2] ‘ CHARISMA

Converged Heterogeneous Advanced 5G CIB4N Architecture for
Intelligent and Secure Media Access

Project no.671704 P
Research andhnovation Action * ok

Cofunded by the Horizon 2020 Framework Programme of the European Union

Call identifier: H20201CF20141
Topic: ICF14-2014- Advanced 5G Network Infrastructure for the Future Internet
Start date of project: July 1%, 2015

DeliverableD5.4

Roadmappingo CHARISMANd 5G networking

Due date: 30/04/2016
Submission date: 17/06/2016
Deliverable leaér: INCITES

Dissemination Level

PU: Public

PP: Restricted to other programme participants (including the Commission Services)
RE: Restricted to a group specified by the consortium (inglgdhe Commission Services)
CO: Confidential, only for members of the consortium (including the Commission Servic

OO0

CHARISMADS5.4¢ v1.0 Pagel of 60



T Aalt 27

[ 2y (NR O dzil 2 NB

Participant Short Name | Contributor

Fundacio i2CAT I2CAT Amaia Legarrea, Shuaib Siddiqui, Eduard Escalona

Fraunhofer HHI HHI ;

Demokritos NCSRD NCSRD Eleni Trouva

APFutura APFUT Oriol Riba

Innoroute INNO Andreas Foglar

InCites INCI loannis Neokosmidis, Theodoros Rokkas

JCP-Connect JCP-C Jean Charles Point

University of Essex UEssex Mike Parker, Geza Koczian, Stuart Walker

Cosmote COSMO Konstantinos Filis, George Lyberopoulos

Intracom INTRA Konstantinos Katsaros, Konstantinos Chartsias, Dimitrios
Kritharidis

Telekom Slovenije TS Blaz Peternel

PT Inovacao e Sistemas PTIN -

Ethernity ETHER Eugene Zetserov

| KIy3aS KAadz2NE

Version | Date Partners Description/Comments
0.1 15/03/2016 INCITES ToC definition
0.2 20/04/2016 COSMOTE, COSMOTE, Ethernity and University of Essex contributions
Ethernity,
UoEssex
0.3 22/04/2016 INCITES Section with results incorporated
0.4 29/04/2016 InnoRoute Section 2.4.3 Charisma Vision included
0.5 04/05/2016 INCITES INTRACOM, i2CAT contributions
0.6 06/05/2016 TS, TS, APFutura contributions
APFutura
0.7 11/05/2016 INCITES JPC contribution, Acronyms, References fixed
0.8 27/05/2016 Ericsson 1% Review
0.9 14/06/2016 | UEssex 2" Review
1.0 16/06/2016 INCITES Final revisions

CHARISMADS5.4¢ v1.0

Page2 of 60



Table of Contents

(IS A0 @] o] {1 o1 U (o] £ TS 2
(@ F= T o [>T 1151 (o Y/ 2
R o o [ o 1o o PRSP 6
1.1. The need fOr 5G NEWOTKS.......ccoo it e e e e e e e e e e e e e e e aaaeaaaaeeeaeens 6
1.2.¢2 461 NRa GKS apD { S.QdaNBR..bS.0.4.2NJ.4a%. . .0L.NBS.@
2. Roadmapping the 5G teChNOIOGIES .........uuviiiiiiiiiiiiiie e 9
P2 T o 11 (o] Y PO PPPPPPRRPTPRPPPPPS 9
2.2, SPECIIUM ISSUEBS .....eeeiiiiiiii it it e e ettt s s e e e e e e e e et e et e e e e e e e e eeeeaee st s e e eeeeeeeesaebenna e s eeeeeas 11
2.3. BASICS O 5G SYSIEIMIS. ..ottt ettt e e e e e e e e s e e e e e e s e reeeeas 12

P2 T I S I B N Y PP EPP R PRPPPPPRR 12
P2 A S = =Tl (o | (0] 0 [ PO PPPPP PP 12
2.3.1.2.  SDIN CONLIOIEIS. ..cciiieiiiiiiiiiiie ettt e e e e e e e e s e e e e e e e nnnnees 13
2.3.1.2.1. NOrthboUNd INTEIACE........ci i i e e e e e e e e e e e e e e e s e e e s e e a s naaas 14
2.3.1.2.2.  SouthbouNd INtEITACE.........cce i e e e e e e e naans 14
2.3.1.3.  Network Function VirtUaliZation...............eeeeiiiiiiiiiiiie it 14
2.3.1.3.1.  Network Function Virtualization Infrastructure (NEMI).........cccceeeeiiiiiiiiinecenee 15
2.3.1.3.2.  Virtualized Infrastructure Manager(s) (VIM)........ccouuemieeieiiiieiieiiieeiieeeee e, 15
2.3.1.3.3. NFV OFCRESIALON.......ccci ittt et et e e e e e e e ae e e e e e e e s e e s s e e s s aasssssnannnnnnnes 16
2.3.1.3.4.  Virtual Network FUNCtions (VNES)......coooiiiiiiiii e 16
2.3.2. 5G airinterface teChNOIOGIES.......cooiiiiiiiiii e 16
B Y R =T o015 V= (=] o NS 18
St S - 1 o = 1 o PSS 18
2.4.2. Commercial (sub)systems StaiBthe-art .............ccccciiiiiiiiiiiiiiier e 20
2.4.3.  CHARISMA VISION...0utitiiiiiiiiiiiiite e esaeiie it e e e e e e sttt ee e e e s ssassaeeeeeeeassnnbaeaaeeessansreeeeeeesaannes 22

3. Survey of the Factors Determining Successful 5G Deployment............cccccevvvvieinnnnnnnd 25
3.1. Introduction to S5GNetworking EXPErtS SUINVEY.........c.uuuiiiiiiiiiiiieiee e 25
3.2. Decision making using the AHP frameWork.............uuueeuiiiiieiiiiiiiiiiieeeeeeeeeee 25
3.3. Determining the set of criteria and factors to be used in the SUrveys...........cccccevvuveeenenn. 31
R YU AV =)o [Tt 1] o) o o PP PRPRR N 33
3.5. ReSUIS aNnd diSCUSSIQN........cceiiiiiiiei ettt e e e e e e e e e e e eaaaaaaaaeaaaaeaeaeeseeaseaaaaananns 36
3.5.1. Weighting Of CHEEIA........uuuiiiiiiiiiiiiiiiiieei e e e e e e e e e eaeeereeeeeeees 39
3.5.2. Weighting of Sufzriteria under each criterion..........ccccccvevveeveccn 41
3.5.3. Global prioritieS Of SUHBIIEITA. .......ciiiiiiiiei et 49

o o] o [od (1] o] o K3 PR URPPPPRPN 51
RETEIENCES. ...ttt ettt e e e e e e e e e e e e eeeana 53
o (0] 017/ 0 1 S 59

CHARISMADS5.4¢ v1.0 Page3 of 60



List of Figures

Figure 1: Mobile communications eVOIULION [2]........coeviiiiiiiiiiieie e Q.
Figure 2: Mobile Network Technology Lifecycles (North Americg)SI&[3]..........cccccvvvvrrvvirrvennreereneee. 10
Figure 3: 5G roadmap [7]....ccooo i e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 11
Figure 4 A simplified view of an SDN architecture.[8].............cccooiiiiiie e 13
Figure 5: ETS8IFV reference architectural framework.............uuvvevvieiiiiiiiiiiii e, 15
Figure 6: 5G Air Interface TeChNOIOGIES...........coiee i e e e e e e e e 17
Figure 7: Analytic Hierarchy ProCesS SIEPS......coooi i e e e e e e aa e 26
Figure 8: Multievel hierarchy of interrelated criteria and s@biteria............ccccooooiiiie 26
Figure 9: Triangular fuzzy numbers membershifidm. ..............cccveviiiiiii e 28
Figure 10: Multievel hierarchy of interrelated criteria and s@hteria..............cccceevviiiiiieeee e 33
Figure 11: Introductory page Of the QM SUIVEY............ueiiiiiiiiiiieieee e e e e 34
Figure 12: Statistics Of the PartiCiPaNTS.........couiiiiiiiiiiiiie e e e 35
Figure 13: Indicative qUESTION OF the SUINVEY.........uuiiiiiiiiiiiieeie e 36
Figure 14: Relative weights of 5G NEtWOIK CIItEIIA. .........coiiuriiiiieeee i 40
Figure 15: Fuzzy evaluation OF CrILEIIAL...........uviiiiie et e e 41
Figure 16: Relative weights of Performance-Beria..............coooviiiiiiiiiiiiiiiiiiicceeeiieeece e A2
Figure 17: Fuzzy evaluation of Performance-GuBria...........cccccccvivviiiiiinicceeeeeen 43
Figure 18: Relative weights of BUSINESS-GUIBIIAL............uuuuiiiiiiiiiiiiiieiieeeeeee e 43
Figure 19: Fuzzy evaluation of BUSINESSEHBIIA..........uuueeiiiiiiiiiiiiiiieeee e 44
Figure 20: Retive weights of Acceptance Siteria.. ... 45
Figure 21: Fuzzy evaluation of AcceptanCce-@UbBria...............cccoee i 46
Figure 22: Relative weightd Flexibility SUIteria..............ccooe oo a7
Figure 23: Fuzzy evaluation of Flexibility BtRria.................coo oo a7
Figure 24: Relative weights of Techo®y SUECHteria............ccoooeieiiiiiii e 48
Figure 25: Fuzzy evaluation of Technology-GUbria..............cccocoee i 49

CHARISMADS5.4¢ v1.0 Page4 of 60



9ESQOdzi A @S { dzY YI NE

The objective of this deliverable is to provide an assesswiethe different factors thatve believe will tend
to influence the successful adoption of 5G netwiagkwithin Europe

Tothat end, future(e.g. technical, commercial, regulatory, easer etc.)challenges regarding 5G networks

were identifiedby experts from within the CHARISMA projeas part of a Roadmapping exercised a

survey was designed in order to estimate tiedativeimportance of these challengesd classify themThe

survey was completed by 16 expeftem within the CHARISMA consantn; these expertdelonging to a

variety of different and relevant sectors, includimgdustry, research institutes and academia from several
European countries (France, Germany, Greece, Israel, Luxembourg, Portugal, Slovenia, Spain, United
Kingdom) with each experhaving aprofessionabackgroundn telecommunication technologs.

With regardto the survey itself, e analysigoresented herewasbased upon thé=uzzyAnalytic Hierarchy
Process (AHP). Thpecificcriteria-challengeemployed in the sumywere identifiedas follows

1 Performance coveiing aspects related to performance enhancements compared to legacy systems
1 Businesscovelingeconomic and financial factors

1 Acceptancerelatingto the acceptance by endsers and operatorsf the new 5G échnologies

1 Flexibility: relatingto options that 5G will provid& operatorsas theydeploy new networks

9 Technologycoveling the variougechnological optionassociated with 5G

For each of these criteria a set of satiteria was also specifieavith the analysis methodology requiring a
pairwise comparison between these criteffand subcriteria) using an odine surveyof the CHARISMA
experts The relative importancdpriority of the crucial factors was identifidoly calculating their weightas
ascertined from the raw data accrued from the-ine survey

According to the feedback received from tbgperts,Performanceis rated as the most importartriterion
for 5G deployment, followedh turn by Business Acceptanceand Hexibility; whilst Technolagy has the
lowestweight. ConsiderindPerformance, the most weighted stdyiterion is that of Low Latency, followed
by High Reliability, andthen Data Rate. Increased coverage ardergy consumption had the lowest weights.

The scope of the deliverable t® provide guidance both to CHARISMA partners and also to other
stakeholders that are involved in 5G netwinigg Of interest is to note that the CHARISMA architecture has
already targeted.ow Latency as a key technical objectiae specified by the relevaBGPPP KPhlongside
multi-tenancy, and securitywhichtogether arein line with whatis expected tounderpinthe successful
deployment and uptake of future 5G netwanky.
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This deliverable aims to asseb® variouschallenges that areetated to the successfubdoption of 5G
networking and the CHARISMA architecture as a specific 5G technology solution

In order to identify the barriers and drivers of thptake of 5G networkingn expertsurvey was conducted

to rate the different criteria that areexpected to beelevant to the success of 5G networks. These criteria
cover a broad area &G networkingactors such as: technology, business, acceptance, performande
flexibility.

In order to asssthe relative importance othese crieria, a fuzzy version dhe Analytic Hierarchy Process
(AHB method was selected abie most appropriate. A set of criteria and thaiorresponding sugriteria
were selected and an online survey was implemented. Experts frenCHARISMA project were ited to
express their opinions regarding the factors that will most influence the futir6G networks.These
responses were gathered and then processed in order to get the final results.

This deliverable is structured as followRllowing an initial introduction about 5G netwoikg, a
Roadmappingverview ofthe varioussGtechnologiesand challengeis presented After that, a description
of the methodologyunderpinning the ordine expertsurvey and itgriteriaand subcriteria is madewith the
resuts of thesurvey presentednd analysedFinally, conclusions adeawn from thecombined roadmapping
and surveyanalysis.

1.1. ¢KS yYySSR FT2NJ pD ySiUg2N] a

5G is a compact twiettered word encapsulating a very large concept. Indeed, capturing a definitive
underdi  YRAY 3 2F pD 0aK2NI F2NJ aFAFTOUK ASYSNIrdAz2ye0 vy
aspects. For example, there are the technical aspects, which are easily quantified, such as the expected end
user high bandwidths (e.g-10 Gb/s to eneusers), low latency ¢fnillisecond access times), and the ability

to network very high numbers of devices in a small geographic locatioteed, this final aspect is an
example of where the boundaries between 5G and other emerging concepts such astlnfefhangs (loT)
orcyberlJK@ AA O f &daeadasSvya o6/t{0 YR a.A3 5Ll 06S02YS
definition of 5G. Other features of 5G which are the reason why there is such a global interest in 5G research
currently occurring areFixedmobile convergence, i.e. seamlessness between the traditional fixed access
network (e.g. fibreo-the home, FTTH) and the mobile communications network; Ddwicevice (D2D)
communications and abloc meshing (e.g. for sharing of content and sauiadlia in localised public spaces);

Open Access, such that multiple network operators and service providers can share the same physical
infrastructure, and therefore achieve useful CapEx and OpEXx cost savings; and new network services, i.e. such
a higher prformance 5G network infrastructure will allow entrepreneurs the freedom to be creative in
developing new network services functions and applications. Indeed, each of these various 5G features
mentioned here are very large subjects in their own righthwitany directions of research into each of their

new technologies, new functionalities, and new means to improve efficiencies (e.g. energy efficiency, use of
scarce network resources, improved CapEx, OpEx, and TCO profiles.)
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In addition, other very impogtnt emerging networking trends which are having a major impact on the design
of 5G network architectures are: software defined networking (SDN); network functions virtualisation (NFV),
Security and privacy (including issues such as reliability, trustwesdhj and robustness); Network
dynamicity; Cloud and fog computing; and environmental impact, i.e. energy efficiency as already mentioned,
but also including the visual impact of 5G technology on the urban and rural landscape, potential health
issues dued possible electromagnetic smog issues;difele disposal of old (legacy) communications and
ICT equipment, as well as the design of 5G equipment with itoénde disposal already in mind.

Taken together, all these very many facets comprise abro@diddg’ A G A2y 2F 6KI G ¢S YA3II
together they create a very complex technology landscape, with many possibilities for successful innovation
and new business opportunities. However, navigating such a futuristic landscape, with so many unknowns
and as yet untried and untested technologies, concepts and services, becomes a very risky business venture.
In order to mitigate some of the business risks involved in investing in 5G technologies (be it hardware
equipment, software control and managementystems, new services and applications, network
infrastructure, etc.) a better understanding of the attitude and expectations of future 5G users is required.
Business already has a good idea of the teeboanomics, technical performance characteristics] and

user takeup (acceptance) of current 40 (LTE) networking technologies; but in decidingvhene,and when

best to target investment in upgrading their legacy 4G infrastructure towards 5G networking capabilities,
they need a better understanding dfie many issues surrounding the 5G business landscape. This is the
rationale for the CHARISMA survey being reported in this deliverable D5.4: to define a set of roadmapping
scenarios towards 5G networking; and attempt to evaluate the economic, socialeeimablogical factors

that are likely to impact (both to drive forward and limit) the deployment of future 5G networks such as the
CHARISMA architecture.

12.¢26F NKip (ISOdZNBRiGb SHSA N a

In addition to themore general 5G challenges outlined irethrevioussub-section the CHARISMA project is
alsointerested in the analysis of specifickey aspectof future telecommunication networikg that of
neces#ty will need to be tackled: the provisioning of secured networks in a Arfiant, multiplatform,
multi-technology landscape. It is of major importance to provide the necessary mechanisms and controls to
address the complex security challenges of today's heterogeneous networks. In particular, security policy
management, decision control for threagtiction, virtualization isolation, identity access management and
proactive traffic and resource monitoring will need to be handled in 5G networks.

In such complex environment, taking into accotiw purely technical aspects thatfuture5G networkwill
needto achieve, som@émportant security constrains can be foreseen:

1. Security challenges from a large number of connected devié&s is expected texperience digh
densityin the number of devices connected to the netwoik some cases, there will b@llions of
new devices which will open new security threasy. nultiplying the number of connected devices
means more opportunity for attacks suchdistributed denial of servicddDo$S.

2. Security challenges from increased data transfer speddghspeed data communications imply a
higher number of threats of malicious file transfers that could potentially more easily escape notice
if the correct mechanisms aret in place to detect those attacks.

CHARISMADS5.4¢ v1.0 Page7 of 60
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3. Security breaches due to the nature of technology enabled by 5G network aims to leveradim
some casedhe development of user sensitive applications such as remote suogdrjverless cars
The consequences of security breaches in these two examples could be particularly ariéeah
life threatening

Security and privacy requirements are often seen as obstacles or burdens in system design, but ignoring them
at the beginnings oftennot costefficient in the long termwith a much morecostly processequiredto
incorporatesuch mechanisms at a later stage.

Mobile Internet of Things (IoT) devices require lightweight secuvityilst high-speed mobile services
demand higly efficient mobile securityAnetwork based hogy-hop security approach may not be efficient
enough to buill differentiated enato-end (E2E) security for different service slides. exampleloTis now
gainingin momentum, as more peopleare able to remotely operate or "talk" to networked devices, for
instance, instructing facilities at a smart homeptmwerup etc. Therefore, there is a need of a more stringent
authentication method to prevent unauthorized access to IoT devices. Advanced methods of authorisation
and authentication like biometric identification could be incorporated in some applications.

SDN ad NFV technologies amtsoexpected to pave the way nhancedbG networlng efficiency and cost
reductions but they also provide new source forsecurity concerns. Security cannot be built for 5G services
unless the network infrastructure is robust.legacy networks, security of functi@metwork elements (NES)
relies largely on how well their physical entitiesbe isolated from each other. However, in 5G, the isolation
will need towork differently, as NFV will lead to the presencevotual NEs ora cloud-based infrastructure.
According to ENISHL], the list of the most typical threats and attacks that can occur in a 5G/SDN
environmentarethe following: dita forging, traffic diversigrside channel attacks, floow) attacks, software

or firmware exploitations, denial of service, identity spoofing, APl exploitation, memory scraping, remote
application exploitation and traffic sniffing. In CHARISMAreaimingto deal with a good humber of tise

as the project deslops.

To summarizenigeneral terms it is difficult to predict the (potentially multiple) security challenges that will
impact future5Gtelecommunication systems, therefore it is of outmost importance to don the 5G Network
with Automated Security Managgent mechanismdn order to address the previously mentioned security
challenges, CHARISMAIis proposng a realtime, automated Security Framework for the 5G
telecommunicatios network, implementing a continuous and closed loop of 4trak environment
ingpection, analytics, poliebased decisions and actuation/enforcement via Cloud & SDN orchestration
procedures

Taken together, CHARISMA s targeting -Latency, Security and Open Access as key features of its 5G
network. But correctly understanding thet@wrplay between these technical features of CHARISMA, as well
as the other business, regulatory, ender, and operational aspects that are expected to feature in future
5G networking, will ultimately determine the successful deployment and uptake of B@orkéng. This
deliverable D5.4 aims to provide such a quantitative assessment and Roadmapping Sserasitn assist

in the successful commercialisation of a 5G network such as the CHARISMA architecture.
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The frst commercial mobile communications technology that appeared wiaat is now called.G, which
refers to the first generation of wireless telephone technology introduced in the 1980s and completed in the
early 1990slts speed was up to 2.Kh/s and allowd national voice calls usirmgaloguesignalsEven though

the US basedd Labsintroduced the cellular principle, the Nordic countries were the first to introdiGe
cellular services for commercial use with the introduction of the Nordic Mobile TetepfdMT) in 1981.

The firstmobile system utilising 1G technolomyUSAvasthe American Mobile Phone SystdmMVIPS.

The next generation of mobile communications was 2G, wiehlaunched in Finland i991.2G networls
were based on GSM using digitajrsls. Initially, its data speed was up tokdits and it enabledervices
such as text messagegicture messages and MMS (muoitdia messag®. 2.5G systems included GPRS
(General Packet Radio Senjicend EDGE (Enhanced Data GSM Environmetirh supprted the
transmission of data packets and improved the data rates'téneration systemgigurel).

3GPP2/CDMA Track

Voice Voice 2x cap
Det= (9.6 - 56k) Deta (144 kbps)

Detz (DL 2.4 Mbps)

Voice Optimized DL ptimized
(DL/UL38Y/35%)  (14.4 Mbps) {(5.7Mbps} [DL/UL 82/11M)

Voice Dete Enhenced modustion {DL 1Mbps)
Det= (9.6 - 56k) [DL/UL 20/80%) (DL 384 kbps)
3GPP/UMTS Track
3 1 1 = T 1 < 1
4 v T ) L . 4 L

* DUUL speed is 33 per specifications, however 3ctual speed depend upon many factors
Figurel: Mobile communications evolutior2]

While GSM technology wadeveloped in Europe, CDMA (Code Dimid¥iultiple Access) technologyas
developed in North America. CDMA uses spread spectrum technaldtgh spreads each call signal to the
whole available bandwidth usirig & LINB EoRes ByFiging the same codesde-spread the signaCDMA
can distinguistbetween multiplecallstransmitted simultaneously othe same bandwidth

CDMA technology was the predecessor of WCDMA (Wideband CDMA) or UMTS (Universal Mobile
Telecommunications SystemWwhich was the technologyused for the & generation of mobile
communications, also known 8& technologyhat was introduced ir2001 3G offered increased data rates

and new mobile devices were introduced called smartphones and feathiggspeed internet access, far
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improvedaudio and video streaming capabilities, support for video calls and conferences, and internet TV.
The advent of 3G completely changed the way peoplalikeir mobile phones. At the same time, théde
adoptionof the tablet andhe increasedlependency o smartphones led theemand forhigherspeeds and
connectivity options, leading to a ne8G standard, HSPA+ (advanced High Speed Packet Access), which
offered data rates of more than 40Mbps.

The next generation of mobile technology, 4{So known as LTEong Term Evolutionyvas introduced in

2009 and promised higher data rates and expanded multimedia services featuring enhanced security, high
capacity and low cost per bithe 4G technologiekTE and LTE Advanceck apable of providinglata rates

of up to 1 Gl/'s. LTE, which is an-thased system, is a complete redesigrited 3G network architecture
resulting in aeduction of network complexity anlansfer latencyHowever LTE is hot compatible with 2G

and 3G networksneaningthat putting togethe an LTE networkasrequired a high CAPEX

With the advent of |0T as well as the increase in the usage and numbers of the mobile devices requiring vast
amounts of bandwidth, the next generation mobile communication technology, which is termed 5G or 5
generation,is expected tde availableny 2020. 5G will offer data rates of up to B's to the end mobile

users witha latency of éss than 1 milksecond The offered bandwidth will b 000 times thepresent
bandwidth per unit arepand the supported nurner of connected devices will B to 100 times the current
number of devicedn addition, 5G has promised3@% reduction in energgquirement

From the history of mobile communicatiotschnology,we can identify a common evolution cygciehich
typicdly lassan average of 20 yeaes shown irFigure2 for North Americd3].

Mobile Network Technology Lifecycles
(North America)

© Chetan Sharma Consulting, 2015

Number of Years

1G 2G 3G 4G (ESTIMATED) 5G (ESTIMATED)

= Research+Standardization ~ ® Time to Peak Peak to end of Life ~ m Total Life

Figure2: Mobile Network Technology Léfcycles (North America) 1G5G]3]

It can be seeffrom Figure2 that the averagetime-to-peakis aboutl12 years while the time from peail the

end of lifeis about7 years except br 2G systems for which this period$srangely twice as muchHoweve,

the total life, which includes the time to peak and the time from peak until the end of life, is quite similar for
all technologies at about 20 to 22 yeaFar each of these 2@ 22year cycles, the is a 7 to 8 yegperiod

for researchand standardiationpreceding the deploymendf eachtechnology Adding all periods from the
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initial conception until the end of life for each generation of technology, we end up with a maximum of about
30 years.

Technologywise, the difference between one generatiohmobile technology and the next has been mainly

the air interface technology. Each new mobile generation was typically assigned new frequency bands and
wider channel badwidths (1G up to 30 kHz, 2G up to 200 kHz, 3G up to 5 MHz, and 4G up to 40 MHz).
However, from now on it seems that the key differentiator will be mainly the ability to flexibly operate a
virtual network that integrates many different air interfaces, protocols, frequencies and network types.

Particularly for 5Gresearch worlhas startecbackin 2009[4] and haggained considerable momentum after
2014 as governmentsstandardization bodiesvendors, and MNOs started seting targets for initial
deployments Japan iplanningto launch 5G by 2020 fahe Tokyo Qympics[5], whileHuawei and Russian
operator MegaFomassigned a MoUor deploying 5@t the 2018 World Cufg].

The European Commission hastiated an ambitious plan to accelerateesearch dgelopments in 5G
technology.On Decemberl7,2013 the ECsigned @l AINSSYSy (i 6A0GK GKS WpD LYy7¥
representing major industry players, to establish a Public Privateaétahip on 5G (5PP)e T nn YA f £ A 2
public fundinghave beenearmarkedby the European Commission to support this actithyough the

Horizon 2020 Programmé OO2 NRAYy 3 (2 GKS & p D -PPHA Ah2 BG rodddaP,dzY Sy (
including the wok of different specification and standardization bodies, is showFigare3.

204 2010 2006 2017 2018 20019 2020 2021 2022 2023 2024

B VAeEs B wACig
w D @GR (O DD
IMT-2020
BpeCiicationg
o EIED
[5G PPP (" SePPPsetup ) 5GPPPrx @) 5GPPPriex @) 56PPPs: @)
Winter Dlympics in South Kores Note : Other Region events under elaboration

FIFY World Cup in Russia Summer Ok mpics inJapan

-

o 2 VEARS - Exploratory phase and specification o 2 EARS- Detailed research and optimizafion o 7 YEARS - Experimentation and frials

Figure3: 5G roadmagd7]

22. { LISOGNXYzy L &aadzsSa

5G is likely to utilise a broad portfolio of spectrsinncluding lower frequency bands and large contiguous
blocks above &Hz. As result, we expect 5G to make use of existing mobile bands and require new ones. It
may involve heterogeneous networks using both licenced and unlicensed spectrum operating in innovative
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ways with spectrum sharing becoming an increasingly integral pagexftrum use. By the end of 2017, the
RSPG (Radio spectrum policy group) will develop an opinion, including those bands understood at this stage
as having the best potential for harmonisation and addressing relevant spectrum issues raised by 5G. This
will be addressed further in upcoming work by RSPG in 2016, which is tracked by the operators.

It is foreseen that the first 5G system will be deployed on a commercialised babis ysyar 2020. Now is

the time for ITU and recognised regional bodies to sstutlying and analysg 5G spectrum aspects. The

first step of this process is for countries to decide on the respective Agenda Item fol9VR@is Agenda

Item hasto facilitate detailed studies between WHG and WRE9 on the suitable and sufficient eptrum
ranges/bands and the amount of spectrum bandwidth needed. On a longer term, higher frequency bands
are expected to be examined (6 GHBBGHzand>40 GHz up to 10BHz) to be used by 5G, targeting WRC

19.
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Apart from the advances expected in the physical layer (PHY), 5G networks are expected to be further
enhanced in the wirdine access, badkaul and core segments, embracing a series of key recently emerged
technical enablers. Such enablers inclusieftware defind networking (SDN) andnetwork function
virtualization(NFV) technologies. We outline the statkthe-art in these domains in the followikg

23.11. I O1 ANR dzy R

Software defined networking (SDNasemerged as a paradigm addressing the increased complexity of IP
based networks and the corresponding control plane overheads for the support of a series of management
and configuration operations including traffic engineering and fault managef®niSDN identifies the
vertical integrationof the control and data planes as the root cause of the observed overheads and lack of
flexibility in the control of traditional IP networks. This integration is realized in the distribution of the control
plane intelligence inside the network, allowirgetdistributed forwarding devices to interact on the control
plane taking local decisions on their forwarding behaviour. SDN breaks this model by decoupling the control
and data planes: a (logically) centralized control plane, also usually termed as Mhec@iiroller,
concentrates control plane logic by taking centralized decisions based on a global view of the network. The
SDN controller enforces these decisions on the data plane, by configuring simple forwarding devices
(switches or routers), which, ihis model, present limited intelligence (sEmgure4). Anorthboundinterface

is defined to allow network operators to develop their network management applications, asked on

a holistic view of the data plafean definepolicies for the behaviour of the network sduthboundnterface

is also defined to allow the controller to realize these policies by configuring the data plane (forwarding)
devices. It is noted that the controller component of an SDN architecture islagibally centralized i.e.,

L An extensive overview of related technologies has been provided in D3.1. Avoiding repettieywe rather
provide a short overview of existing technical solutions, mostly focusing on their contribution to the broader vision of
5G.
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multiple (possibly synchronized) instances can be deployed for scalability and/or redundancy (see also next).
East/wesboundinterfaces are defined in this case for the communication between different controllers (not
shown inFigured).

Network Application(s)

Open northbound API

Controller Platform

i @ Open %outhbounéd API

Network Infrastructure

Figure4: A simplified view of an SDN architectu{8]

The expected complexity of the 5G network motivates the adoption of the SDN paradigm. The emergence of
heterogeneous access infrastructures and cell sizes (e.g.,sellalivs. macraells) i.e., HetNetf9], along

with the intended support of a series of heterogeneous types of devices and corresponding applieations (
M2M, loT, video distribution, etc.) results in a complex and diverse set of traffic types and forwarding options.
Moreover, and as discussed in the following, the emergence ofidB¥d solutions is expected to result in
dynamically instantiated network functiorslling for the corresponding configuration of forwarding tables.
SDN promises a simplified and powerful configuration model suitable for such operations as it enables the
simplification of the (virtual) forwarding devices in the data plane, which willetyeaccept forwarding
instructions (rules) by the control plane.

23.12{ 5b O2y (iNRftf SNA

A series of SDN controllers has emerged, often targeting different networking environments. OpenDayLight
(ODL) is one of the most widely adopted SDN controld¥ It belongs to a wider platform aiming at the

fine grained control of network resources. ODL is open source and highly modular facilitating the extension
of its capabilities through the addition of functional modules. ODL supportOB&i framework for the
northbound interfacing with applications hosted on the same network domain as the controlleRES&
API[11] is used for the (web based) northbound communication with applications residing at differen
networking domains. TheidelyadoptedOpenFlowprotocol[12]is supported for the southbound interface,
along withOVSDBnd SNMP. The NOX controller is another widely adopted SDN controller, firstly introduced
in 2009[13]. NOX has been extensively used to support the development of the OpenFlow southbound
protocol, but has not target optimised production performance.

As the centralized nature of the SDN controller raises concerns regardisgalability of the corresponding
implementation, a series of SDN controllers have been design to support robust operation in large scale
environment. Maestro[14], Beacon[15] and Floodlight[16] are such examples, taking a centralised
approach, but aiming at achieving high throughput via means of concurrency. In these approaches, multi
threaded designs are used to take advantage of underlying 1oald (HW) architectus.
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Other approaches have targeted scalability byceatralizing the design, resulting in distributed SDN
controllers. ExampleiscludeOnix[17], HyperFlow18], HP VAN SDN19], ONOg20], DISC@21], yanc

[22], PANH23], SMaRiLight[24], and Fleet[25] are examples of distributed controllers. In these designs,
the focus is on the consistency of the state at each SDN controller, so that the network is eventually managed
as a whole and with each controller having the same view ofnitevork. Resilience features focus an
failover mechanism allowing different SDN controller instances to instantly take over upon a failure.

23121b2NIKo2dzyR AYUSNFI OS

As already mentioned, the northbound interface allows the communication of the controkeeplith
management applications. Though numerous proprietaryhad APIs have been developed in this area, the
prevailing approach is that of RESTful APl

23122{ 2dz0 Ko 2dzy R AYUSNFI OS

On thesouthbound interface, OpenFlow isetimost widely accepted and deployed protofiit]. OpenFlow
specifies messages that enable SDN contraitedefine and apply forwarding rules on OpenFlow compatible
switches, based on fields of the packet L2/L3 headers. Opanswitches can also communicate with a
controller ta: (i) request for a forwarding rule, when no existing rule applies to an incoming @idwend
statistics (counter values) regarding the forwarded trafd/SDH26] is an extension of the OpenFlow
protocol that allows enhances operations tailored for Open vSwit{2i8d.e., software implementations of
OpenFlow switches. Examples of the additional operations supported inthedimstantiation of new of
Open vSwitch instances, tttachment of additional (virtual) networknterfacesand their configuration,
the collection of enhanced statisticAlso, the southbound interface can incluttaditional management
mechanisms angrotocols such as SNMBE8]JandNETCONJR9], allowing a broader set of operations on the
underlying forwarding devices of the data plane.

2313080 62N] CdzyOlA2y +ANIidz t AT GA

Network functiors virtualization (NFV)includes a wide set of technologies closely interfacing each other in

the support of virtualized functions inside the network. The high level objective of this set of technologies is
to enable the instantiation and management of the entiredifele of virtualised network functions, on top

of COTS hardware infrastructure of the network. The ETSI NFV Architectural Framework has specified an
ecosystem of components for the realization of the NFV paradigmHigeree5) [30]. Using this architecture

as a reference framework, in the following we provide a high level overview of the major components and
their related technologies.
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NFV Management and Orchestration

Service, VNF and
Infrastructure
Description

Os-Ma
MmO NFV
{ OSS/BSS Orchestrator
i —
|- Or-Vnfm
]
: ‘ EM 1 | ‘ EM 2 ‘ ‘ EM 3 ‘ Ve-Vnfm
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i -+ -+ -+ ! Manager(s)
| VNF 1 | l VNF 2 ‘ | VNF 3 |
! i Fvn-Nr i 4 Vi-Vnfm
i [NFVI
Virtual Virtual Virtual
Computing Storage Network
—— NI-Vi Virtualised
| Virtualisation Layer | } Infrastructure
vi 'HaI Manager(s)
Hardware resource:

....... Computing Storage Network

Hardware Hardware Hardware

#—=# Execution reference points

Figure5: ETSI NFV reference architeal framework
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The Network Functios\Virtualization Infrastructure (NFVI) provides the virtualized computing, storage and
network resources, on top of which the intended virtualized network functiand services are to be

instantiated. NFVI is realized by virtualization platforms on top of COTS hardware. Hypervisors are key

Other reference points  ==fees Main NFV reference points

Cdzy OUA2Y
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components of NFVI, managing the provisioning of the available resources to the guest Ofgyatamgs
i.e., the Virtual Machias (VMs). KVNB1], Xen[32]andvSpherd33] are examples of hypervisors widely used
today in cloud environments. Current focus on the support of virtualised networgtibims has triggered

intense efforts in overcoming performance penalties resulting from the virtualised access to the raw

resources. Related technologies include DPDK (Data Plane Developmfa#]Kiby fast packet processin
and SROV (SingkRoot I/0 Virtualisatiorf)for virtualized access to PCIExpress interfaces.

23132+ ANJidzr f AT SR

The role of Virtualized Infrastructure Manager(s) (VIMs) is to manage the available virtualised resources. This
includes interfacing with NFVIs for managing the instantiation of VMs and the allocation of resources to them,

Ly ¥FNJ & d NHzO G dzZNB

as well ashe collection of information about the available resources and the performance of the instantiated
VMs. Currently available VIM reaiions come again from the cloud computing domain. Widely used
platforms includethe open source OpenStack35], Eucalyptou$36] and CloudStack37] platforms, as well

as the commercial VMWare Cloud syiz8].

2E.g. http:/fow.ly/4AmMNGNR
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The role of the NFV Orchestrator (NFVO) is to orchestrate the NFVI resources across potentially multiple
available VIMs and to manage the entire lifecycle of netwsmivices, as these get instantiated by one or
more virtual network functions (VNFs). NFVOs are responsible for managing the resources
allocated/available to the managed network services, by interfacing both with VIMs and VNF Managers.
Though numerous inditives have emerged for the implementation of the desired functionality, the resulting
implementations are still evolving, presenting often limited features, as NFV orchestration is still an active
research field. Available solutions include open sourg@eémentations such as OpenBatf®®], OPNFV40],
Tackef41] and OpenManqg[42], as well as research project implementations such as TEAD&rd MCN
Orchestratof44]. OpenBaton is well-documentedand actively evolving NFVO supporting interoperability

with the widely deployed OpenStack VIM. OPNFV is recent initiative, with widstiiiad support, focusing

on the integration of existing tools (e.g., NFVI and VIM), rather than on the implementation of some
functional component. Tacker is an OpenStack NFVO project, aiming at extending the OpenStack platform
to a complete ETSI NFV goatible solution. OpenMano is another open source initiative for pinectical
realization of the Management and Orchestration reference architectaiesSNFV MANQ)At the same time,

large industrial initiatives also aim at the design of an NFV manageandrorchestration architecture (e.qg.,

HP OpenNF5])

23134+ ANJldz-rf bSG@2N] CdzyOQiAazya 6

While the full NFV architectural framework is still evolving, some vendors have already produced commercial
NFV solutions in the forraf Virtual Network Functions (VNE&g. software implementations of network
components (and protocols) that can be instantiated and managed on top of COTS hardware. NEC has already
announced its OpenFlow base&PC (Virtualized Evolved Packet CaVE andvS/RGW) and vMVNO

GW solutions

I+
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Based on a unified air interface technical framework, 5Gheibuilt upon anew air interface (including low
frequency and higifirequency branches) arttie 4G evolution air interface, andill be powered by a group

of key technologies such as novel multiple access, massive MIMGdettse networking, and adlpectrum

access. By flexibly configuring technical modules and parameters, the optimized technical solutions can be
derived for speific scenariosincluding seamless wide area coverage, figpacity hotspots, low-power,
massiveconnectvity, and lowlatency highreliability, to fully meet the requirements of mobile internet,

open Access network requirementnd 10T irthe year 2020and beyond.

3 http://www.nec.com/en/global/solutions/tcs/nfv/index.html
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DUPLEX: TDD, FDD, Flexible-Duplex, Full Duplex

WAVE: OFDM, FBMC, UFMC, F-OFDM

5G technologic
framework

ANTENNA: Massive MIMO, Centralized/distributed

MULTI-ACCESS: OFDMA, SCMA, PDMA, MUSA, NOMA

MCS: Polar codes, M-ary LDPC, APSK, Network coding

Figure6: 5GAIr InterfaceTechnologies

5G will support not only traditional OFDMA, but also some novel multiple access schemes including SCMA,
PDMA, and MUSA, which can support more connections and improve speefficiancy via multuser
superposition transmission. Moreover, the air interface latency can be significantly reduced byrgegat
mechanism that eliminates the dynamic request and grant signaling overbeatBntion access.

In terms of modulation ad coding 5G needs to support various services such as high data rate, low data rate,
small packet, low latency, and high reliability. For kiglte-rate services, Mary low density parity check

(LDPC), polar codes, and new constellation mapping, andféwste Nyquist (FTN) can further improve link
spectrum efficiency, compared with traditional binary Turbo codes and QAM. Featdtaarate and small

packet services, polar codes and low code rate convolutional codes can be used to appec@bannon

capaity in the cases of short code length and low SNR. For low latency services, the coding schemes with
fast encoding and decoding algorithms are preferred. For-Night A F 6 Af AG& &aSNIBAOSax (il
decoding algorithms needs to be avoided .addition, there may be a number of wireless backhaul links in
dense networks, the system capacity can be increased by network coding.

Massive MIMO will be utilized in 5G systems. Each base station can be equipped with more than one hundred
antennas and dzens of antenna ports, which can enable advanced raoglr MIMO to support more users

in the spatial domain. As a result, system spectrum efficiency will be improved by several times. Massive
MIMO can also be used in hiffiequency bands to overcome laagath loss by adaptive beam forming. For

the application of massive MIMO, the reference signals, channel estimation, channel information feedback,
multi-user scheduling mechanism, and receiving algorithms need to be improved and optimized.

The air interfae protocol of 5G needs to support various advanced scheduling, link adaption, and multi
connectiors. The protocol is capable of being configured flexibly to meet the requirements of different
scenarios, and efficiently supporting radio access technolagahsding the new air interface, 4G evolution

air interface, and WLAN. To reduce the signaling overhead of massivepsiadt services, the graifitee

access protocol can be employed to simplify signaling interaction procedure between base stations and
terminals. As a result, access latency will be reduced greatly. The adaptive hybrid automatic repeat request
(HARQ) protocol of 5G should match different service requirements in latency and reliability. In addition, 5G
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should support more efficient eneregaving mechanism to meet low power consumption requirements of
loT services.

~
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As mentioned in the previous sections, 5G evolution distinguishes fré@i3 several aspects:

9 It does not focus only on RAT, but also on core netwadtugion

1 5G includes mainly 3 use cases categofieEnhanced Mobile Broadband; (i) Massive Machine Type
Communications; and (iii) Ultreeliable and Low Latency Communications

91 Iltintegrates loT and addresses several verticalghig@utomotive and &ctorysectors

This new ambition of fully integrated framework broadens considerably the complexity of standard work and
the number of StandamiDevelopment Organisations (SDOs) and fora to involve in the process. As 5G
architectures will gather differerdomains (mobile/fixed/satellite, licensed/ unlicensed, 10T), the main SDOs
identified are 3GPP, ITR, ITUT, ETSI IETF/IRTF, IEEE, ONF, BBF, Open source projects (Open Daylight,
OPNFV, Open Stack), oneM2M.

In a first step, 5G work is ongoing mainly i Bhd 3GPP/ETSI; roadmap on verticals standardisation is not
yet fully defined as it addresses more S2@d foras. IETF is the reference organisation for all internet
protocols and sets agreements with ITU (through ISOC) on the matter of 5G.

Three phasebave been identified so far in 3GPP and ITU: a phase that has already started and will continue
for another 2 years, in which various aspects of 5G are or will be studied, an 'early 5G' specification phase
for prioritised 5G features, with main focus2017-2018 and a 'full 5G' specification phase in 2Q039.

3GPP has defined and started several work items on 5G: in SAL (identification of 5G us&ReR6€515
channel modelling and 5G RAN study)d SA2 (5G architecture study).

ETSI besides ongoiftgchnical committees has an ISG (Industry Specification Group) process well adapting
to emerging R&D ideas which need to mature for standardisation. Current ISGs in progress dealing with 5G
are:

ISG MEC (Mobile Edge Computing)

ISG NGP (Next Generation ails)

ISG NFV (Network Funct®virtualisation)

1 ISG ONFV (Open Source implementations of NFV)

= =4 =4

ETSI has close links with 5GPPP and hosts regular woslsloyder to define new activites related to 5G.

IETF has obviously ongoing work related to 5G aasfamternet protocols are concerned. Additionally, IRTF
is a natural assembly to mature research ideas which lead to future standardisation. Groups of interest for
5G are ICCRG, ICNRG, NFVRG, NWCRG, SDNRG, T2TRG.

IoT integration is a major challenge asumber of proprietary implementatiohare deployed already or
under deployment, and additionally 10T gathers a number of different use cases, verticals and business
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models. Although 3GPP now includes IoT in its requirements, maneSh SDOs and fora aagtive in the
loT field.

An Alliance for 10T Innovation (AIOTI) has beerupetith the support of the European Commissiorithw
the goakto:

1 Promote an interoperable 10T numbering space that transcends geographical limits, and an open
system for objectdentification and authentication

1 Explore options and guiding prinép = Ay Of dzZRAYy 3 RS@St 2LIAyYy3 &0l yRI |
end security, e.g. through a 'trusted IoT label'

f Promote the uptake of l1oT standards in public procuremiardgrderi 2 F @2 AR f 201 mMAYy X
area of smart city services, transpamd utilities, including water and energy.

Some topics are identified already by SDOs or 5GPP&adard group in the short/medium work ahead:

1 Uses cases: among the 3 use cases categories, more than 50 use cases have been identified by SA1;
no prioritisation of the use cases has been agreed yet, although enhanced mobile broadband has the
preference currently

1 Channel modelling beyond 8Hz is ongoing and should be finalised rapidly as previous results
alreadyexist

1 RAN technologies: 3GPP RAN workimygs are starting evaluations of technology solutions. The
topics identified are: New Carrier, new waveform, massive MIMO enhancements, latency reduction
techniques, mmWave communications, Rorthogonal multiple access, adaptive/flexible frame
structure, cell virtualization (€RAN), usecentric (NFV/Slicing, RAN virtualization), ulfiense
Network, Advanced MIMO/beam forming, Focus on TDD, less network broadcast, reduced or no
periodic transmission, Flexible Duplex, symmetric UL/DL PHY (e-@FM®), eRD, small cells,
dynamic TDD, wireless Mesh (D2D)

1 Security and privacy: mechanisms for virtualisation and slicing opens new flexibility to providing
access to the network by different stakeholders, and therefore create new privacy and security issues.
Addtionally, as 5G gathers different domains with their own legacy solutions, harmonisation and
interoperability between the different security frameworks will be neeped

1 Mobile fog computing / distributed mobile caching are topics under identificationdislission in
5G standard workshopand ETSI is investigating whether these topics can lead to the creation of
new work item in existing bodies like the MEC ISG, or if a new ISG should be;created

1 New paradigms like Informatiecentric network or contetxcentric networking are addressed by
IRTF ICNRG

In conclusion, SDOs and forare starting to be active and are definintheir agenda towards 5G; the
challenge ahead is to ensure coordination and harmonisation between these different activities and
interoperability between the different emerging solutions.
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It is early in the development cycle for 5G. The first 5G networks are not expected to launch until 2020 (for
the Tokyo Olympics) and it will be 2025 bef&® is a mainstream proposition. However, to bring a new
generation of wireless technology to the massrket is a colossal undertaking that requires R&D
collaboration, partnership and edevelopment. Therefore, from a technology and R&D perspective, riee ti
to invest in 5G is now. Facilitating collaboration in the US, &d,Asig and contributing to industry
awareness of emerging 5G requirements and specifications, is the objective ®Becosystem.

Both vendors and teleconae startingtheir prepardions, infrastructure adoption and IOT (interoperability
testing).

Verizon's early 5G tesfd46] hint at veryfast network speeds topping 18k's and the ability to transmit 4K

video whikt on the moveThe operator, which iaducting its 5G tests with partners Cisco, Ericsson, Nokia,
Intel, Samsung and Qualcomm, also revealed that it is on track to commercially launch 5G as early as 2017.
+SNAT 2y Q4 pD G(S&aida AyOfdzRS 020K FTAESRRNtS ghRathotho At S
residential and commercial buildings. The tests, which are being conducting with various parclede

various teclmologicalinnovations such as using antennastli® millimetre wave and centime& wave
spectrum; beanforming, beam traking and massive MIMO (multiple input, multiple output); and the
deployment of flexible antenna form factors including millineatrave antennas.

According to CNET, Verizon is testing 5G in five cities: Euless, Texas; Hillsboro, Oregon; and Piscataway,
Bridgewater and Basking Ridge in New Jersey. Qldgdlso said that select customers will be able use
commercialgrade 5G equipment next year.

Samsundnastested 360degree virtual reality using Samsung's GeafAR The compay livestreamed 17
independent video feeds to Samsung Galaxy phones using the Gear VR. In addition, Samsung used Verizon's
FiOS wired network coupled with a 5G hybrid adaptive arrange antenna radio to deliver 5G speets over
millimetre wave spectrum. Sasung also said it was able to transmit 4K video in a moving vehicle using
automatic beardfforming MIMO technology.

Ericsson tested beatforming and beam tracking features on Verizon's 5G i8], andwas able to deliver
10-Go/s peak throughput during its trials. The company used its 5G radio prototypes mounted outside to
deliver highdefinition video streaming to devices located indoors.

Cisco within the collaborations with Intel and Ericsson is developing a 5G router foon/&business and
residential services.

Nokia is conducting 5G field trials on Verizon's live DaltssWorth metroplex network. The tests are being
done outdoors and in a residential area. One use case included replacing a wired broadband conriction w
a wireless broadband connection to a residential and commercial building. During that test the company was
able to deliver 4K video to multiple eagser devices.

Geography and Alliances: Verizon appears to be working closely with its Asian countemf&@&s perhaps
in the hope of escalating its deployment. The company announced it has formed a new global initiative called
the 5G Open Trial Specification Alliance with operators KT, NTT DoCoMo and SK [B8eddns alknce
plans to develop a 5G trial specification for 5G trials around the world. It will focus on 5G radio interface tests.
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One primary goal is to provide the wireless industry with the ability to test and validate key technical
components. The operators inlwed in the group say they are already coordinating their activities.

Other alliance working in similar directions is the Next Generation Mobile Networks (NGMN) Alliance. The
NGMN, which includes wireless executives from AT&T, U.S. Cellular and Vewetiraa®perators globally,

is working on 5G research, frequency planning and business principals as well as creating a 5G patent pool
framework. The group recently announced a cooperation agreement with technology and solutions
development group ATIS,dhAlliance for Telecommunications Industry Solutions.

Network technologies: Next Generating network is raisheyspeed both on FO (FiOptics) and Copper.
XGPON, 25/40/50/100G Ethernet, G.fast all hidneegoal to improve infrastructurén the core andaccess.
Broadcom, Marvell, Intel (by Lantiq), Mellanox, MediaTek are all involved in High Speed Optical network
development. G.fast presented today with BRCM and SCKIPIO; 25/50Gbps Ethernet by Mellanox, all big
vendors have stated pushingdnmarket ther 100-Gl's solutions.

Cloud solutions: Cloud has been chosen by Operatotheasnvironment for SDN/NFV infrastructure to
provide a better service for the 5G customers. Currently vendors are trying to develop new standards and
make tests. During the IaSIDN/NFV show in Paris (March 2016) there were many Vendors presiatir
commercialy-ready NFV/SDN Orchestrators, with NFs (Network Functions) running for EPC (VEPC) and CPE
(vCPE). Nokia, Ericsson, Cisco, HP, Huawei and many others are using Gpamjstas to develop their
products with full Orchestration, Management and trying to test interoperability of Network Functions (NFs).

Some indicativetate-of-the-art Virtual Products by Category are presented below:
VCPE examples

ADVA: Optical Neorking: FSP 150 ProNID, FSP 150 ProvVM

Aricent: Aricent SDN, NFV and Cloud

Brocade: Brocade 5600 vRouter and Brocade SDN Controller

Cisco Systems: Cisco Virtual Managed Services Solution

Ericsson: Ericsson's Virtual Enterprise Gatew&MAE

Hewlett Packard Enterprise vVCPE Solution Showcase

Juniper Networks, Inc: Virtual CPE

RAD: ETX IP and Carrier Ethernet NID/NTU vCPE Platform

Tech Mahindra: Nexten Virtual Residential Gateway

VMware: VMware vCloud NFV & vCenter(¥IM) in multivendor vCPE solutions
VNF and Supporting Infrastructure

6Wind: 6Wind Turbo Appliances

Accedian Networks: SkyLIGHT VCX Controller & vCPE Performance Modules
- Amdocs: Network Cloud Service Orchestrator

Ciena: Blue Planet NFx¢tlestration

CHARISMADS5.4¢ v1.0 Page21of 60



Metaswitch Networks: Perimeta
Qosmos: Qosmos Service Classifier

Saisei Networks: Saisei Flow Command
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In this section the CHARISM&ion is described based on thehievementaip to now Within a few months
impressveresultshave already beeachieved thanks to the intensiemllaboration of expertfrom different
stakeholders within the consortium.

CHARISMA started withe architecture definition by working out requirements bgnin-depth analysis of

some spedic 5Guse cases. With the use cases we focused on scenarios which today cannot be served
satisfactorily, but require new 5G features, in particutigh Data Ratd,ow latency, Security, and Open
AccessAn overview othe use cases and requirements iveaji in theTablel below (see D1.1 for more
detail.)

Tablel: Requirements derived from 5G Use Cases

Requirement >
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Use case I|alaja|ja|ln|<<|<|<|O0|m| 2|00
Highspeed railway service X | X X X | X X X | X
Vehicle Platooning and Collision Avoidance X X | XX | XX | X X | X X
Service continuity in public buses X | X X X X
Big event X X | X X
Emergencyevent (firefighters) X X X X
Factory of the Future (IoT) XX X | X | x
Multi-tenant Access and Video Broadcastin¢g x | x X X X | X X
Remote surgery X XX X
Smart Grid XX XX | XX X | XX X

Looking at the abov&ablelitcanbeseei KI & (G KS YI Ay NXBI dzA NIStwaBquakyE ¥ NB A
low latency, low packet loss rate, seity, reliabilityand availability. Content cachiagd hierarchical routing
(seebelow) aremeasuresto achievenetwork quality, in particulatow latencyand improved securityTask

force teamdhave beerninstalledin the CHARISMA projeict tackle thesdopics.

Also essential ithe categorydnetwork flexibilityé Y 2 LISy | -t@n@d, dlynamic Yaidigiradtion and
adaptation to user needs. The extreme use case here is Emergency Event, vésdrerirtimea 5Gnetwork
infrastructure must be created wthh was not available before. The Big Event use case shows the need for
the separation of physical network infrastructure and service creation. For example, a stadium/ arena which
Ad dzaSR F2NJ aLRNIa& | yR OdzZ G§dz2NE S O SeedomnvunicatiodS 0 dzA
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infrastructure, base stations, antennas, cabling network cabinet switchingnodes.Depending on the
event type different operators vill temporarilyrent the equipment and create virtual networks.

To support these independent needs ARISMAS creating two orthogonalstructures network slicing for
virtualisation and QoS layers to support network quality. For the lggi@rtner InnoRoute has introduced a
QoS concept derived from the former FP6 project MUBEreates three additioraervice classes departing
FNRY G(G2RIF&Qa . Said ammim@neiinfighratibri Gne $ingl& palaiNge) theRGhid@ranteed
Bandwidth, must be managed by tinetwork. Fixed amounts of Guaranteed Bandwidth can be distributed
to the virtual networkslices, thereby assuring independencelaf QoS measurefor different slices.

Next stepsDemonstrations already plannedday for the end of the first yeaiKey topics will be verified at
early stage angbossibleshowstoppers detected and resolvedtime.

Thefinal demowill not implement the above use caseésreal life simulation on emergencyusecase or
systems installed on high speed trains is beyond the scopsuch a technologyoriented projectas
CHARISMANstead, we wilmake it plausite thatthe CHARISMA technologyable to fulfil the needs of
these applications. For that aim we will demonstrate fast reactiagtile Cloud applicationsToday
everybody experiences Cloud services as slow. Not only privatepfic®argenetwork drives are slowbut
also users of professional Cloud services complain about annoying waiting times. Po§tEdgsson has
proven that these can cause measuraivlereases imuman stressevels CHARISMA final demo will relieve
the stress by providing itentaneous reaction times for Cloud services.

While the final demonstration cannot be describeddetailas yet in this deliverablesome highlights are
listed here, followed by key innovationghich will be achieved by partners to enable the demo:

1 OFIM PON system with 10G access ports
60 GHz access link remote access point (CALITCAL?2)
2-level content cachingt CAL1 and CAL2

Ultra-low latencyrouting inoperativeaccess network

=A =4 =4 =N

Ultra-low latency routing at European level bynterconnection of twoaccess networks via
hierarchical routing(and Layer 2 links)

1 Dynamic, fast creation @ virtual network with special QoS servideor examplgive creation of a
video content delivery network consisting of a rem¢a¢ Telecom Sloveniand a neafat Apfutura)
video server and clients.

T 5SLX28YSyid 2F ySiég2N] aSNDAOSE NBtIGSR G2 aSOc

services. The type of services deployed will be based on the security policies set by the VNOs.
CHARISMA will target tteitomated configuration of these services depending on thgoimg
security attacks.

1 Demonstration ofCloud applicationgithout noticeable delayor both local and remote services.

4www.istmuse.eu
5 http:// www.ericsson.com/res/docs/2016/mobilityeport/emr-feb-2016the-stressof-steamingdelays.pdf
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i Field trial in a commercial environment.
Expectedkey achievementsf partnersfor the final demo:

Ethernity Network§ETH)high speed network interface card with customised accelerators

InnoRoute TrustNode HW platformaptimized forCHARISM®ith support of network slicing and QoS, in
particular ultralow latency, hierarcical routing and dynamic flow acceleration

JCPCCHARISMptimised caching router
UEssex60GHz wireless transmission system
HHt OFDM PON with 10G interfaces

Network operatorstemporary support of CHARISMA features in their operative networks andotemyp
interconnection via Layer 2 resources.

Ericsson5G Network Automation, with focus on Security Management aspects.

NCSRLCExploitation of key benefits of SDN and NFV technologies, such as the abilitydemand
dynamic provisioning of serviceadalso, adaptation to changes through automated network management
to demonstrate how security threats could be addressed in 5G networks.

i2CAT Leveraging its expertise MFVorchestrationtools, infrastructure management and network
virtualisation.
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5G networkng s comng with the promise of providing an ultraigh speed, ultraeliable meas of
communication that will interconnect everything providing high economic and social vahgexpectation
is that5G will unlock value in ways thate difficult to foresee at tle moment. In addition, the hope is that
the new technologies and architecturbsingintroduced will provide a rangef new opportunities for both
traditional and new actors the networking sectar

It is well understood thatuture network defpoyment is driven not only by technical innovatiobst alsoby
economic and societal parameters. In order to ensure that this next generafi®&® networking drives
innovation, promote societal benefits and providea viable economic solution for theommunications
industry, a clear technology, economic and regulatory roadmap is needed.

The 5GPPP has identified a series of requiremeantd KPI§50]for 5G networking, wheralthoughthey are

all are desiredit is also undestood thatnot all of them can be achieved simultaneously. Depending on the
network design and configuration for any particulese casethere are different requirements that can be
met by different technological solutionf this context, lhere are adt of initiatives and projecthat are
addressing the requirements with different approachese as to satisfy all the various anticipated 5G use
cases

The purpose of theoadmapping activity withitthis workpackag&VP5 othe CHARISMprojectis toidentify
theseneedsandrequirements and thus makéhe challenges become clearer. In order to achieve this goal a
survey using th&uzzyAHP methodasalsobeenconductedwithin the project The survey reveagxpert€
vision regarding the significance tfie critical factorsanticipated to influencethe introduction and
acceptance of 5&chnologysolutions.

The scope of this study is to provide guidance both to CHARISMA pathesdl ago other stakeholders
involved in theresearch and developmentf ®G networkng. By havingpossession ofhis guidance aan
early stage, stakeholders will hawebetter opportunity to adjust theirtechno-economic and business
strategiesso as to bettetake advantage of the higtopmmercialpotentials that 5Gis offering.

32.550AaA2Y YI U ANYWNIAESAY2NJ G KS

TheAnalytic Hierarchy Process (AHP) was proposed and developed by Thomd§ B aathe early 1970s
mainly for military purposessuch thatAHP can be considered to ba multicriteria decision making
methodology AHPhas beenextensively usedver the years tacover variousapplication areassuch as
education[52], engineering53], industry[54], manufacturing55] and resource allocatiofb6]. Recently,
AHPhas also beerwidely used for selecting and ranking alternatives in the fieldnédrmation and
Communicatios Technologies (IGT57]-[60].

Analytic Hierarchy Processa structured technique for dealing with complex decisidresed upom rational
and comprehensive framework for decomposing an unstructured complexlgolinto a multilevel
hierarchy of interrelated criteria, sutriteria and decision alternatives. By incorporating judgments on
gualitative and quantitative criteria, AHP manages to quantify decision makers' preferenceselathe
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priorities ofthe criteria, subcriteria and alternatives are finally reached &ynathematicabombiningof all
thesevariousjudgments.

. Prioritization

‘Questionnaires
- Conduct
-Distribute
.Problem -Collect
formation and
Hierarchical
modeling by
experts

Figure7: Analytic Hierarchy Processteps

Figure? illustratesthe required steps oAHP In the first step, the problem that will be investigatedressmed
(i.e. its formation articulated)vhile the criteria and sukcriteria contributing tothe2 6 2 SOG4 A @S Qa &l
are determinedthrough interviews and/or group discussions with expefhe multilevel hierarchyis then
constructed Figure8), consising of three levels. In the first level, the objectiuader investigations shown
In this work, thefactors affecting the adoption and evolution ¢tie CHARIBA architecture and 5G
networking in generadre beingexamined In the next level, the criteri&Gk with kI' M = N anXNethe total
number of criteria, participating in the decisiomaking process are determined@he citeria should be
general enougho incorporate several features resulting in a rough descriptionhaf objective In the lower
level, criteria are further analyzed into their sahiteria SCg, wherejl’ m = M@ ] is the number of sub
criteria under criteriork. Subcriteria represent specific feature characterizing a criteridgentification of
criteria and sukcriteria is accomplished based on the focus of their preferential independence.

Objective Objective

Criteria Cr;
i=1,2,..,N

Sub-criterion | Sub-criterion |

Sub-criterion
SCr

J=1,2,.M SCryy S5Criy SCryz 5Cryp SCrpn

Sub-criteria SCry Sub-criterion | Sub-criterion | Sub-criterion

Figure8: Multi-level hierarchy of interrelated criteria and subriteria
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Once the hierarchical structurbas beenconstructed andthe criteria and sukcriteria determined,
appropriate questionnaires argeatedand distributed to experts (step )r them to fill in The procedure
hereis basedipon systematicpairwisejudgments ofthe experts from the second to the lowest lewalthe
hierarchy In each level, the criteria (sttriteria) are compared paivisely according to their degree of
influence and based on the specified criteria in the higher level. The dedaobgparisons are performed
using thestandardizechine levelsscaleshown inTable2.

Table2: The Saaty Rating Scale

.I RN @) Definition Explanation
importance _
1 Equal importance The two criteria ontribute equally
3 Moderate importance Experience and judgment fawoone of the criteria
5 Strong importance A criterion is strongly fawged
7 Very strongmportance A criterion is very sbng dominant
9 Extreme importance A criterion is favared byat least an order of magnitude
2,4,6,8 Intermediate values Used to compromise between two of the above humbe

The set of pairwise comparisons on tRecriteria results in amN x N evaluation matrixA=[A;] in which the
elementsA; (>0) representhie relative importance of criterio@f ascompared toCr. It should be noted that
Ai=1 foralli, while the matrix A is symmetrical across the main diagaqriaht isA;i=1/A;. The same steps are
followed regardinghe sub-criteria of each criteriotk, and the results are summarized in a simitzatrix to
A, calledA..

The last steffstep 3)towards the evaluation of the objectives is the estimatiothafcriteria and sukcriteria
weights,wi and sk respectively.This requires the calculation of theipecipal eigenvectov=[w] (or u=[ui])
that is the eigenvector corresponding to the maximum eigenvale(principal eigenvalue) of matrix (or
Av). The weights athe criterionk and ofeach ofits subcriterionj are given by:

Vk

W = 1)
av
i=1
u.
Sy = Mklk (2)
é uik

i=1
whereN and M is the number of criteriand subcriteria of criterionk respectively.

It is well recognised thaAHPcan be highlgubjective and inaccuratenainly due tdts inability to adequately
handle the inherent uncertainty and imprecision associated with the mapping décisionmakerQ a
perception to exact numbersin this case, theFuzzy Analytic Hierarchy Proces¢FAHP) an
extension/improvement of the AHMethodology has beerproposed[61]-[63] as a meaato addresshis
uncertainty. Fuzzy numbers are used in order to model the relative importance of criteria andrisetia.

Let A represent a fuzzified reciprocalxN-judgment matrix containing all pairwise comparisons between
elementsi andj for alli,jI (M £ HNx X X
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where Eji = aj}l and allaj are fuzzy numberslThe use ofuzzy numbersas answergvague omparisons)

although increasing the prossing complexityprovides for more accurate and meaningful resuls.fuzzy
weight for each criterion and sutriterion isevaluated while crisp weightsanalsobe obtained througtthe
defuzzification process.

Fuzzy numbers ar@part of the fuzzy sets theory, introduced by Zadé#] as a modding tool for complex
systemsunder uncertainty In fuzzy ses, grades of membershim [0, 1] are assignetb objectsthrough a

membership finction >4(X). As shown inFigure9, in the special case dfiangular fuzzy numbe, the

membership is defined by three real numbeltsiq, u), wherel is the lower limitm the most promising and
u the upper limit valueln the limit,| =m =u, fuzzy numbers become crisp numbeEs;. 4) describes the
membership function ofriangular fuzzy numbers.

Figure9: Triangular fuzzy numbersmnembership function.

geu, xi i, m|
an- |
CFy-x
”A(X)—gj_—m’ Xl [m,u] 4

®
0, otherwise
¢

Assuming thaiMi=(1, m1, u1) andM2=(», my, Uy) are triangular fuzzy numbers, the operations on them can
be:
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Addition: M, A M, = (I, +1,,m +m,,u, +u,) (5)
Multiplication: M, A M, = (I, &,,m Gn,,u, G,) (6)
Inverse M;* =(I,,m,u,) " = -t ilg (@)

C*1 m I1+

After collecting the fuzzy judgment matrices from all decision makers, these matredkenaggegated.
An approach is to combine the fuzzy pairwise comparisons using the following algfg8hi5]:

° J/K
: aX
ly = mln(“k) =% mjk Uy = max(uijk) (8)
k 1
where (ik, Mik, Uik) IS the fuzzy evaluation ¢fie sample member& (k= 1,H ¥ KXIn the case ofa wide
range of upper and lower bandwidth@homogeneousevaluations), min and max operations are not
appropriate usually leading to gery largespan of fuzzy numbsrand allowinghe aggregated fuzzy weights
to exceed thepredefined borders

Therefore the fuzzy geometric mean methd@6]-[68] is used In this case,lte aggregated triangular fuzzy

numberofkRSOA &A2Y YI | SNRQ 2 dgii )3sgienbyy | OSNIFAyYy OF as
é_K 6’LIK & sk &~
li 8 @ M 8 Uy =g Uy 8 €)
Ckat + Ck=1 - Ck=1 -

Geometric mean operations arelso used within the application of the AHP for aggregating group
decision§69].

In order to evaluatehe final weights of the decision elemer{tsiteria and sukcriteria) the popularFuzzy
Extent Angysis, proposed by Chai@fl] isused The first step towards weights evaliat is to calculat¢he
value of the fuzzy synthetic extent with respect to tfi@bjectusing the fuzzy arithmetic operations of egs.
5-7

~ N_ eV _g
S=agAéaasyuy (10)
i=1 é=1j=1 (

I 002 NRA Yy Imeihad, thefpd)sgfbili@éé 2 §2 can be expressed as:

5
ik m 2 m,
i

v(§2§)=lo L2y, (11)
i
i l,-u ,
1 , otherwise
[m-u)-(m,-1,)
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To compare§l and §Z itis necessary to evaluate both veiuofv(.svl 2 §2) and V(§2 2 §1) The possibility
for a convex fuzzy number to be greater tHaconvex fuzzy numbeiS= 6 A K) is Befinedby:
V(§2 §1§2§K)=VK§2 i) and (§2 §2) and...and (§2 §K)J 12)

=minv(S2 §)i=12...k

Through normalization, one camalculate the noffuzzy (crisp) weight vectd, given by:

W:(minv(él2 i) minV(§2 2 §K),...,minv(§N 2 §k))T (13)

Another approach that can be implemented in order to estimate the final weights is the use of the geometric
means method of Buckld$7],[68], where:

AN _ 0
n=2)3§ (14)
cimt =
and
2 N 6'1
W=rAagro,i=12..,N (15)
Ci= ~
Finally, a simple centroid method catsobe used to defuzzify the fuzzy weights:
-1 )+ (u - 1 +m +u
\Ni :|i + (m |I) (ul |I) - I| m ul , | :].,2,...,N (16)

Consistency opairwise comparison ratrices

In order to maintain a certain quality level of a decision, the consistency of the data should also be
investigated during the analysis. It should be noted that the rankexfatrix A (or A) equals to 1 anéma=N

(or My) if the pairwise compasbns are completely consistent. In this case, weights can be estimated by
normalizing any of the columns or rowsAtAL). A consistency indeC was introduced by Saaty in 1977:

/- N
N-1

Cl = 17
where <naxis the largest (maximum) eigenvalue aNds the number of criteria. The final consistency ratio
(CR, showing how consistent the judgments have been relative to large samples of purely random judgments,
is given by:

Cl

CR=— (18

RI
whereRlis the random index calculated as the aver&jacross a large number of randomly filled matrices
using the scale described earlier in this section. The randomemdiic several values &f were calculated
by Saaty[70] and are given inTable3. The consistency ratio should be less than 0.CRfarger than the
tolerable level of 0.1 demonstrates the need tcckide the pairwise comparison matrix of this respondent
for further analysis so as nat affect the overall accuracy of the results.
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Table3: Rlvalues for different values oh
n 1 2 3 4 5 6 7 8 )
RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45
In the case ofuzzy pairwise comparison matrigelere are authors in the literature who do not even verify

their consistency at aJf 1]-[73]. Buckley[67] proposed thatA = [5“ ] is consistent if and only if:
aj A é'-jk ° 511( (19)

where A isthe fuzzy multiplication symbol. In order teduce the complexityand without loss of generality,
authors usuallyverify the consistencynly for crisp matrices whose elements are the middle significant
values of the triangulafuzzy numbers from the corresponding fuzzy pairwise comparison Mjatjx76].
This approach wilalso be used inthis deliverable in order to assess the consistency of ghewise
comparison matricesln asimilarmanner[77], the consitency ratio CR isalculatedfor the crisp matrix

N; = {nij }i’?j where:

n, = M i j=1,...,p (20)

33.5SUSNYAYAYT GKS aSid 2F ONRUISNAL
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In order to identify tke factors that will influence the adoption of 5G netwotke survey was designed in

WP5 by INCITES with the assistance of other paringine CHARISM&onsortium.

In line with the AHP methodologthe followingsetof criteriacovering a wide range ca€tors were initially
defined:

wPerformancgcoveing aspects related to performance enhancements compared to legacy systems)
wBusinesgcoveing economic and financial factors)

wAcceptancdrelatingto the acceptance by endsers and operators)

wrlexbility (relatingto options that 5G will provide operators to deploy new networks)
wTechnologycoveingtechnological options)

Each of these criteriavasfurther broken down into sulzriteria, that are usually indicative attributes that
can be quantifiecdand arecloselyrelated to the criteria.

Regarding théerformancecriterion, five sukcriteriawere therefore identified:

i High data rate increased data rate transmission

1 Low latencyreduced endto-end latency

1 Low energy consumptionimprove energy eansumption in both terminals and
infrastructure equipment

1 High reliability: low number of dropedcalls, increased QoS

1 Increased coveragdn terms of geographical coverage ahe number of devices
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For theBusines<riterion, four subcriteriawere identified:

1 Cost reductionreduction of Total Cost of Ownership (TCO)

1 CAPEX transforming to OPEXove competition from HW to S\lbwering the threshold
for players to enter the market

1 New business model$ntegration oftelecommunicatiometworks and IT domagwill
change the traditional business models and will create chamy&venue streams

1 New market opportunitieswill be presented for new and already existing actors in the
ecosystem, for exampJeompanies that develop software for network functions

For the Acceptancecriterion, five sukcriteriahave been identified:

1 Advanced applicationscreation of new and advanced applications using technologies such
as virtual and augmented reality, introduction of applications that enable Internet of Things
(IoT), Vehicleto-Vehicle (V2V) and machite-machine (M2M) communicatioretc.

1 Ease of network deploymensimplification of how networks are designed, built, deployed,
operated and managed

9 Security and privacyconfidentiality of personal data, trustworth@ss of information flows,
authentication,etc.

1 Regulatory Issuegdevelopa 5G spectrum band plan, net neutrality, promote competition
and investments

9 Health issues and impact on the environmeirpact of radio waves on health, visual
impact on surroundig etc.

For theFlexibility criterion, five sukcriteriawere identified:

1 Compatibility with legacy systemgntegration with legacy equipment and the related
management systemgoexistence with already existing networks

1 Resource/Spectrum sharingntra-system spectrum use, geographical reuse, use of higher
frequency bands, cexistence with new and legacy systems

1 Optimized and more dynamic usage of all distributed resouragsimization of resource
allocation and usagauseof all the underlying infrastrcture resources

1 Selfconfiguration: distributed system architectures that will allow skfaling and self
optimization features

1 Open Acces®nable actors to collaborate in new ways

For theTechnologycriterion, five sukcriteriawere identified:

1 Small ells:will allow the densification ahe network

1 Device to Device (D2D), Ad Hoc, Mesh Networlewv types of communications

1 Software Defined Networks (SDN) and Network Funcsidiirtualization (NFV)decouple
the software and hardware planes, use of coential equipmenin telecom networks

1 Mobile Edge Computing (MEGioving network functions closer to the edge

9 Fixedc¢ Mobile and/or Accesg, Core convergenceconvergence of fixed mobile networks
and integration of access and core netwoitk® a common néavork

The full list of the criteria and tliecorresponding sueriteria is illustratedn the Fgure 10, below
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Objective |

CriteriaCg
i=1,2,.,.N

Subcriteria SCg
F1,2,. M

Factors AffectingG (CHARISMAAdoption and Evolution

Criterion1

Performance

Criterion2

Business

Criterion3
Acceptance

Criterion4

Flexibity

Criterion5
Technology

Subcriteriascy

o High Data rate

o Low Latency

o Low Energy
consumption

o High Reliability

o Increased Coverage
Area and Number of
devices

Subcriteria SCp

o Cost reduction

0 CAPEX OPEX

o New business models

o New market
opportunities

SubcriteriaSC

0 Advanced Apps

o Ease of net deployme

o Security and Privacy

o Regulatory issues

0 Health issues and
impact on environmen

-

Subcriteria SC

o Compatibility with
legacy system

0 ResourcESpectrum
sharing

0 Optimized and more
dynamic usage of all
distributed resources

o Selfconfiguration

Subcriteria SCi

o Small cells

o D2D- Ad HoéMesh
Networks

o SDNand NFV

o0 Mobile Edge
Computing

o FixedMobile andor
Acces<Cor

0 Open Access Convergence

Figurel0: Multi-level hierarchy of interrelated criteria and subriteria
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In this sectiorwe describethe survey carried out within the CHARISMA project in an effort to determine the
importance of the variougriteria associated with 5G networks deployment. The surwegse initially
designed by INCITES CONSULTING and were further refined actmr@iedback fom the rest of the
CHARISMpartners.

Invitations vere sentto all partners within the CHARISMA project in order to haveeh balancedmix of

experts between industry, research institutes and academia from several European countriese(Fran
Germany, Greece, Israel, Luxembourg, Portugal, Slovenia, Spain, United Kingdom). The main expertise of the
people responded lies primarily in the telecommunication technolodgteam thetwenty-two expertswho

initially participated in the survey, sguestionnaires were discarded énconsistentsince their associated
Consistency Ratio (CR) was >0He qiestionnaireswere conducted andompleted during a period of 1

month (15 March 2016 15 April 2016)with the final set of sixteen experts consiiing a sufficient group

size for the purpose d Fuzzy AHBnalysis, aaccording to the literatur¢78]-[80].

The pairwise comparisons were conducted by aAwabed survey/roadmappinglatform incorporating all
elements of tha~uzzyAHP framework wherexperts accesslthe platform and fikd out the questionnaires.

In detail, expertswere asked to determine the (sub)criterion of his/her preference (for every pair of
(sub)criteria) and provide thepper and lower limit of their relative importanc&@he webplatform was
implemented using LimeSurveltips://www.limesurvey.org), an open source tool for web surveys and
hosted by INCITERttp:/incites.eu/poll/index.php/225463?lang=en

The data supplied by the usesmissaved inadatabasge { Ay OS [ AYSadz2NBSe R2SayQi
implementing a fuzzy logic AHP and performing the melecalculationsthe survey designeextracted the
provided data angerformed the pair wise comparisonsing Matlabin order to estimate the weights that
signify the importance of criteriana subcriteria according to Eqgs. ¢03.

An introductory page beifly describinghe AHP method, along with some indicative examplas provided
to the experts upon their access to the platfo(Figurell).
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Exit and clear survey

Survey on 5G networking

.l CHARISMA INCITES

Cornuting SARL

Welcome to CHARISMA's survey regarding the factors that will influence the evolution of 3G networking. Please answer the guestions using the folowing instructions:

Each criterion will be rated according to its degres of relative importance to another criterion within the group in the basis of pair wise comparison. The consistency of replies
wiill b= tested. Please indicate your preference by providing a range [lower bound , upper bound) between 0.5 and 9.5 using the sliders. The scale used to find pair wise relative
importance is anine point scale as follows :

Importance Definition Explanation
1 Egual importance The tw criteria contribute equally
k] Moderate importance Experience and judgment favor one criteria
5 Strong importance A criterion is strongly favored
I Very strong mportance A criterion is very stong dominant
? Extreme importance A criterion is favored by at least an order of magnitude
2468 Intermediate values Used to compromise between two of the above numbers

To deal with vagueness of human thought, the fuzzy set theory oriented to the rationality of uncertainty was introduced. A major contribution of fuzzy set theory is its capability
of representing vague data.

A fuzzy set is a class of objects with a membership function ranging between zero and one. |t was specifically designed to mathematically represent uncertainty and vagueness.
Fuzzy set theory implements groupings of data with boundaries that are not sharply defined (ie. fuzzy).

In this survey, triangular fuzzy numbers (TFM) are used inorder to provide answers. This is the special class of fuzzy number whose membership is defined by three real
numbers, expressed as (I, m, u) where | and u is the lower and the upper limit respectively and m is their middle. This is illustrated at the next figure:

| and u define the limits of the answers: if you are uncertain about your choice the range must be higher. The smaller the range between u and | the biggest the certainty
regarding your answer.

Examples:

If the criteria are C1 and C2 and you select C1:

® An answer of 8.9 - 9.3 shows that C1 has extreme importance and you have high confidence at this choice
# An answer of 4.3 - 8.9 shows that C1 has a strong importance but you are not so certain about your choice
» An answer of 0.9 - 1.1 shows that C1 is almost egual to C2 with high confidence

Figurell: Introductory page of the online survey

The surveyhad a total of 56 questiong able4 presents an analysis of the number of questions in terms of
criteria and sukcriteria.

Table4: Analysis of the number of questions

Numberof
guestions

Description

Criteria Criteria that affect 5G networking 5 10

CHARISMADS5.4¢ v1.0 Page34 of 60



Number of

Type Description Number questions
Subcriteria Related to Performance criterion 5 10
Subcriteria Related to Business criterion 4 6
Subcriteria Related to Acceptance criterion 5 10
Subcriteria Related to Flexibility critéon 5 10
Subcriteria Related to Technology criterion 5 10

Demographic Gender, Sector 2 2

At the end of the survey two more questions were posed about the gender and the sector (academia
research institute, SME or industry) of the participakigiurel2 illustrates the statistics of the participants.

e Academia 50%

L__|SME
[ Industry

25% Men

Women

75%

25%

Figurel2: Statistics of the participants

The questions were formed in a similar wayilkustrated inFigurel3:
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Survey on 5G networking Exit and clear survey

= @ | cHarisma -%’m

Which of the following you believe will be the critical factor for CHARISMA and 5G deployment?
l:lDerformance

(_)Business

Please specify the range describing the degree of importance/relevance:
Lower limit:

[
Upper limit:
@

Figurel3: Indicative question of the survey

35. wsadz 0a FYyR RAAOdzZaaA2Y

In this sectionthe results of the survey concerning the evaluation of the importance of the criterisand
criteriathat affect the deployment obGnetworksare presented and discussethe first step towards the
evaluation of the required weights is to combine/aggregate the fuzzy pairwise comparisons provided by the
experts using edg. (9). As mentioned above, the consistency of the pairwise comparison magges
examined. Six (6) of the twentwo (22) S E LJSjidfneeéits were discarded as inconsistent (CR>0.1).
Furthermore,theCRR ¥ G KS F 3aANBIF GS YI GNRAE A Zhe bdgrdgatedrpairises Ay
comparison matrices for criteria and sghteria are shown iffable5 to TablelO.
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Table5: Aggregated pirwise comparison matrixor Criteria(CRH).1,N=16)

Performance

Performance (1,1,1)

Business
(1.9,2.54,3.13)

Acceptance
(1.98, 2.39, 2.78)

Flexibility
(1.33,1.65, 1.94)

Technology
(2.69, 3.65, 4.46)

Business (0.32,0.43,0.53)

(1,1,1)

(118, 1.69, 2.13)

(0.88,1.19, 1.47)

(1.72,2.23,2.71)

Aeeclozafess  (0.36, 0.44, 0.51)

(0.47, 0.68, 0.85)

(1,1,2)

(114,1.43,1.7)

(2.26,2.71, 3.12)

SS4sA (0.52,0.64,0.75)

(0.68,0.93, 1.14)

(0.59,0.73, 0.87)

(1,1,1)

(1.39,1.7,1.99)

Wl ele)AY  (0.22, 0.3, 0.37)

(0.37,0.48, 0.58)

(0.32,0.38, 0.44)

(0.5,0.62,0.72)

(1,1,12)

Table6: Aggregated pairwise comparison matrix f&@ub-criteria of Performanced / w

Low energy

X ndmz b

Increased

High data rate Low latency consumption High Reliability Coverage
High data rate (1,1,12) (0.44,0.53,0.6) (2.1,2.88,359) (057,0.73,0.87) (1.64,2.09,2.49)
Low latency (1.66, 2, 2.28) (4,1,1) (311,3.71,4.24) (1.59,191,221) (242, 298 3.49)

Low energy

. (0.28,0.38, 0.48)
consumption

(0.24,0.28,0.32)

1,1,1)

(0.52, 0.69, 0.84)

(1.24,1.6,1.93)

High
Reliability

(114,1.46,1.76) (0.45,0.55,0.63) (1.19,1.57,1.93)

(1,1,1)

(1.84,2.29, 2.68)

Increased

Coverage (0.4,0.51, 0.61)

(0.29,0.35,041) (0.52,0.67,0.81) (0.37,0.46,0.54)

(1,1,12)

Table7: Aggregated pairwise comparison matrix f@ubcriteria of Busines® / w X ndmZ b

Cost reduction

Cost reduction

CAPEX transforming tc

New business

NEANEE

CAPEX transforming
to OPEX

OPEX models opportunities
1,1,1) (0.95,1.17, 1.37) (0.81,1,1.17) (0.69, 0.85, 0.99)
(0.73, 0.9, 1.05) 1,1,1) (0.71, 0.911.08) (0.5, 0.64, 0.76)

New business modelq

(0.85, 1.06, 1.24]

(0.93, 1.18, 1.41)

(1,1,1)

(0.42, 0.51, 0.6)

New market
opportunities

(1.01, 1.24, 1.46

(2.31,1.67, 1.99)

(1.68, 2.03, 2.35)

1,1,1)

Table8: Aggregated painise comparison matrix foSubcriteria of Acceptanced / w

Advanced
Applications

Ease of
deployment

Security and
privacy

Regulatory
issues

X ndmz b

Health issues
and impact on
environment

Advanced

Applications (1L.1.1)

(0.83,1.08,1.29) (0.42,0.55, 0.66) (1.08 1.37,1.64)

(16, 2.03,2.41)

Ease 6

deployment (0.77,1.01, 1.21)

(1,1,12)

(0.57,0.71,0.83)

(1.5,1.84,2.15)

(148, 1.99, 2.42)

Security and (1.51,1.98, 2.37)

privacy

(1.21, 1.49,1.75)

(1,1,12)

(2.12,2.54, 2.92)

(2.73,3.52, 4.23)

Regulatory
issues

(0.61,0.78,0.93) (0.46,0.57,0.67) (0.34,0.41,0.47)

(1,1,2)

(0.99, 1.34, 1.65)
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Health issues
e RlgleE@ieal (0.41, 0.52,0.62)
environment

(0.41, 0.56, 0.68)

(0.24,0.3,0.37)

(0.61,0.82, 1.01)

(1,1,2)

Table9: Aggregated pairwise comparison matrixf&ubcriteria of Flexibilityo / w X ndmZ b

Compatibility
with legacy
systems

Compatibility
with legacy
systems

(1,1,12)

Resource
/Spectrum
sharing

(0.94,1.25,1.53) (0.32,0.41,0.49) (0.45,0.58,0.69) (0.41, 0.55,0.68)

Optimized and
more dynamic
usage of all
distributed
resources

Self
configuration

Open Access

Resource
/Spectrum
sharing

(0.65, 0.87, 1.06)

(1,1,12)

(0.84,1.1, 1.34)

(165, 2.04, 2.41)

(0.53, 0.7, 0.85)

Optimized and
more dynamic
usage of all
distributed
resources

(2,04, 2.62, 3.14)

(0.74,0.98, 1.19)

(1,1,12)

(2.17,2.67,3.13)

(0.98, 1.25, 1.5)

Self

configuration (1.45,185.22)

(0.42,0.51, 0.6)

(0.32,0.39, 0.46)

(1,1,2)

(0.65,0.81, 0.97)

Open Access (1.48,2,2.47)

(117, 1.55, 1.87)

(0.67, 0.85, 1.02)

(103,13, 1.54)

(1,1,12)

Tablel0: Aggregated pairwise comparison matrix f@ubcriteria of Technologyd / w X n dmZ

Small cells

Small cells (1,1,2)

D2Dc Ad
Hoc/Mesh
Networks

(0.55,0.73, 0.89)

Software

Defined
Networking
(SDN) and NFV
(0.23,0.3,0.36)

Mobile Edge
Computing
(MEC)

(0.56, 0.74, 0.9)

FixedMobile
and/or Access
Core
Convergence
(0.44,0.57,0.68)

b

D2Dc Ad
Hoc/Mesh
Networks

(112, 1.49, 1.81)

(4,1,1)

(0.46, 0.6, 0.73)

(0.72,0.94, 1.15)

(0.6, 0.82, 1.03)

Software
Defined
Networking
(SDN) and
NFV

(2.76,3.59, 4.33)

(1.37,1.79,2.19)

1,1,1)

(1.85,2.5,3.09)

(1.17, 1.55, 1.88)

Mobile Edge
Computing
(MEC)

(112, 1.47, 1.79)

(0.87,1.14, 1.39)

(0.32,0.44, 0.54)

(1,1,2)

(0.87,1.15, 1.4)

FixedMobile
and/or
AcacessCore
Convergence

(1.47,1.88, 2.25)

(0.97,1.33, 1.67)

(0.53, 0.7, 0.85)

(0.72,0.95, 1.15)

1,1,1)
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Using the above aggregated fuzzy comparison matrices one can easily estimate both fuzzy and crisp weights
prioritizing the criteria and subriteria. The derived results are showelowin Tablell.

Tablell: Fuzzy and Crisp Weights of Criteria and Sukeria

Criteria(G) / Sub-criteria (SG) Fuzzy Weight Crisp Weight
C.: Performance (0.256, 0.362, 0.513) 0.3622
SCu:High data rate (0.148, 0.206, 0.284) 0.206
SCi12: Low latency (0.278, 0.368, 0.492) 0.368
SCis: Low energy consumption (0.081, 0.114, 0.157) 0.114
SCus: High Reliability (0.156, 0.215, 0.295) 0.215
SCis: Increased Coverage (0.071, 0.098, 0.134) 0.098
G: Business (0.136, 0.201, 0.292) 0.2012
SCo2i: Cost reduction (0.181, 0.239, 0.317) 0.239
SC22: CAPEX transforming to OPEX (0.151, 0.203, 0.272) 0.203
SC23: New business models (0.161, 0.215, 0.285) 0.215
SC24: New market opportunities (0.259, 0.343, 0.456) 0.343
G Acceptance (0.129, 0.181, 0.255) 0.181
SCa1: Advanced Applications (0.141, 0.198, 0.277) 0.1981
SCs2: Ease of deployment (0.155, 0.217, 0.302) 0.2166
SCass: Security and privacy (0.25, 0.344, 0.477) 0.3441
SCas4: Regulatory issues (0.098, 0.135, 0.188) 0.1351
SCss: Health issues and impact on environment (0.074, 0.106, 0.15) 0.1061
Ci: Flexibility (0.119, 0.166, 0.234) 0.166
SCa1: Compatibility with legacy systems (0.09, 0.13, 0.185) 0.13
SC42: Resource/Spectrum sharing (0.139, 0.199, 0.283) 0.199
SCas: Optimized and more dynamic usage of all distributed
resources (0.204, 0.286, 0.404) 0.286
SCaa: Self-configuration (0.106, 0.147, 0.206) 0.147
SCus: Open Access (0.167, 0.238, 0.339) 0.238
Cs: Technology (0.064, 0.09, 0.127) 0.089
SCsi1: Small cells (0.077,0.112, 0.164) 0.112
SCs2: D2D i Ad Hoc/Mesh Networks (0.114, 0.168, 0.248) 0.168
SCss: Software Defined Networking (SDN) and NFV (0.235, 0.344, 0.505) 0.344
SCsa: Mobile Edge Computing (MEC) (0.119, 0.175, 0.257) 0.175
SCss: Fixed-Mobile and/or Access-Core Convergence (0.136, 0.2, 0.294) 0.200

3.5.1.Weighting of Criteria

The results cacerning the weights of the criteria that affect 5G network deployment are showialihell

and illustrated irFigurel4. It is interesting to note, that according to the opinion of the expgrésformance
criterion is the most important one to take into account as its weight reaches 0.36 (or 36%). This is also a
confirmation of the fact that previous technologies have reached a limit in their performance. Thus, both
public and experts are waiting forreew technology in order to support advanced services and applications
with increased requirements.
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Criteria

Performance 0,36
Business 0,2
Acceptance 0,18
Flexibility 0,17
Technology 0,09
T T T T T T T T T T T T T T
0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35

Weights

Figurel4: Relative weights of 5G network criteria

The business criterion has the second largest weight, emphasizing the neaccfedible business plan
exploiting the new market opportunitieand a clear route t@ositive cash flow following the necessary 5G
capital investment, e.geducing the cosfespecially the CAPEX) will greatly affectlibsinesgperspectives

of 5G netwaking. A portion of deployment cost reduction is expected to pass to retail prices too. This will

further enhance the penetration of 5G technologies since nowadagple are used to pay reasonable
amounts of money for telecom services. Busing#gria ae very important in any decision making process
for telecom products. Addingew advanced service®es not guarantee a market potentisihce thismust
come at the right priceOn the other hand, inmecent years,the telecons market seems tchave been
constantly shrinkngand therefore need$o be rejuvenated andefreshed. In this context5G networking is
expected tobe important inloweringthe barriers to entry and helpg new players to enter the market.

Acceptance and Flexibility criteria have abhthe same weightsandare also almostomparablen weight

to the business criterionthusrevealing the need to fulfil a number of diverse and possibly conflicting criteria

during 5G networks deploymenfcceptance is somehow expected to be among the driteria since it is
related to issues such as security, privacy and health that are of high importance especially for the public.

This is a clear indication that the pubtieeds tobe made aware of the characteristics of 5G networking. One

approach fiNJ & G A Y dz

FGAyYy3

iKS

LIdzo £ A O Q dof 5G).6., SRk data B, daiv R

latency,andsecurity (especially undéne CHARISMA solution €t@n the other hand, flexibilitis something

that will influence 5G networks deploymemince it deals with several technical issues such as compatibility
and selfconfiguration as well as other factore(g.open access, resource and spectrum sharing) that may

become obligatory through an appropriate regulation.

The echnology relatedriterion receives thdowestweight, probably because 5G networking is not expected
G a6 Such but inSted &Ko e Zs3umedd represent thecollection and
combination of a heterogeneous set of networking technologies with stweprovements.

G2 AYyGdNRRdzOS

It is also interesting to investigate the ranking of criteria using the fuzzy weigigisré15). If we should
make onedefinite choice between the relevant criteria, performance should be certainly chosenevdow

CHARISMADS5.4¢ v1.0

Paged0 of 60

0S5



decision making does not always imply a choice between alternatives, but could also refer to probabilities,
possibilities or considerations concerning opportunities vs. risks. The fuzzy numbers could then be taken to
guarantee the minimum and maximuwalues. Art -cuts can also be taken into account in order to define
narrower lower and upper limits of the relevant weightings based on risk considerakimusel5 suggests

that there is alarge degree ofoverlappingbetween the business acceptance and flexibility priorities
indicating that the ranking of these criteria may possibly change (a situation referred to as rank reversal).
However, in order to calculate the probability of rank reversal one should resceither Monte Carlo
simulationsor closedform approximationg81], which aresomewhatout of the scope of the presemeport.

Alsq note thatthe performance criterion is more prone to uncertaidtyduced perturbations since its shape

(i.e. width) is wider than the restthe Technology criterion also has the narrowest width, indicating
confidence amongst the experts that it really is the least important consideration in the deployment of 5G
networking

Criteria

Performance
Business
Acceptance
Flexibility
Technology

£, ()

'

: _&
0,2 0,3 0,4 05
Weight

Figurel5: Fuzzy evlation of Criteria

3.5.2Weighting ofSub-criteria under each criterion

It is also interesting to examine the weights of théx-criteriaunder each criterion. Regardifgrformance,

as shown irmmablelland depicted irFigurel6, the experts seem more concerned abdoiv latency in view

of the many new advanced applications and services where latency requirements are very tight and crucial.
In addition, verticals such ashealth and automotive are expectingw latency in order to support their
particularuse cases.

High data rats and high reliability seem to biae second mosimportant issus, accumulating a weight of
0.21 and 0.22 respectivelj high data rates alsoa key issue fo5G networkingin bath the front-haul and

the backhaul, as well as in the access part of the netwdskshaspromisedend-userdata rates up t010

Gl swhich is quitea challeng, necessitating the combination of several technologies. Taking into account
the expected increasof traffic one should look foschemes to further enhance network capaci@ptical
commurications both wired[82] (along with advancedhultiple accesschemes OFD[3]) and wireless
FS{84] and VL({85], as well as other solutions such as sinealls[86]) can be used to improveata rates
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and help traffic ofloading and thus should be explored in future stems.High reliability, of almost
equivalent importance with high data rate, is also a key requirement for 5G networking especially due to the
heterogeneous nature of 5G networks.

It is interesting enough that low energy consumption can be found in tiserskto last position. This is
something unexpected since 5G is considered as a mobile techrolmigly dealing with contentand thus

power consumption especially of end users devices will be of high importance. The increased coverage sub
criterion has he lowest weight (0.1). It seems that this stiiterion isnot significant among the experts
maybe due to the&eompromise betweeroverageand available bandwidth.

Performance
High data rate 0,21
Low latency 0,3
Low energy consumption 0,11
High Reliability 0,22
Increased Coverage 0,1
T T T T T T T T T T T T T

000 005 010 015 020 025 030 035
Weights

Figurel6: Relative weights of Performance Suiiteria

Figurel7 suggests that there is an overlappingtween high data rate and high reliability as well as between
low energy consumption and increased coveragéicating that the ranking of thessubcriteria may
possibly change. Also nothat the high data rate swlriterion is more prone to uncertaintynduced
perturbations since its shape is wider than the redthough it only overlaps slightly with high data rate and
reliability triangles
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Performance A
High data rate

Low latency

Low energy consumption
High Reliability
Increased Coverage

£, ()

\

0,3 0,4 0,5
Weight

Figurel7: Fuzzy galuation of Performance Sulzriteria

TablellandFigurel8show that with the exception of new market opportunities, all other-suiteria have
comparable weights. Thisiggests that 5G networks should be designed in order to fulfil a number of diverse
sub-criteria related to the marketln detail, the weight for new market opportunities is O.Bdlicating its
increased importance and revealing market expectations. SiGigilificantly contribute to the expansion of
existing as well as the creation of new market opportunjtleading to increased profitability by mainly
adopting NFV technology. 3@ll lower the barriers to entry for neylayers such as developersiofovative
cutting-edge functionsas well as for new actors likel OA f A& YI yIF3ISNBR G(GKF{d LINRJA

Business

Cost reduction 0,24
CAPEX transforming to OPEX 0,2
New business models 0,21

New market opportunities 0,34

T T T I T —T —T T T —T
0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35

Weights

Figurel8: Relative weights oBusinessSubcriteria

According tahe S E LIS NJi &s(ros2rediicyion #nythe second place (weight: 0.24). This is not surprising
as the cost of deployment is very impant, since it will influence services prices leading to increased or
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decreased penetration. This also seems consistent with the high combined weight &REeXGrasforming
to OPEX discussed below.

The next sukcriterion is new business modelThe whole telecom ecosystdiself has evolvedonsiderably

in recent yearsillustrating thatbusiness relationships are no londwgtateral[87]. A factor that significantly

boosts this trend ishat of virtualization enabling some vertical industries a@er the Top@T7 players to

operate in aNetwork as a Service (NaaS) mode and offering services on top of telco infrastrucautdition,

5G will enable new ways for charging and pricsmmething that seems necessary in the nevogy/stem

The softwarization othe y SG ¢2NJ 2y 3 gA 1K K Ssthé traasitidn framSoMIIA OS ¢
traditional to new pricingand chargingschemeghat will take into account several issyesg. throughput,

data volume, latency, device movement, processing, storage, functions or event based charging in real time.

Last but not least since its weight is comparable to those of cost reduciod new business modelstisat

of CAPEX transforming to OPEX. This is one of the main characteristics stemming from the use of NFV that is
the softwarization of networks. Severalketworking functions, which traditionally required specialized
network commnents are now implemented as software modules in virtual machines. This is accompanied

by a significant reductiorin CAPEX, a portion of which is transformed to OPEX needed for the development
and maintenance of such modules.

Figurel9suggests that there is an overlapping betweélea cost reduction, CAPEX transforming to OPEX and
new business models swditeria, indicating that the ranking of thessub-criteria may possibly change.
Contrary to the previous casethie overlapping between the first sutriteria (new market opportunities)
and the rest is not negligible leading to increased probability of rank revéisal note thathe new market
opportunitiessub-criterion is more prone to uncertaintinduced pertirbations since its shape is wider than
the rest.

Business
Cost reduction
1,0 4 CAPEX transforming to OPEX
New business models
New market opportunities
0,8
Z 0,6
s
0,4
0,2
001~ . — . : .
0,2 0,3 0,4
Weight

Figurel9: Fuzzy evaluation oBusinessSubcriteria

Regarding the subriteria of theAcceptancecriterion, it is clear that security and privacy issues are the most
important. This is somehow expected mainly for two reasons. On the one hand, the softwarization of
networks alongidethe use of NFV/SDN technologies make -em&nd security more challenging. On the
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other hand,the 5G environments characterized by muliienancy, héerogeneity and resource sharinglso
leading to security and privacy conceriiis is further enhanced by edge caching functionalities giving the
ability to collect and process high volumes ofajas well as by the transformation of eders from pue
consumers to mixed content consumers and producers.

Experts seem to also highly prioritize advanced applications (weight: 0.2) and ease of deployment (weight:
0.22).Innovations in the space of servicend networklevel function development in combinati with
advanced application developmeate expected, fully capitalizing the increased performance in terms of low
latency and high data rates as well the flexibility that will be afforded by 5G networks. This is further
enhanced by the use of NFV tedogies. On the other hand, ease of deployment is a factor that will
influence 5G adoption and speed up its evolutibhe ease of deployment heavily depends on the ability of

5G systerato allow reusing or upgrading existing network infrastructutasaddition, features, like plug and

play, seHconfiguration, optimization and healingill play an important rolein the deployment and
management of 5G networks.

Acceptance

Advanced Applications 0,2

Ease of deployment 0,22

Security and privacy 0,34

Regulatory issues 0,14

Health issues 0,11

T T T T T T T T T
000 005 010 015 020 025 030 035
Weights

Figure20: Relative weights ofAcceptanceSubcriteria

Surprisinglyenough, regulatory issues as well as health issues and impact on environmeatgesined of
secondary importanceompared to other issues$lealth and environmental issues are alwaypsmportant
aspect to consider along with the measures that should bertak@rder to address growing public concern.
The low weight of health issues and impact on environment can possblyributed to the fact that mobile
technologies are not neywand as sucltheir consequences on both health and environment haleady

been frequently investigated. Moreover, certain standards addressing the health concerns have been
established such as the IEEE CZ2R05 [88], which provides recommendations to protect agairise
possibleharmful effectsof humars being exposed to electromagnetic fields in the frequency range from 3
kHz to 300 GHDnN the other hand, the low priority of regulatory issues is somehow unexpected and cannot
be easily explained. In the new era of 5G where heterogeneous netwoltkdsewdombined while resource
sharing and open access will enable service provision on top of thirg pdrastructure, regulation is
expected to play a central role. However, previous experience shows that regulatory decisions are not always
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desirable fom the market playersside and usually lead to market disruption. Thus regulatory issues should
be of increased importanaegarding the deployment of 5G networks.

Figure21 suggests that there is an overlapping betwesdvaned applications and ease of deployment as
well as between regulatory issues and health/environmental impabicriteria, indicating that the ranking
of thesesub-criteria may possibly chang&he overlapping betweethe security and privacy sutriterion
and the rest is not negligiblalsoleading tothe increased probability of rank reversal. Also note tta
security andprivacysub-criterion is more prone to uncertaintjnduced perturbations since its shape is wider
than the rest.

Advanced Applications
ACCEptance Ease of deployment
Security and privacy
Regulatory issues
\ Health issues and impact on environment

e ()

0,3 0,4 0,5

Weight

Figure21: Fuzzy evaluation oAcceptanceSubcriteria

Regarding the flexibility criterion, as showrliablel1 andFigure22, optimized and more dynamic usage of
all distributed resources, opesccess and resource/spectrum sharing saentake precedence ovesther
issues withweightsof 0.29, 0.24 and 0.2 respectivelhis is consisterwith the nature of 5G networkings
well as tothe requirement for efficient use of resources.the 5Gnetworkingenvironment, heterogeneous
systems and devices will be connectedhile endusers will also act as content and/or resources providers.
These new featurewill necessitate a new framework foesource use / sharing that will be dynamic.
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Flexibility

Compatibility 0,13
Resource/Spectrum sharing 0,2
Optimized and more dynamic usage of resources 0,29
Self-configuration 0,15
Open Access 0,24
T T T

T T T T T T T T T T T
000 005 010 015 020 025 030 035
Weights

Figure22: Relative weights oflexibility Subcriteria

Selfconfiguration, although a critical factor for ease deployment and cost reduction, receives low priority.
Compatibility with legacy systenadsoseems to be of secondary concermidlis an indication that experts
tend to think that the adoption of 5G netwairlg willnot demand compatibility with previous legacy systems
which have already been installethusreflecting an expectationtrend that envisions the deployment of a
paralkel network.

Contrary to previous cases, as showrrigure23, there isgreateroverlapping betweerall the varioussub
criteriaof the Hexibility criterion indicating thatthere is a higher probability thahe rankingof these might
changen addition, the majority ofthe sub-criteria have high widths, alsmevealing the highuncertaintyin
theseexpertjudgements

Flexibility
Compatibility with legacy systems
Resource/Spectrum sharing

Optimized and more dynamic usage of all distributed resources
Self-configuration
1.0 - Open Access
0,8 1
= 0,6 -
o
0,4 1
0,2 1
0,0

04

Weight

Figure23: Fuzzy evaluation oFlexibility Subcriteria
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As shown inFigure24, SDN and NFV suhterion is the first choice among the experts regarding the
Technology criterionVirtualization technologies usirf§DNand NFVare anticipatedo drastically affecthe
development of nexgeneration mobile technologgt G I Yy R NRa SELISOGSR (2 NRff 2
This is usually stemmirigom the need for more rapid scalability order to address thgrowing demands

well as for a more efficiemtetwork resource provisioning his is also confirmed by the tréfthe telecons

industry that is moving quickly to virtualized and softwamntrolled solutiong89]-[91], as well as by a

number of market repod forecasting rapid growth of these technologi€2]-[94].

FixedMobile and/or Acces€ore Convergence, Mobile Edge Computing (MEC) and¢B2DHoc/Mesh
Networks sukcriteria are shown to be of almost equivalent importance after SDN/NFV. Tiimggis fully
consistentwith the 5G Visiotj7] according to whictbG will be driven by softwarend retwork functions

that will run especially at the edge of the network for meeting performance targretsddition,D2D and A-

Hoc networking will be adopted as a means to accommaodate the increased traffic (increase the cell capacity)
and offer various proximity servicd95]. Finally, the integration ohetworking, computing and storage
resources into one programmable and unified infrastructwi# allow the fixedmobile and/or accessore
convergencég?] providing the same services in any environméd a resultGwill heavily rely on emerging
technologies such ddobile Edge Computing (ME€Rg Computing (F@nd D2D communications as well

as on the fixeemobile and/or accessore convergenceo achieve the required performance, scalability and

agility.

Technology

Small cells 0,11
D2D i Ad Hoc/ Me@X Net wor ks
Software Defined Networking (SDN) and NFV 0,34
Mobile Edge Computing (MEC) 0,18

Fixed-Mobile Access-Core Convergence 0,2

T T T T T T T T T T
000 005 010 015 020 025 030 035
Weights

Figure24: Relative weights off echnologySubcriteria

In the last position, one can find small cells. It should also be noted that smallegelisenta technology
that is notbeing investigated within th€HARISMA project.

Figure25illustrates the fuzzy evaluation tiie Technology sukeriteria. It can be deduced that the ranking
between the last four technologies may probably change duthé increased overlapping between them.
SDN and NFV suiterion mainly intersects witlthe fixedmobile and/or access core convergence -sub
criterion, and slightly overlaps witthe MEC and D2BQAd Hoc/Mesh Networks sutriteria revealing a small
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probability of rank reversalAlso note thatSDN and NFSub-criterion is more prone to uncertainiynduced
perturbations since its shapeassowider than the rest.

Small cells TEChnc’lOgy

D2D i Ad Hoc/ Mesh Networks
Software Defined Networking (SDN) and NFV

Mobile Edge Computing (MEC)

Fixed-Mobile and/or Access-Core Convergence

. .
0,3 0,4 0,5
Weight

Figure25: Fuzzy evaluation of echnologySubcriteria

It is interesting to note that fuzzy evaluation of technology striteria can also be used in order to decide
which technologieshould be promotedy a governmenin the long run The fuzzy numbers could then be
taken to guarantee theninimum and maximum amount otibsidies for the future development of selected
technologiesAs mentioned beforé] -cutscan also be considerad define narrower lower and upper limits
of the relevant weightingdased on risk consideratiornithe guaranteed interval of grants for thegmotion

of the evaluatedechnologiescouldthen be calculatedy multiplying the total grantwith the derived fuzzy
evaluations.

3.5.3Global priorities of sukcriteria

In order to capture a global view of the saliteria ranking, global priorities should balculated. The global
priorities are obtained by multiplying the local priorities (SOINRA G SNA ¢gSAIKGaL o8
(weight). The global priorities for all the sahteria add up once again to Table12 preserts the global
weights for all the sulgriteria considered.

CHARISMADS5.4¢ v1.0 Page49 of 60



Tablel2: Global Priorities of sulzriteria

Subcriteria (SG) ~ Global Priority

SG::High data rate 0,075
SG2: Low latency 0,133
SGs: Low energy consnption 0,041
SG4: High Reliability 0,078
SGs: Increased Coverage 0,035
SGy: Cost reduction 0,048
SGz: CAPEX transforming to OPEX 0,041
SGs: New business models 0,043
SG4: New market opportunities 0,069
SGu: Advaned Applications 0,036
SGy: Ease of deployment 0,039
SGs: Security and privacy 0,062
SGs Regulatory issues 0,024
SGs: Health issues and impact on environment 0,019
SGi: Compatibility with legacy systems 0,022
SG2: Resouee/Spectrum sharing 0,033
SGs: Optimized and more dynamic usage of all distributed resource 0,048
SGas: Selfconfiguration 0,024
SGs: Open Access 0,04
SGu: Small cells 0,01
SG2: D2D¢ Ad Hoc/Mesh Networks 0,015
SGs: Softvare Defined Networking (SDN) and NFV 0,031
SGs Mobile Edge Computing (MEC) 0,016
SGs: FixedMobile and/or Acces€ore Convergence 0,018

Ascan beseen inTable12, the most important factos affecting theadoptionand evolution of CHARISMA
and 5G networks in general are low latency, high data rate and high reliakigentialsub-criteria
constitute furthermorenew market opportunities as well as security and privacy
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TheEU has aambitious plicyto accelerate research in the area of 5G netwogkandhas established the
5GPPPinitiative to support 5G through the Hoizon 2020 research programmélowever, lefore 5G
becomes a commerciakality, a wide variety of issues must be resolvelh this ddiverable, we have
provided an initiatoadmapping description of the various technologies, tecenonomic, standardisations,
and regulatory issues that need to be addressed as part of a successful 5G deployment strategy.

Identifying all these factors ipacting successful 5G adoptionngde difficult due to the fact that 5G
networks are still at the early stages of research activity around the world. However, before we see the
deployment of the first commercial 5G networks, these challenges and theiciassd issues must be
careully understood and addressedn addition, a successful 5G rollout strategy requires a clear
understanding of which are the more important challenges and issues, and \alieimatives take
precedence where choices must be tak&hus, a useful roadmap contains both a tilime aspect, as well

as an indication of where the critical decisions need to be made.

Forthe 5G deployment case presented here, saaecisioamaking problem iadditionallydifficult to solve
analyticallydue toits high complexity. The complexihere doesnot solelyarisefrom the fact that factors
are selectedamongst multiple alternatives withoccasionallyconflicting needsbut also becausef the

variedeconomic and social factors present. By applyirgFuzzyAHP methodology whave beerable to

tractablyanalyze the problem and rate the importance ofthk identified factors whilst alscaddressing
the inherent uncertainty The group of experts that participated in tlsisrveyactivity were all t&ken from

within the CHARISMA consortiurt should behighlighted that a similar surveyactivity requesting input
from abroader sample of expertshouldtherefore be carried outin the future in order to help further
validate the results discussed here

Following the processg of the expertresponses the following conclusiooan bedrawn:

1 The mostimportant criterion that will affect 5G deploymentdmsidered to be that ofé&formance.
It appearghat breakthroughs in performance, as stated by thatieke SGPPP KPIgill bethe main
driver behind 5G. This comesths statement that 5GPerformance must overcome that of current
legacy systems.

1 After Performance the next most important criterionexpected to influence a successful 5G
deployment,isthat of the Bisinessaspect. Thifighlightsthat apart from performanceeconomic
factorswill also stronglyinfluence 5G deploymentcceptance andHexibility also closelyfollow
togetherin importance whilst Technology is rated as the criterion with theast importanceTaking
into account the high priority of performance, it can be dedudkdt the performance KPls
therefore needto be reachedndependently of the underlying technology.

1 That saidthe overlap betweerthe fuzzy profiles of thbusines, acceptance and flexibilitriteria
indicate that there is a possibility of rank reversalchange between thessecondarythree criteria.
Thus these three aspecidl need to be closely monitored.
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1 The analysis of sutriteria related toPerformancehas revealed that low latency is the most
important, followed by high reliability andhigh data rate (both of which are of equivalent
importance)

1 New market opportunitiegsasub-criterion of Businessakesprecedenceascompared to the other
businesalternatives thus new services amewbusiness models are expected to be critical drivers
for asuccessful 5G deployment

1 As expected, ecurity and privacy is the most important saliterion of Acceptance hence
important effort needs to be directed towasdthese requirements. dgulatory issues as well as
health issues and impact on environment are deemed of secondary importance

1 The optimized and more dynamic usage of the resources, followedulty-tenancy open access
arethe most important sukcriteria related toHexibility.

1 Regardingrechnology, great importance Ieingplaced onSDN and NEWhilst small cells receive
the smallest weightThe ranking of the resif the sub-criteria is unclear due to their similar weights
and increased overlap (fag evaluation)

Taken together/ | ! wL{ a! Qa SYLXKLI aA &tenangy, dndhigh sécurity Srefliahdity and dzf ( A
availability therefore appears to be-lme with the results of the expert survey. In combination with the

work being performed in the tevant standardizations groups, the challenge is now to ensure coordination

and harmonization between the different activities and emerghitgPPPsolutions. Althoughstill in the

early stagesvendors and telecom operators are starting to test antidae technical components that are

leading the way to the next generation of 5G networks.

This CHARISMA deliverable D5.4 is expected to be a valuable tool for researchers and stakeholders of the
5G ecosystem, by providing an indicative roadmap of the 5Quyent issues, and a clarification of what

are the important factors influencing a succes&@roll-out strategy. Our roadmap and expert survey can
together create the appropriatéramework toassist inidentifying the factorsaffecting the adoption and
evolution ofboth the CHARISMArchitectureand other 5G solutionsSuch a tool is hoped to help bridge

the gapbetween the technicaland the socieeconomic requirementainderpinning the successful and
commercially viable largscaledeploymentof 5G netwaking technologies
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