi Service Chain Orchestration
VLFMT Viral Load Forecasting Model

routed through a set Of Success|ve network Serv|ce HVLPM1i Hierarchical Viral Load Pattern Recognition

functions that process the traffic. [17]. The service
chain achestration, part of the NFV Orchestrator
functionality shown in Figure ,1will translate the
forecasted load intthe necessaryesource allocation
for each VNF consolidating the resource requirements
for the application/event to a minimal set sbftware
and hardware resources able to satisfy the demand wit
an optimal energy aewsumption. This is depicted in
Figure 2.

In [16] a policyconstraictbased placement and
scheduling framework for NFV architectures is
proposed for the NFV infrastructure as service
(NFVlaaS) use case [3]. The focus is bifrViaaS
placement across distritet NFV DCs ofa service
provider, with various resource constraints such as
compute,energyand service request requirements as
specified bya second service providefhe primary
goal is to optimize resource utilization of compated
energyin the NFV irfrastructure ofthe first service
provider An ETSI NFV proof of concept [10] in this
area is being currently carried out.

The typical proactive/reactiveNFVIaaS placement
policieswithin a NFV DC are rules of the type
9 There can be at most one active pbgbiserver
with utilization less than X%

1 No more than one VM of the same High
Availability group must be deployed on the same
physical server

1 Limit maximum energyonsumption per NFV DC
to Y watts

http://www.comsoc.org/~mmc 14/5

LVLPRI Local Viral Load Pattern Recognition
ASLMi Application specific Load Monitoring

Figure 2: Open Virality Arch itecture for Generic
Network & Cloud Apps
(Proposed in [8])

h

A practical implementation of this proof of concept is
in progress using OpenStack Congress [13], one of the
components of the OpenStack open source framework
[14]. Additionally, [15] proposes generalized policy
framework for NFV architectures.

3. Future directions for managing viral content

By combining the work in [8] and [16], an integrated
NFV architectural framework for managing viral
content is possible. In the integrated architectural
framework, the application virality information can be
modelled as a nelinear constraint ([8] models the
primary envelope function for a viral video access
statistics as a legormal function) along with the
existing placement and scheduling constraintsch
are typically linear. The key benefit of this approach is
maximizing energy efficiency while addressing all the
NFV DC constraints and leveraging the application
virality information.

More generally, in NFV systems, one needs to worry
about efficiem resource management across multiple
resource vectors such as computing, networking,
storage, or energy. For VvCDN capabilities, these
multiple vectors need to be jointly addressed besides
just considering caching the most relevant videos. With
in-network data center NFV scenarios, one needs to
take account of multiple vectors such as: computing

5 Vol.10, No4, July 2015
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constraints at an inetwork VCDN VM to serve [12] Fielding, Roy Thomas, "Architectural Styles and the

; : ; ; Design of Networlkbased Software Architectures,”
mu!tlple Vldep streams, or .netWOI’klng bandwidth to Dissertation University of California, Irvine, 2000
deliver the video from the inetwork data center to

users, or corgaints on the limited network bandwidth [131f OpensSt ac k . Congres
between the imetwork data center and a remote video hps://wiki.openstack.org/wiki/Congress

server that necessitates caching at theeiwork data [14]i Open St ack open source
center, or storage constraints based on limited  "tPS//www.openstack.org

constraints to store content locally in thenietwork  [15] Norival Figueira, etal . AiPolicy Architec

; ; it Framewor k for NFV I nfr e
data center, or timearying energy costs. In addition, https://datatracker.ietf.org/doc/draforivatnfvrg-nfv-policy-

an innetwork data center may support other functions, 5y
so that the fraction of resources allocated for vCDN

functionality needs to be planned for, based on past anéls] Ram (Ramki) Krishnan, etal. ANFVIaasS Archit e

Framework for policybased resource placement and

emerging trends for video usage in given s ¢ h e d u | hitpsi/gatatdacker.ietf.org/doc/dritishnan

geographical region served by the-nietwork data nfvrg-policy-baseedrm-nfviaas/?include_text=1

center. [17]J o el Hal pern, et al . iService
Architecture, 0 - https:/

ietf-sfc-architecture/
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Enhancing Satellite& Terrestrial Networks Integration through NFV/SDN technologies
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Christelle Bousti& Patrick Gélard, Rachid Mestafj Haritos Maki§, Thierry Massoh

YUniversitat Politécnica de Catalunya (UPC), Spa@enter for REsearch AnBelecommunication
Experimentation for NETworked communities géNET), IANTECS S.p.A., Italy’National Centre for
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1. Introduction The integration of satellite and terrestristvorks to
The combination of satellite and terrestrial componentsfully achieve the abovenentioned benefitstill has to
to form a single/integrated telecom network has beendeal with many challenges as of todd&yespite the
regarded fora long time as a promisingapproach to  important and continued advances in satellite

significantly improve the delivery of communications communications technologies, satellite
services [1][2]. Multiple compéding benefits are  communications offerings have not evolved at the same
expected: pace as terrestrial communications systems have done

1 Improved service coverage and footpmxpansion. due to much lower economies of scale and inherent
Satellite can complement terrestrial offerings and associated technological complexiti@. Historically,
provide coverage extension to-served or poorly the use of satellite as a means of communication was
served areas (e,g.rural areas) as well as restricted tosatellite niche area®.g., professional use
connectivity to terrestrial vehies (e.g., trains, in areas where there are no terrestrial networks) and to
buses), aircrafts, and vessels. DirectTo-Home TV market (DTH), the first service

1 Rapid, dynamic md/or infrastructureindependent ~ With strong commercial interesNow with Ka band
service deploymentSatellite links can provide satellite communication systems, shiielbidirectional
backhauling solutions for ad hoc deployment of broadband servise (DirectTo-Customers) begin to
fixed or mobile terrestrial systems (e.g., deploymentemerge. Thanks to the emergence of the satellite
of a transportable base station for a large event oroadband services, the satellite industry is keen to

disaster scenario). develop and deploy flexible and also ceffective
1 Increased network resilienc&atellite can provide Solutions to prepare the futuresatellite system
redundancy for critical communication linkén infrastructure Some of thekey limitations of current

addition terrestrial equipment such as base stationsSatCom platformsunder the focus of the satellite
could support fallback/safe operational modes over industry are théollowing:

backup satellite backhauls to improve service

availability and network resilience inface of T Establishment and configuration of networking
potential failures of terrestrial backhaul links. services across satellite and terrestsegmentss

. L . mostly perforned manually, thus involving
T Broade:c range of service |c()jr0w3|on|ng é\"th ”I_ower considerable setup and reconfiguration delays, as
costs for customers and operatorssatellite well as high associated operating and maintenance
broadcast/multicast capabilities can be exploited for  ¢osts.

Off-loading viceo or other hlgh bandwidth traffic 1 New network techn0|ogieS, a|gorithms and

that otherwise may not be ceeficiently delivered protocols cannot be rapidly introduced into the
over the terrestrial infrastructure (e.gdeed of market since they invee time-consuming and
Content Delivery Network (CDNjhodesplaced at costly SatCom and terrestrial hardware upgrades
terrestrial network edges). Moreover, satellite ~ and are thus associated with significant CAPEX
broadcast/multicast pabilities can help operators Investments.

Lack of flexibility in the management of the

to deliver high quality video content to home . . .
networks gh quality satellite resources to achieve a better match with
. . . . user sd de man dnoftmdesorpesinmi z at i
1 Improved Qualityof-Service/Qualityof-Experience use.
(QoSQoE) for end users. Combined pooling and ¢ satCom services are mostly associated with plain
management dfoth satellite and terrestrial network connectivity (with or without QoS), without the
resources can improveervice delivery in areas ability to insert ordemand irnetwork services (e.qg.

where QoS/QoE delivered by terrestrial access firewalling, proxying for traffic optimization,
alone may be not satisfactory (e.g. higher speed caching, media transcoding,cet for networkside

broadband Internet access in low density populated traffic processing. _
areas with limited xDSL coverage). 1 Many satellite specific settings and the lack of
common prevalent standards for the integration
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with terrestrial systems do not provide transparencygreat extent and more ability to create innovative
for the applicability and antinuity of policies for  services, allowing also the centralized managemmeaht a
routing, QoS, security, ~management and contro| of networking devices from multiple vendors.
ggpggscg\gttz sfaEtgzrnntit’ MPLS, etcand so on  gpn applicability can cover many distinct optimaal

g ) areas, ranging fromthe control of finegrained,

1 Limited control by service providers for global .~ . .
resource management when relying on multiple pllstrlbuted enforcement of QoS polices with an

satellite network oper atlggaled nepvprgides view (ylich legdg fobelles ¢ o | | j t «
network operats enable service providers to €nd user experiengeto the reatime control of

connect their customers to the information serversnetwork resources in a loczéid areavhen copingwith

hosted in data centers. This interconnection isa congestion situation. Therefore, being able to tap into

achieved by providing connectivity from the NFV and SDN is claimed to be of utmost importance

satellite _ground segment to terrestrial network for the satellite communications industieeping it

nodes. The purpose of a servic@\der is to be  gligned to mainstream technologicaolution driven

able to offer its entire catalog of services 10 itS g5 the more large scale markets of fixed/mobile
customers through different network infrastructures o
broadband communications and data emntand

(provided by diferent operators)n a transparent o : )
manner. Service providers are facing some definitively paving the way for fully integrated
difficulties, such as the management of ivas terrestrial and satellite network servicestitdately,

resources transmitted on various transport unified terrestrial and satellite networks sustained on
infrastructures, consisting of a set of equipment NFV/SDN technologies and exploited through smart
managed by each operator independently and withand advanced resource management mechanisms will
specific characteristics (terrestrial/satellite). result in a winwin solution for both domains as well as

. L . for the endusers.
In this context, the satellite industry is clearly

committedto revisit and revamp the role of satellite 3 |ntegrated terestrial and satellite networking
communications in the context of next generation 5G jnfrastructures

networks [4][5]. Indeed, considering the actual and This paper advocates for the introduction and
future challenges being pursuedder 5G, it is of  exploitation of the NFV/SDN paradigms and
utmost importance that the standardized networktechnologies into the satellite networking domain, as
architecture be based on multiple layers andcentral enablers towards improved and more flexible
hetergeneity of network technologies, including jntegrationof satellite and terrestrial segments, network

satellite communications. service innovation and business agility, and network
) ) resources management. An illustration of such
2.NFV/SDN as enablingtechnologies conceptual approach is depicted in Figure 1.

Customer
Federated Network Resource Manager

In the terrestrial domain, limit@ns such as the lack of
automation, limited flexibility in scaling/upgrading
networking equipment and services noted above for
satellite communications are also present but gradually &
being confronted via a major technological transition rares
sustained in the still emerging concepts and
technologies related to network function virtualization

(NFV) and softwaralefined networking (SDN).In

addition to network flexibility NFV/SDN technologies

are also expected to result ieduced equipmerdnd, S Pl &
remarkably, lowe operational costs Indeed the , e e
adoption of NFV/SDN architectural frameworks et intoms |

enables the creation of more intelligent networks that ereesé
are open, programmable and application aware. |t functons)
creates network abstractions that are essential for the
integration and awsistent operation of the underlying w
networking functions, facilitating the combination of

diverse technologies (satellite/terrestrial access systemsFigure 1. Conceptual framework for the combination of

core networking equipment, service delivery platforms, terrestrial and satellite communications segments.

etc.) for the deployment of optimized network

arch t ectures tailored t oThe reafizatien of @ given egdpepd| nptwosktsendaca o
requirements. This gives operators greater control ovefmay require the combination of a number of
their equipment, simplifying network management to a constituent, interconnected network functions across

End-to-End
scope

SON
Controller (s)

SON
controlier (s)

NFV Manager

Radioffixed access
points/multiplexers, mobile

Segment-wide

packet core, security,
— fransmission and switching,etc -y

NFV Infrastructure NFV Infrastructure
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the different segments (e.g. satellite hubs/terminals,The proposed overall architecture shall be able to
terregrial access points/base stations, switgiftiouting,  provide virtualized network services (Netwods a
mobility packet core functions, policy enforcement, Service, NaaS). Simultaneous provision of multiple
caches and video transcoding/adaptation, network slices on the same platform will be supported
network/transport/applicationoptimization security (i.e., multitenancy). Each network slice can have a
functiong. In this respect, as illustrated in Figureitl, distinct policy and be controlled by a different entity

is anticipated that some network functions within both (e.g. mobile/fixed network operatorservice content
terrestrial and satellite segments will be virtualized provider, enterprise, etc.Yirtualized network services
network functions (VNFs) running on top of NFV  could be offered as per demand and on a dynamic basis,
Infrastructures (NFVI), which include the physical subjectto e.g. time and availability of resources.
resources and the virtualization layer féretuse of
these resources by the VNFs. The NFVI can span
across several locations and data centers. Therefore, t
infrastructure plane of both satellite and terrestrial
segmentsis considered tocomprise of a mix of
network functions implemented as bespdkardware
appliances together with virtualized network functions
running on top of a number of NFVI platforms.

The development of the conceptual framework
escribed in this paper isrcantly being undertaken by
U H2020 VITAL research proje®].

4. Conclusiors

NFV and SDN technologies can become key
facilitators for the combination of terrestrial and
satellite networks. Enabling NFV intdahe SatCom
Above the infrastructure plane, the management anddomain will provide operators with appropriate tools
control plane inside each of the involved terrestrial and interfaces in order to establish @ognd fully
and/or satellite infrastructure segnemwill host two operable virtualized satellite networks to be offered to
central functions: a (set of) NFV manager(s) and a (setthird-party operators/service providers. Enabling SDN
of) SDN controller(s). The former will be in charge of basel, federated resource management paweasfor a
the segmentvide network orchestration and unified control plane that would allow operators to
management of NFV (infrastructure and software) efficiently manage and optimize the operation of the
resources, focusing on  virtualizatigpecific hybrid network.

management tasks (e.g. control of the lifecycle of all The proposed solution is expected to bring improved
VNFs running in the NFV infrastructure). On the other coveragepptimized communication resources use and
hand, the SDN controller(s) will exploit a number of better network rediénce, along with improved
programmatic interfaces to the different network innovation capacity and business agility for deploying
functions, regardless of whetheethare virtualized on  communications services over combined networks.

top of the NFVI or implemented in specialized

hardware, to consolidate the execution of some controlAcknowledgement

plane functions in a segmewide, centralized point. Research leading to these results received funding from the
European Unionébés H2020 ctRkresearch

On this basis, the proposed approach for theunder Grant Agreement H2020T-644843 (VITAL Project).
combination of the terrestrial dnsatellite segments
also introduces the concept of the federated networkReferences

resource manager. This entity, illustrated in Figure 1,[1] ETSI TR 103 124 V1.1.1 (20137 ) , iSath el | i te
provides a set of APIs to the operator/customer front ~ Stations and Systems (SES); Combined Satellite and
end for the specification of the etatend service and Terrestrial Networks scenarioso

network descrippn. Based on this network [2] Evans, B.; Werner, M.; Lutz, E.; Bousquet, Morézza,

specification, the federated network resource manager G.E.; Maral, G.; Rumeau, R., "Integration of satellite and

would make decisions regarding the availability of the  terrestrial systems in future multimedia

resources requested by the operator/customer and will communicatios,” Wireless Communications, IEEE ,

enforce the decided resources in a unified way, to the Vol-12,n0.5, pp.72,80, Oct0QS

underlyinginfrastructures, regardless of whether it is a [3] Cisco EPC SatRAN Satellite Radio Access Network

satellite or a terrestrial one._To that end, the_ federate 4] The Integral Som | nitiative (I1SI), fsSa
network resource manager is to be responsible for theé ™ ,'o { \wor kso, Net! Works Event 2013
coordinated management and operation of both NFV 29 .10.13 Brussels

resources and SDHNnabled control plane

functionalities of the deployed ertd-end network [5] Sacchi, C.; Bhasin, K.; Kadowaki, N.; Vong, F., "Toward

the "space 2.0" Era [Guest Editorial],” Communications

sgrvice across the satellite and terre§§égmentsln Magazine, IEEE , vol.53, no.pp.16,17, March 2015

this way, consistent endto-end policies can be _ _ _

enforced [6] H2020 VITAL research project websitetstp://www.ict
) vital.eu/

http://www.comsoc.org/~mmc 19/55 Vol.10, No4, July 2015


http://www.ict-vital.eu/
http://www.ict-vital.eu/

IEEE COMSOC MMTC E -Letter

Ramon Ferrls (ramon.ferrus@upc.edu
is Associate Professor at the Universi
Politecnica de Catalunya (UPC). H
research intests include network
architectures, protocols, radio resour
and spectrum managemeirt wireless
communications. He has participated
several research projects within tl
European Commission 6th and 7th Framework Program
as well as in research anechnology transfer projects fc
private companies. He is -@uthor of one book on mobil
communications and one book on mobile broadband Pt
Safety communications. He has-aathored over 100 papel
published in peereviewed journals, magazines, comfece
proceedings and workshops.

Oriol Sallent (sallent@tsc.upc.edus a
Professor at the Universitat Politécni
de Catalunya (UPC). He has patrticipat
in a wide range of european projec
with  diverse  respasibilities as
WPLeader and Coordinator partner a
contributed to standardisation bodi
such as 3GPP, IEEE and ETSI. He t
published 200+ papers mostly in IEE
- journals and conferences. His resea
interests include, among others, Cognitive managernmer
cognitive radio networks, Dynamic spectrum access
management, Selirganising networks and radio netwo
optimization, Integration of satellite and terrestrial netwo
and QoS provisioning in heterogeneous wireless network:

Dr. Tinku Rasheed is a Senior
within
joining
Rasheed was

Future Networks  Area
CREATENET. Before
CREATENET, Dr.

' Ph.D. degree from

Science Departmentf dhe University of ParisSud XI., in

2007, M.S. degree in 2003 from Aston University, U.K. and
bachelor degree in 2002 in Telecommunications from

industrial and academic research experience in theilenob

wireless communication area, etwdend network

architectures and services. He has several granted patents arg
has published more than 60 articles in major journals and

conferences. He is a member of the IEEE and ACM.

Ms Arianna Morelli (F) receivedher Master's Degree in
Telecommunications Engineering in 2003 from

Research staff member, heading the

future extremely dense networks She is liiecs delegate
within ETSI TC RRS.

Dr. Harilaos Koumaras was born in
Athens, Greece in 1980. He received |
BSc degree in Physics in 2002 from tl
University of  Athens, Physic:
Department, his MSc in Electroni
Automation and Information Systems

R 2004, being scholar of the ngrofit

organization Alexander S Onassis, frc
the University of Athens, Computer Science Department
his PhD in 2007 at Computer Science from the Universit
Athens, Computer Science Department. Dr. Harili
Koumaras is amctive researcher in the field of evaluation
the perceived quality of multimedia services, including vic
and picture quality assessment, media distribution ¢
SDN/NFV, video traffic modeling, digital terrestri
television and video compression lie@ues. Dr. Koumara:s
has been an active research associate since 2003 of |
Net Lab at the National Centre of Scientific Resea
"Demokritoso.

Dr. George Agapiou is a
telecommunications engineer, holding
PhD from the Georgia Institute ¢
Technobgy. He is the Head of th
Measurements and Wireles
Technologies Research Laboratory
the Hellenic Telecommunication
Organization (OTE S.A.) where he tes
and evaluates major technologie
terminals and services. He has participated in various
STREP, Eurescom,-&n, FP6, FP7, H2020 research proje
with major role and has published more than 50 papet
scientific journals and proceedings. His research inter
include next generation wired and wireless access netw

research engineer with Orange Labs and novel broadband temiogies and services.

for a period of 4 years. He received his
the Computer

Mrs Christelle Boustie (F) received the
Diploma in Space Telecommunicatiot
from the Aeronautical and Space Institt
(SUPAERO) of Toulouse (France) i
1999. In 2000, she joined the Ceni
Nati onal dOoEt udesin

space ground station development. Sir
2008, she is working in mobile spac
telecommunication research area, as f
telecommunication system Engineer, and now as sat¢
communication project manager. More recently, she ha
charge at CNES the dknical coordination of activities fo

the the French collaborative project M3 and the Ce

University of Pisa. She has been working at Intecs since 2007collaborative project ENGINES.
on system design and development for telecommunications
systems in the professional and defence domains. Since 2009

she hasbeen involved in the FP7 SANDRA Integrated
Project, with a focus on Software Defined Radio (SDR).
Since 2013 she is involved in CROWD project which aims to

define new mechanisms to influence the behaviour of the

http://www.comsoc.org/~mmc

20/55

Vol.10, No4, July 2015


mailto:sallent@tsc.upc.edu

IEEE COMSOC MMTC E -Letter

Gelard Patrick began his professione
experience at ABS (Alcatel Busine:
System) on PABX during 4 years befo
joining the CNES in1990 as protoco
engineering expert at information syster
division. For over eight years now, |
works in CNES at Network an
telecommunication unit as a terrestrial a
satellite networking expert. He has been involved in mult
projects in satellite ammunications (Agora, ATF, Athene
Fidus, MM2G, THD, SMILE). It has now been five yes
that he has in charge of

infrastructure convergence
R&T | i ke fASoft war e Yrudlizatioa
for Broadband Satellite Ne

Mr. Rachid Mestari (M) is computer
science and telecommunication exp
since 1985. He created and manag
several independent companies in 1
field of software development an
communication networks. His main
activities have been on physical lay
(L1) and Data Link communication (L2
with focus on wired Ethernet communication. After,
specialized in system design and performance analysis
current areas of interest are satellite communicat
convergence of terrestrial and satellite network, sensor ar
ad hoc networks, including QoS and Security.

Makis Haritos is a network Engineer
currently working for HellasSat the
Greek Satellite operator specialized in
Core routing switching, teleconmand
VolIP services over ground and satellite
carriers. Studied as a freshman in
Montgomery College in Maryland (MD)
Washlngton DC and then transferred to an American College
in Athens Greece graduating in Computer Hardware and
digital electronics major. W&mg in telecom industry in
Athens Greece since 1996 on various projects covering a
wide range of technologies. Started as a Netware Novell
engineer, then switched to Open VMS Alpha systems,
Wireless networks, Frame Relay networks, Unified
communicationsand Nortel ATM voice switching. Some of
the companies include Equant/SitaOrénge), Ceres
Shipping, Ideal Systems, Lannet Telecoms and finally Hellas
sat since 2006.

http://www.comsoc.org/~mmc 21/55 Vol.10, No4, July 2015



IEEE COMSOC MMTC E -Letter

INDUSTRIAL COLU MN: SPECIAL ISSUE ON 5G FOR ACTIVE HEALTHY AGEING

Guest Editor: David Soldani, Huawei European Research Centre (ERC), Germany
david.soldani@huawei.com

The dobal ageings one of the greatest transformations
of our timeand he Silver Dollar, defined astte public

providersin mobility scenarios They emphasize how
ongoingvehicular researclis fastconverging to enable

and consumer expenditure related to population ageinduture autonomous vehicular solutiotigat scale from

and specific needs of theopleover 5Q is becoming
the 3“ largesteconomy in the world, i.e. US$trillion
per year with private spending power dahe elderly
generatiorreaching$15 trillion by 202Q globally.

This Speciallssue of the H.etter focuses on the latest
progresse®n key enabling technologie® help older

rural countyside to dense urban deployment scenarios
to support sustain and maintaiactive, healthy and
independent living amongspreacdageing populations

The fifth article  t 56 Raalid Aciess Technologie
for Active andHe al t hy Ageingodo,d by
Egon, presents three key enabling access technologies

persons live better, independently, whilst reducing costfor 5G wirelessas identified and researched by the EU

and effort of longterm care In EU, today, thiss about
50% d the Governmengxpenditure growing by more
than 4% of GDP until 2060The editor is immensely
grateful to distose sixkey original contributions from
industry and academia dheir views and latest results
on 5Gsolutionsto Active andHealthy Ageing AHA),
agefriendly andsafe environments, includingpmes.

I n the
of theSi

first

l ver Economyo the

METIS project Thefocusis on FBMCTOQAM, which
is a candidatevaveformfor 3GPP standardgproviding
new dgrees of freedom for PH¥ystem degin and
meeting all requirements for AHA wireless solutions.

In the sixth article et i t Regudrem@nts and Design
Principles for Next Generation NetwotkRiccardo T.
and Riccardo G. introduce nesesignaspects for 5G,

al'het NergoduseSystem n based lorekdy emesgihg technolagisuch as SDN and
a WNFWh and propgse & soletiont scceds agnastia comne,

stakeholders and actions taken in Europe to address theetwork slicing, tailored C/Eplanes and augmented D

ageing population problem, andsduss new business

models and the crucial enabling technologies for AHA,

namely: Sensing, Reasoning, Interacting, Acting and
Networking,using5G networks, which are expected to
become the new lifeblood of tt8lver Economy

In the second articletitled AFull Field Communication
for the Silver Economyi Use Cases and Enabling
Technologieé ,Atanas, Pablo, Onayand Qing paint
the full field communication(FFC) system anchow it
applies to the iBer Economy.Also, they providean
overview ofthekey FFC @aabling technologied.e. 3D
audio, full parallax( folographi®) visualization and
3D scene capturghand reconstruction

In the third article ent i t Toavard Gloud Service
Robotics in Active and Healthy Ageing Applicatians
Filippo presents a caseudy of the RobeEra system

(DORO), COndominium RObot (CORO) and Outdoor

RObot (ORO). The main challenges of Cloud robotics ;4 modeling

connected toWireless Sensor Network (WSNind
Context Awareness Monitoringysem (CAM) for an
ambient assisted living (AAL) are also discussed.

Thefourth articleent i t Ihdepgendént Active Ageing
- the Role of 5G and Autonomous Vehidely Ciaran,
Vince and Marig explore the potential benefitdf 5G

wirelesstechnologies irenabling timely, localized and
personalized interactions betweefdersand service

http://www.comsoc.org/~mmc
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plane whichare expected to be the cornerstonesGf
network designtruly suitable for AHA networking
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1. Introduction In [1], theSilver Economys presented as th& argest
The dobal ageings one of the greatestansformations  economy in our planet, i.e. US$ 7 trillion per year, and,
of our time By 205Q the number of older persor80#)  the pivate spending power dhe elderly generation

is expected to grow frorB41mn in 2013to 2bn+ and  reaches$15 trillion by 2020 globally. In Europe, the
the related costfor the public administration will be  public spendingis currently25% of GDPor about50%

up to 50% of the total GDP in 2010[1]. The global  of Government expenditurand it will grow by more
scenario idllustrated inFigurel. The extreme case is than 4% of GDP until 206[B].

in Japan, where¢he population could drop to 107mn
from 128mn, with 55mn out ofvorkforceby 2050, i.e.
40mn above 65 and 5mipelow 14. Chia, Europe,
North America and Australia will face similar
challenges. (IH2], ageing population and scarcity of
primary resources are the most important causes of th
3 world war.) Two are the main reasons: 1) We are
living longer and 2) women have less than 2.1 children
on average. By 2050, the global life expectancy at birth
is 80+ with a gender gap of 5 years, with women living
longer[1]. Children are no longer a value for families
and manypele choose not to reproduce. The entire
pattern of traditional life as we know it,is thus
collapsing and no clear alternativgatterns have
emergd yet. Raising manychildren in our industrial
andurban societyis currently unaffordable and it will
beworse in the futureThe cost of raising children will
not decline, nor will there be ways found to puear The primary stakeholders are truly expectinglite
olds to work.Besides, tie rate of infant mortality is not independentlyand remain active as long as possible.
going to rise.Therefore,in the 21* century the trend  This could be achieved by preventive, supporting and
toward having fewechildrendefinitely continues [2]. compensatin@ctions[4]. The value chain (and related
solutions) includesmobility (support systemshealth
care (Tele-health),housing(Smart Homes) andocial
care (Tele-care). TheAmbient Assisted LivingAAL)
encompases all these aspedty, seeFigure 3

This letter presents the main stakeholders and actions
taken in EU to address this problem, and dises the
new business models and enabling 5G technologies for
agefriendly and safe environmentscluding homes.

3. Main Stakeholders and EU Public Investments

As depicted inFigure 2 the primary stakeholderof

the Silver Economy are the older persons (classified as:
active, fragile and dependant) and informal caregivers
(relatives, caretakers, etc), who are currently handling
60% of the requestB!l]. The secondarystakeholders
are the formal caregivers (service provider, volunteer,
nurse, etc). Thdertiary stakeholdersare technology
providers (industry, institutes, enterprises, etc.); and the
quaternary stakeholderare related policy makers and
insurance compansg(public and private partieB)].

Longevity, namely theSilver Dollar, defined as the
public and consumer expenditure related to population
ageing and specific needs of the population overns$0

a great opportunity in front of us,dking at casumer
markets andhe needs to improve the sustainability of
the public expenditure linked to ageifgj.

[ Lessthans% [ 5%to0 10% 0 10%to 15%
[ 15%t0 20 % B Greater than 20% [ ] Nodata
Figure 1. 2050: Percentage of population above ] Figure 2. Main stakeholders of Silver Economy4]
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Mobility:

SUPPOTLISYSIEME]

Soclal care

[Elecane,

Figure 3. Business model andelated technologieg4]

An overview of the EU fundig and corresponding
research & innovation initiatives fgkctive & Healthy
Ageing (AHA) is illustratedin Figure 4 In Europe in

20142020, the European Commission makes available

more thanl 1 BnOpublic funds The majority of the

investments are within the EU Horizon 2020 Research

Framework Programme and Regionakv@lopment
Fund (ERDF), at Member State levi]. Another
important action is theAmbient Assisted Living
Research & Development Programme focusind@h
solutions for ageing wellln 2015, within this research
framework, the openall on A Li v activg and
independently atho meids Ch forfisupporting

3. Vision and Key Enabling Technologies

AHA systems and serviceer safer lousesand age
friendly environmentgequire the deployment of five
crucial enabng technologiesnamely[4]:

1)

2)

3)

Sensing sensors for mechanical, optical, magnetic,
video, audio, olfactory and chemical measurements.

Reasoning IT components and logical techniques
i.e. artificial intelligence(Al), capable bdeducing,
inducing or other forms of reasoning that analyze
the sensor data and make decision on possible
actions (actuation) to be taken.

Interacting: Human machine interface components
and actors, both software and hardware, that allow
simpleinteractbn processes and bridge capabilities
between people and service/machines.

Acting: automated systems, autonomous vehicles,
robots that proactivelyeactively actfor providing
useful services (physical and cognitive support).

Networking wireless and wirefie communication
technologies that connect the different parts of the
system so that they can also collaborate. Using 5G,
the connectivity is guaranteed with a large degree of
reliability, dependability, high speed and extremely

low latency, in order to pwide the overall assistive
service, which the system is beidgsigned fof5].

Thenetworkand services vision for an age friendly and
safe housig and environmestareshownin Figure 5

In this context, 5Gdefined as the nexgeneration of
ubiquitous ultrahigh reliability, mobility, capacity and

active and independent living of older adults in their oW latency infrastructurgs]-[7], is an integralpart of

home®. The indicative
European Commission abdember States G 3mn.

Figure 4. EU funding related to healthy ageing
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t ot athengwprkiggisqlugonts gefve thesmaigeeds ofithe m

elderly. In other wordshG is expected tdecome the
new lifeblood of the digital economy armbnnected
society andt hmerva@us systetn of t he g§i
once it is established\gefriendly environnents, safe

t he

|l ver

housing facilitated through the use of smart sensors

and Telemonitoring, as well as tailemade solutions
for remote contrglwill help people live independently,
whilstreducing the cost of lontgrm care

Figure 5. 5G for age friendly andsafe environments
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