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Agenda

Smart Cities as Future Internet Show Case

Smart City communication infrastructures requirements

The Role of IP Multimedia Subsystem, Machine Type Communication,

Evolved Packet Core and related Open APIs within emerging Smart City
SDPs

FOKUS Toolkits and practical examples

B Summary
B QLA
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Main Messages of the Talk

Convergence of fixed and mobile networks plus internet technologies
was the driver for Next Generation Network (NGN)

IMS (plus an SDP) is the common control platform of the NGN today
Over the top (OTT) services challenge operators and IMS platforms

Future Internet (FI) is a hot research topic and equates to emerging
Smart City (SC) ICT platforms and applications

Smart Cities relate to the domains of Internet of Things (= M2M) and
Internet of Services (= SDP)

Smart Cities are driving even more convergence of networks and
control platforms

Evolved Packet Core (EPC) and Machine Type Communication (MTC)
platforms are becoming key pillars around IP Multimedia System (IMS)
in the context of emerging Smart City ICT platforms

Nevertheless Open APIs will abstract from the specifics of the platforms
FOKUS tools and testbeds are designed to prototype Smart City ICT
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A déja vu - From NGN towards SDPs for Future Internet / Smart Cities

Main ldea: A Core Platform provides reusable capabilities (= Enablers)
for multiple applications hiding the details of underlying technologies

Converged Telecommunication Services Future Internet / SC Applications
(FMC, Triple Play, IPTV, Telco 2.0) (eGov, eHealth, eUtilities, eLogistics)

! }

Tglecomr_nunlcatlons Future Internet / Smart Cities
Service Delivery Platform Fara P

l l

Fixed and/or Mobile Mobile or Fixed
Transmission Network(s) IP Network(s)

Telecommunications / NGN Domain Future Internet Domain
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From specific to unified next generation Multi-Service networks
Individual networks = individual services vs. Multi service networks

Today Future
Single service networks Multiservice networks/client server

oy ___Services Content
Content
' =R

Control

Communication
applications =

. Backbone ™% 4
g NEIWVOTK e I

Wireline

Media
gateways

Cable
access

g FTIL) - -
e

—
Clients/applications

L

Access transport and switching networks
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For quality and efficiency reasons, the network architecture
moves from “stovepipes” to a unified production ...

From “stovepipes” per service ... ...to an open layered architecture

=

» Circuit-switched = Packet-switched (IP- and Ethernet-bazed)
Technology = Copper > = Optical !

= GSM/UMTS = OFDM 2

= VYertical “stovepipesz®/zilos > = Horizontal “layers”

® [uplicatzd elements perzilo = Simplified common network architecture with fewer elements
Integration = Multiple production platforms > = Shared production elements

= Metwork centered around ’ = Metwork supporting broad set of applications

VOICE Services = Commaon service capabilities for fast product development

------------------------------------------------------
1) Optical and copper in last mile 21 OFDM = Orthagonal Frequency Divizion Muliplexing

Z
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Connectivity vs. Content — Where will be the Money in Mobile

Broadbamdrications (Voice/Messaging) vs. Connectivity Services (QoS) versus
Multimedia Content (Games, Videos, eBooks, Clouds, etc.)

Common

Applications
and Services

Core Network

LTE )" (ms or EPC)

erellne

xDSL POTS/
~— ISDN
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From Simple Voice to Innovative Service Platforms

High 1

Service Proliferation

Internet
GDOSIE Services

myspace' Domain

a place for friends

How to provide
“Carrier grade”
quality?

How to foster a
“leap change in
iInnovation”?

Low

Goal fo

A
Telca's

r Everybody

Communications
Services Domain

Goal: Leverage
Existing Revenue
Relationship

High
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New Eco System demands Federation and Open APIs

Strategy of the broadening ,, T(elecoms)“: Broad top, sleek bottom

Consumers > < Business Customers
Communities Kids Youth Families Retired Small SMEs Big Enterprises MNE
SalesCos. feting and Sales
SalesCos. g SalesCos. SalesCos.
SalesCos. Services and SalesCos.

i B Modular
Differentiation! Open Intefaces arjd APIs m Fast

--------------------- Service Companies
Efficiency! . —
Eﬁete Connitmty ® One Platform

Control
B Operations optimized

NetC L] Infrastruc_tur(operations)
NotCos partialy outsourced
NetCos.
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OTT vs. Telco Networks & Platforms — APIs/IMS/EPC/MTC as last resort??

Over the Top Multimedia Services Evolution

VolP Communities Future
— Internet

_IM
Q\Ij Sep,; \Ulg/Over
W \ the Top Apps

CS

Cloud
Services

/. of Services
1. of Things
Net. of the

Future

2006 2010 277

All IP Networks will pave the road for Over the Top (OTT) Application
Evolved telecom platforms may provide revenue potentials via Service
Gateways (APIs) on top VolIP/RCS (IMS), Maschine Type Communication
(MTC) and Smart Bit pipe approaches (EPC)

V' RCS will have to compete with Unified Communications (UIC) in OTT area

< S
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NGNZ2FI Evolution is a Challenge
Information Technologies
(Service Oriented Architectures
& Cloud Comuting)

Clouds

19UJa1U|

Fixed and Mobile @

Telecommunications

Internet of Services

Telecommunications

|ternet of Things

Network Virtualization

<

Future
Internet

Self Organising Networks

Revolution

Evolution

>
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Dimensions of the Future Internet

B Future Internet Pillars

= Network of the future
= Internet of Content

= Internet of Things

= Internet of Services

B Infrastructure Foundation:

= Network infrastructure /
substrate that supports the
pillars

= Shall support capacity
requirements of Future
Internet

Future Internet, The Cross-ETP Vision Document, Version 1.0, 2009

Scalable and dynamic routing and addressing Security, privacy, and trust
Efficient data and traffic management
Adaptability to heterogeneous environments

Networked Society

Accommodation of Interactive multimedia Communications of Consumers enjoying
all user ideas content everywhere context-aware permanent, seamless
and requirements and easy to search autonomic ohjects and confident services

“Internet by
and for People

Internet of Things

‘and Knowledge
_ Internet of Services

~ Internet of Contents

111 [1]]]] [[]]]] [[1]]]
Future Network Infrastucture

Availability, ubiguity, and simplicity
Energetic and economic sustainability

\|



Competence Center NGNI

FI = Towards a Thinner Protocol Stack

Application
> Mediation
Connectivity

Data Link

Physical
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Chair for Next Generation Networks (AV) TU Berlin

Switch Evolution towards Software-Defined-Networks (SDN)

W Ethernet Switch Architecture B OpenFlow Switch Architecture and
OpenFlow Controller interaction

OpenFlow Controller

Routing logic OpenFlow Protocol
®
. . 5
Ethernet Switch OpenFlow Switch
SOFTWARE (Control path) Secure Channel
Routing protocols, management and control, mobility Control Path (OpenFlow Protocol)
management, Access Control Lists, VPNs, etc. P

HARDWARE (Data path)

Packet Forwarding Data Path / Flow Table (Hardware)
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Decoupling Networks from Infrastructure

Managament of virtual networks
| = = = ~ Independent, isolated
o VNS, running different
irual
Networks 1 protocols, packet
formats, management
| - tools, etc.
Virtualised Collection of virtual
Substrate 1 resources, aggregated
to build virtual networks
i Infrastructure made of
Inﬁaﬁﬁ{é?ure 1 virtualizable network
resources
P1956 Network Virtualization — Opportunities and Challenges 9

Source: EURESCOM Project P1956
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What is Network Functions Virtualization (NFV)

- d d
[ N_Etwork F_UnCt|0nS _ Classical Network Appliance 4 lni/ggc?arznt

Virtualization (NFV) is a Approach e &Z =
novel paradigm that i E_JC’&I s "‘J"*ﬁl
presumes that the network - - § - ’ i

: - CDN  Session Border ~WAN rchestrated,
functions: = B o ‘i i’utomaiif&”

remote install.

» Are implemented only @ - =i F

Firewall Carrier

= Can run on top of . | Grade NAT

as software (programs)

common servers

O
B NFV implies that network

Fragmented non-commodity hardware.

fu n Ctl 0 nS - Physical install per appliance per site.
Hardware development large barrier to
= Can be m Oved as entry for new vendors constraining
H innovation & competition.
required

= Do not require special
equipment

Tester/QoE
monitor

_ Radio Network
. Controller

Standard High Volume
Ethernet Switches

Standard High Volume x86 Servers

Standard Hi !Vol Storage

Network Virtualization

© NFV White Paper presented at “SDN and OpenFlow
World Congress”, Darmstadt Oct 22-24, 2012
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M2M World of Connected Services

The Internet of Things

o@
",i.@
2 ” -
HVAC, ‘o‘_ Servers
L/
Transport, Storage
Fire & Safety, 4,'50:96 ’b; PCs, Routers
el T
Lighting, * Sty Switches
Security, = PBXs, etc
Access, etc. Ie) eazc;ss,

Turbines
Tanks, Fighter Jets
Windmills Comel i
wegpons,\'ehkles. Shi Battelfield Comms
ups 5
Human,Animal,Postal Food/ Jeeps, Cars, Ambulances
ik Health, Packaging,Bag
 Packaging,Baggage Breakdown, Lone Worker
Generators g Treatmnt, By :
Environ, Gen. Envirg Homeland Security, Fire
Meters, Drill L
Consumer & Enviro. Monitor, etc.
Fuel Cells, etc. Home
Digital Cameras,
Power Systems, MID, POS Terminals
Dishwashers, eReaders, Tags
Desktop Computers Cash Registers
Washer/Dryers, Vending Machines
Meters, Lights, TVs, MP3, Signs, etc.
Games Consoles, Lighting
Alarms, etc, 2 f
TniE®
83888
2238F
Implants, Surgical Euipment < g %. ? g VR L
FRZER .
T a @ & Planes, Signage
e ltine et Pumps, Valves, Vats, Conveyors, Pipelines Tolls, etc.
Motors, Drives, Converting, Fabrication
Beecham ;
Retaamn Assembly/Packaging, Vessels/Tanks, etc.

Boston | London info@beechamresearch.com +44 (0)845 533 1758 www.beechamresearch.com © 2009 Beecham Research Ltd.
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The Internet of Things

Looking Further Head
The Vision of the Iniernetof Things

The Internet
M2M of Things ’,‘:
Connecred Devices A Complex Vision ’.-’ |
NFC L :
M2M RFID ‘__.-" |
H - o l
Cois i Dindcas IP Objects ..--'"|'-- e mmmu::m |
NFC = LeeeT = | + Socls! Impact :
_______ cnmam=ee=" | *  Governance |
I' ----- : | *  Securlty and Priecy |
I | | «  Dat Managament |
| 1 | *  Business Moosls |

2010 2015 2020 &
‘ 3 'datrd MIM WorkaPag 15080
J " coliabaation with ... FROVT & AULLIVAN & Frods & Bl an 100

wvodafone 8

Source: Frost& Sullivan, Presentation: M2M Technologies Overview; 2011 . . . . . .
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Stop the Silo Mindset - Horizontal Approach for M2M

Existing Proprietary

Vertical Solutions

Application

I ———

Network Domain

v

Device

=)

Solutions have common Horizontal Layers

Application

Application

Application

1

1

Service Capabilities

Network Infrastructure

Device

Device

Device

Gateway

T T T
@ed Network @
I v
I I I

Device

Device

—
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Europe’s key Initiatives for Future Internet Research

FIRE and the FI-PPP

B Europe’s Future Internet Research and Experimentation Initiative (FIRE)

B Europe’s Future Internet Public Private Partnership Programme (FI-PPP)

Coordination and
Coordinatlon and Sup rthchons
e B | B
nmn FIRE STATION m
I ] ﬂuaum
Building the Experimental Facility and stimulating its use Testbed | Facility
£ | conrie | . projects.
- BONFIRE
- CONFINE
- CREW
- EXPERIMEDIA
— B - OFELIA
f Experimentally-driven Research \  -OPENLAB
[ Sociuasman § man_J souve | -TEFIS.

T (N £ CEESEIT | experimentaly-

driven Research:
e T iven &
;».Z:&-m CTITWITICTIET | -cowsmas
X ' -HOBMET -ALEN
SLAWA - Cityllow
- HOVI

| CLOMMUNITY
. - SPITFIRE —m
: -
FEDAFIRE “oFeRTIE
o%e “RELYonIT
FIRE Federation St
| #32. | | (JOFELIA | | BonFIRE |T¢'FB Mﬁ'
 Cognitive Cloud | |Network & |
| “radio | | OPenflow | | corvices |S|nrlcul Sman Sides
i conrn | | 5 cooas | (PXPERINEDLA
Community E’“F'}'R“,;“’ Futura
| MO | [Ltmutbeas | | Moti®

Call1

2014 2015

2010 2013

2011 I/Zﬁhz
| |
{ s '
ase 1 Phase 2 Phase 3

Future Internet Core Platform

FI-PPP
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The Notion of Enablers within the European Future Internet Initiative

The Einopean
Furtura Intomet: |ritlabhe

Examine the basic
enablers in each area

Determine the common
enablers

Determine the enhanced
enablers

Work out how to provide
a core platform that
supports the enablers

Build it and show the
world

Use it in large scale trials
and tests

Use existing advanced
infrastructures to test
future Internet function

G
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EU FI PPP e 0_Te|ecom13%

® Energy & Environment 13%

S @ICT Services + R&D 21%
Facts S

2n o 300 II'II“IIJI'I

INVESTMENT BY THE EUROPEAN COMMISSION &
PROGRAMME PARTICIPANTS

158 687 18

PARTNER ORGANIZATIONS INDUSTRY SHARE IN ACADEMIC
AND COMPANIES THE PROGRAMME  INSTITUTIONS

Academia 11% ® ¢ ® (ities 20

Other TC's 120~ @ FE S O “*Other Industries 3%
Transport & Logistics 6% ® & i i @ Defence & Security 4%
Business Development & ¢ ¢ ® Media & Broadcasting 4%
Management 70 ~@-e+eeeoott " @ Construction & Infrastructure 4%

INDUSTRIES REPRESENTED IN THE FI PPP PROGRAMME

* Other Technology Companies, such as artificial intelligence, marine, aerial and satel-
lite R&D, or automobile and other hardware manufacturing. ** E.g. Banks, retail stores,
agriculture and food producing industries. Note: Figures are based on the number of

participating organisations and approximate, since there are stakeholders with notable
COUNTRIES REPRESENTED (2 FROM OUTSIDE EUROPE) overlap in industries.
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FI-WARE: Collaborating with Usage Area Projects
OUTSMART

Outsmart:
making public
FI-WARE platform will serve W™ oy infrastructure in
objectives of usage areas and will . ol (OUTSMART)
ENV' RQFI have the ambition of fulfilling the ~ — urban areas more
needs of a broader market il . .
: intelligent and
Envirofi: pt efficient
environmental data - é.;g"CONTENT
in the public domain e *0 2
(ENVIROFI) .
Fi-content:

[l networked media
including gaming

Energy

(FINSENY)

Finest:

Logistics

increasing efficiency ~ (fie) 5 ' ;f, '
. . . N WL c O\ S . ]
in |_nt§rnat|onal | g Traffic and Mobity o Flnse_ny.
logistics value-chains Gatecity)  OMartAgrifood)  (InstantMobility) “wse™  Reaping the
_ _ . benefits of
Safety: Making cities SmartAgriFood: Making  Instant Mobility: electricity
saber @ the food value chain using Fl in personal management at
- ili = .
Gty  SMarter mobility - = v community level

oot &

@ﬁ-wa.—e | EEEERENZC
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Future Internet vs. Smart Cities

B Future Internet is “a socio-technical system comprising Internet-accessible
information and services, coupled to the physi- cal environment and human
behavior, and supporting smart applications of societal importance”

B FI can transform a Smart City into an open innovation platform supporting
vertical domain of business applications built upon horizontal enabling
technologies.

m FI pillars for a Smart City environment:

= The Internet of Things (10S): defined as a global network infrastructure based on
standard and interoperable communication protocols where physical and virtual
“things” are seamlessly integrated into the information network

= The Internet of Services (10S): flexible, open and standardized enablers that facili-
tate the harmonization of various applications into interoperable services as well as
the use of semantics for the understanding, combination and processing of data
and information from different service provides, sources and formats.

= The Internet of People (1oP): envisaged as people becoming part of ubiquitous
intelligent networks having the potential to seamlessly connect, interact and ex-
change information about themselves and their social context and environment.

\
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Future Internet ... to make our cities smart
A Smart City is a huge Future Internet Show Case

A
I E-Living

% I E-Health
Politics & //

E-Government

S ow

Communications Energy

M )‘h‘i ° [ - ° mﬁ-ﬁu y )
ﬂﬁ]} Transport & AHA,F{R’R | ucation

i |
""" Traffic A _ L
ﬁF\ Mobility ﬁ Security
8 B3

%'%z\fignal Transmission & Networks ! Culture
h Urban
Production

www.fokus.fraunhofer.de/go/ngn2fi NGNZF EEERERNEN

NGN to Future Interne 1 Evolution
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Smart Cities: The Facts 5billion

people will be living in cities in 2020

* 50% of the world’s population already lives in cities and trends e i mny
suggest that over 60% will live in cities by 2030 0% Ez%iéﬁ%g}?y Smgtrtpr

* 50% of global GDP is generated in the largest 600 cities loglstlcs

« There are 484 cities worldwide with populations in excess of | S il bl il
€27billion 14

* There are 780,000 municipalities and states that are charged in the EU 15 A

with the same functions as cities ICT-enabled energy efficiency 5020 through ICT-enabled
could translate into over

energy efficiency

* A UN report suggests that 40,000 new cities will need to be
built worldwide by 2050 €600b1]110n

« The global private & public ICT market is $1580bn per annum; R RS
South Korea's

public sector market $423bn with $179bn of that local & St e “63“’5 Green New Deal
I’egional government 50 and low carbon strategy create over 500,000 jobs
« The .global I(;::]- rr:jarket Is 15% software and around 85% morewb;tg;;npgfgmse l'l'l art grid
services and hardware o o e @
1Initiatives
» Total estimated global budget for improving city ICT- $35-55bn 5billi on have created over 12,000
jobs in Silicon Valley
» Total ICT public sector city market circa $5bn software, people have mobile —

. phones today
$30bn services/hardware

» USA largest market +$12bn, Europe +$5bn, China +$3bn,
Japan +3$3bn, India +$1bn

0 of web
connections
o will be mobile
by 2013

‘!m?u".- WNL ST gi-hm o, MH“S“W
Simart frid-aequals- o2 loast-for- Sl Valkey-£178 heed

\|



Competence Center NGNI Fraunhofer FOKUS

Challenges for Future Cities — Global Megatrends until 2050

e

Dialog and Participation

Mobility

\
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The challenge of the 21st century
Urban growth and sustainable development
® [n 2050, 6.3 Billion people live in urban environments, almost double as many as today

B Urban environments are more resource-efficient than rural areas and consume less
energy per capita

Germany can act as archetype of highly urbanized knowledge economy

90 Mil. Germany

Anzahl Menschen
Anzahl Menschen

' 1 4
4 Mrd. rural population ',"
3 Mr E ..... il -
2 urban population )
i
1 5 10 Mil.
: Quellen: UN population division, 2009 Database : Quellen: UN population division, 2009 Database
1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050

\
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Smart Urban Environments
R&D Challenges

B Luxury needs
B New patterns of use
B New life styles

B Desire for participation
B Increasing interaction
B Participative processes

B Increasing energy consumption
B Change in energy supply
B Smart grids

B Knowledge economy
B Flexible work environments
m  Work life balance

B Increasing mobility
B Global logistics
B Change to eMobility

B Demographic change
B Cultural diversity
B Social diversity

Number of German Cities

> 1 Mio.

0,5 - 1 Mio.
0,2 - 0,5 Mio.
0,1 - 0,2 Mio.
50k - 100k
20k - 50k*
10k - 20k*

2k - 10k*

< 2.000 (Land)

* Values arithmetically determined Source: statista

m > 1 Mio.
> 500k
B> 200k
> 100k
u > 50k
> 20k*
> 10k*

Applied R&D and Deployment

-
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Smart Cities

« The Smart City can be defined as the integration of technology into a
strategic approach to sustainability, citizen well-being, and economic
development. Any adequate model for the smart city must be multi-
dimensional, encompassing different aspects of “smartness” and stressing the
Importance of integration and interaction across multiple domains.

 “Smart Cities” are environments of open and user driven innovation for
experimenting and validating Future Internet-enabled services.

« Smart Cities Technology links to FlI, the Internet of Things, and M2M.

As cities are defined as ‘systems of systems’, there is no one Smart Cities market:
-There are Smart Cities segments, ecosystems, and subsystems

\|
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Smart Cities — Forecast by Pike Research

B Between 2010 and 2050, the number of people living in cities will increase from 3.6
billion to 6.3 billion. By 2025, there will be 37 megacities with populations of over 10
million; 22 of those cities will be in Asia.

B By 2020, the smart city technology market will be worth $20.2 billion annually,
compared to$ 6.1 billion in 2012. This represents a compound annual growth rate
(CAGR) of 16.2%.

M Pike Research analyzes the market in terms of the five “industries” that are core to the
development of smart cities: smart energy, smart water, smart transportation, smart
buildings,and smart government. The fastest-growing of these industries will be smart
transportation,with a CAGR of 19.5% between 2012 and 2020. By 2020, the smart
transportation marketrelated to smart cities will be worth $5.5 billion annually.

[Source: Pike Research:”Smart Cities Infrastructure, Information, and Communication Technologies for
Energy, Transportation, Buildings, and Government: City and Supplier Profiles, Market Analysis and
forecast, 2013]

34 EEEENN
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Smart City Technology Annual Revenue by Region, World
Markets: 2012-2020

($ Billions)

$25

$20 -

$15

$10

$5

1 Middle East & Africa

® North America
= Europe

- Asia Pacific
m Latin America

Il

2012 2013 2014 2015 2016

2017

2018 2019 2020

(Source: Pike Research)
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Agenda

B Smart Cities as Future Internet Show Case

P Smart City communication infrastructures requirements

® FOKUS Toolkits and practical examples
B Summary
m Q£LA
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B City as service provider

for citizens, enterprises,
institutions, and tourists

Smartness via

Always Best Informed
and Inter-Connected
Urban Actors (Machines,
Systems and People)

Information at any need,
at any place, at any
device, at any time, at any
preference

Smart City Vision — Information and Communication is Key

Connected

Competence Center NGNI Fraunhofer FOKUS
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Smart Cities require a common service and network Infrastructure

City is a system of systems
Set of separate
[ technical systems JE>[ Integrated systems }

Effectivity and efficiency results from
optimized integration / federation of
separated systems

S : a
% Politics and " Living

Administration D“% é -
—_— Security and
- Communication H Safety
o 4 GaANe
AR AR
- “" am = SEx Health /
Education /r,'l'.\Mobility = :.v- )
(A BY - Energy
el
mﬁanspon
Cultu rew AU
oon

h Urban Production

Measure, Analyse
Aggregate and
and Filter Decide

Data

\_/

Optimize

=
~ Fraunhofer
FOKUS

as Enabler and Integrator for
ICT-based Solutions

» FOKUS Smart Cities Portal,
Sept. 2011

» acatech Position Paper: ,,Smart
Cities”, Jan. 2011.

e Minchener Kreis Smart Cities
Conference in Berlin, July 2010

\
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The Smart Cities Value Chain

{
LY

L

=

Enabling services
Full service delivery

Source: Accenture

\
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. —
Future In’_cernet ... to make our cities smart ~Z Fraunhofer
A Smart City is a huge Future Internet Show Case SMART CITIES
VN
¥ E-Living

% I E-Health
Politics & //

E-Government

ﬂ"‘g - Q-& (OF ¥
Communications Energy
M * A e e
m Transport & }h\ A /A\‘F’R’R
Traffic |
b &
A’I\R Mobility S8 Security

i | H
g 5 Education
I fy

%'%kfignal Transmission & Networks ! Culture
h Urban
Production

www.fokus.fraunhofer.de/go/ngn2fi NGNZF' EERERNENRZ=Z

NGN to Future Internet Evolution
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A Smart City relies on Integration & Federation of Systems
Convergence will lead to a Common SC Service (ICT) Platform

A
I E-Living

%;O" Enablement of ,Smarter Applications® by [
e-¢| allowing these to make use of common /
open data and common service

capabilities provided by a Smart City

service platform

=l

T Trans

T T Traffig

A r=) )
A I 7§ oty | i Education

-

i i Mok - X Security

Federation & Integration of different fixed
and mobile Network Technologies to

% ,.}Qf interconnect different machines (sensors, Culture
actuators) and people and for providing

applications seamless

\
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Smart City Enablement Requirements

Different communication patterns need to be supported for different service
domains:

— session-based human-to-human & M2M communication
— one-to-one, multicast, broadcast and group communication
— resource-based pull/push communication between sensors & actuators

Generic Smart City platform needs to support many service verticals and
application scenarios

Smart Cities require federation between heterogeneous platforms

Smart City communication platforms acts as a convergence & orchestration point
for networks, services and data

Different principles for OTT & Telecom core networks need to be supported

A set of common requirements as QoS, security, charging, device & entity
management needs to be shared to across many service domains.

\



Functional Requirements for a Smart City Platform

Communication Enablers & Sectors

Enabling Services Business Leisure time Utilities Facility E-Energy Logistics
/ communicati Management
Collaborat
ion
Retrieve X X X X
(\:, o data
o .£
c © Control X X X X
E (&) .
S ®  devices
T €
= Send data X X X X
A/V Call X X X
A/V X X X
c conference
@
£ Messaging X X X
2 / File
c$| transfer
c
g Presence X X X
>
T .
Location X X X X X
Address X X
Book
> QoS X X X
Lo
3 .
© 5 Device/ent X X X X X
g © ity mgmt
>0 .
O Security X X X X X



Example Use Case: In-Depth Analysis Facility Management

Facility Management  Video Utility Condition moni- Automation (light, air  Alarm system
surveillance Metering toring (temp., conditioning, etc.) monitoring
humidity, etc.)

Retrieve X X X X X

N o data

I

2 E Control

.:—-:é é devices X X

= Send data X X
A/V Call X X
A/V X

5 conference

§ Messaging / X

< File transfer

o

S Presence X X

£

3 -

I Location X X X X X
Address
Book X X

o QoS X X X X

S

9 . .

O =

3 Device/entit X X X X

s 8 y mgmt

> 0 .

O SeCUrlty X X X X X

\
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Agenda

B Smart Cities as Future Internet Show Case

® Smart City communication infrastructures requirements
N

® FOKUS Toolkits and practical examples

B Summary
B QLA
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Evolution of Telecommunication Platforms toward Smart
Communications

IT Impact on Telecoms

SC Cloud Applications:
Intelligent RCS, UC, eGov, eHealth,

Network (IN) OSA/Parlay/JAINOMA NGSI, et eTransport, eUtilities
S~
Open Service APIs (Enablers) . APls (Enablers)

\/
IN Services
based on SIBs

Telecom APIs

Service Delivery Platform
(SOA based)

Network Abstraction

Future Internet

Network Abstraction

@ olved Packet @

Core (EPC)

IP Multimedia
System (IMS)

Circuit Switched

Mobile Broadband
Networks

IP Networks
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Evolution of Telecommunication Platforms toward Smart
Communications

IT Impact on Telecoms

Intelligent
Network (IN)

OMA NGSI, et eTransport, ¢
/S~

Open Service APIs (Enablers) APls

Service Delivery Platform
(SOA based) B

Network Abstraction Internet of
N Things

OSA/Parlay/JAl
Internet of
Services

rnet

IN Services
based on SIBs

piction

IN Overlay
Architecture

IP Multimedia
System (IMS)

IP Networks
Cost > cable 3

>

Core £P )

~

Circuit Switched
Networks

.

N Network of

@ﬁ the Future
L]
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IMS Architecture Principles

 IMS does NOT standardise specific services, but enablers
 BUT supports inherently multimedia over IP, VolP, IM, presence (SIP)
 IMS enables the flexibility in providing IP-based applications !!

MM App|ication3 B Horizontal Architecture defining a
“docking station” for applications

B Defines service enabler capabilities
M Build on existing IETF and telco SDP

i standards
® Provides compared to standard
internet
M Better security, Service based QoS,
IP (1) Networks flexible charging and single sign on

Gateway

egacy non-IM
Networks
S EEERNEN
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3GPP IMS Architecture: IMS Core and Application Layer

_ IMS enabler
IMS Service HSS Application Presence

=== =)

Framework (AAA) Server [II' q

n-——————————————————————————————————————————————————————————————————3—~§—

s Media
Server

Interworking with

A N rk
ccess Networks Legacy Networks

(WLAN, UMTS;

HEB B =
SIP €==-% Diameter €--> R7p C—— “
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IMS Road Map

IMS Deployment Roadmap

2005 2006 2007

2008 2009 2010 2011 2012 2013-2014

IMS Reaches Trial Stage

The bulk of HSS, CSCF, BGCF, PSTN
gateways, and application sever
(mainly voice app server) equipment
move from lab testing to field trials,
some moving to services by the end of
2007

IMS Networks Emerge

IMS deployments consist of an HSS
and a CSCF to support fixed-line VolP
services deployed by both large
incumbents expanding out of their
home turf, and mobile operators
jumping into the fixed line business

Source: Infonetics

IMS Deployments Ramp Up

Large fixed-line incumbents continue to migrate their
infrastructure from PSTN to TISPAN. Mobile
operators begin to deploy IMS with the adoption of
RCS in 2010 and the migration of their mobile
infrastructure to LTE, with massive IMS deployments
expected in 2012.

Industry expects IMS deployment to ramp up, driven by PSTN migration from fixed Iine%

operators and migration to LTE together with RCS adoption from operators
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IMS is the common control platform within the NGN for many
Application Domains

P/ISDN VOIP, Videoconf.,
Emulation IM, FMC, Presence] [ IPTV ] Web 2.0

2 I i — What about
y —  EEEEEEEE I[ / . \ at apbou
A .

// =-llll L CLLLI ort Functions T ing Other IP
’ IV e Applications
- IP |\/Iuit|n|ed| S
5| i Q"b°y°*°”1 VolP/Skype
g| i
= -
u:_ -
- .
- 'I,_l_l_\
=sgurce and
g TIT - 24 .i ssion E : Best
Control Functions ulmnmn
%‘rll ; n effort
L) Enc-User |
= Functions ] Internet
< = »
\ n
\ Tl'f_"ll'lﬂ[:ii}l't Functions j |
\ N ¥
\ UNI| ® 4
\ EEEEEEE ‘.IIIIIIIIIIIIIIIIIIIIIII
\ Transport stratum j..’
\ EEEE NN EEE Cnn‘tn:l

m Media

EEEEE Management
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IMS Concept Evolution toward EPC

Main Idea: Common Control Overlay Architecture abstracts from underlying IP
network technology and provides common platform capabilities for any [IP-based

Applications / Services

(Service Delivery Platform)

(Service Delivery Platform)
HTTP-based Applications
(S)IP-based Applications SIP-based Applications
IP Multimedia Subsystem Evolved Packet Core
(Control Overlay) (Control Overlay)

l !

Mobile or Fixed Any 3GPP or non-3GPP
IP Network Mobile IP Network

Mobile Packet Switched Telco Domain

EEEERNENRZ=

Packet Switched Telco Domain (NGN)
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Mobile Network Architecture Evolution

1991 2015 ?
1= PSTN
PSTN PSTN IP PSTN
Circuit Circuit Packet Circuit Packet Packet
Switched Switched || Switched Switched || Switched Core

Access

2G GSM

Access

2G / GPRS / EDGE Evolution

Access

3G / IMS Evolution

Access

EPS (LTE/EPC)
EEEERNENR

\
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Concept Reuse: From IMS for NGN to EPC for all-IP

Other
Application
Platforms

wiojie|d uonealddy Auy

QoS, Charging,
Security

Packet Core

Mobile

3GPP Release 6 °G GPRS 2G 3G
GPRS UMTS

LTE/WIMAX

MIoMmiaN dl Auy

EPC can be seen as a more generalized ,lightweight IMS*,
Providng security, QoS, Charging, plus Mobility Management

for any IP based protocol (HTTP, SIP, P2P, ...) 3GPP Release 8

EEEERNENRZ=
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3GPP Evolved Packet Core (EPC)

B The EPC is a multi-access core network architecture based on the Internet Protocol (IP)

common for:

= 3GPP access networks (LTE-A, LTE, HSPA+, UMTS, GPRS)
= Non-3GPP access networks
= Trusted networks (cdma2000, WIMAX)
= Un-trusted networks (WiFi)
EPC provides connectivity to IP service domains IMS Internet

= IMS \/ L

= Internet or other (M2M, Cloud, P2P etc.)
The enhanced IP connectivity features include: Evolved

= Authentication and authorization - Packet Core

= Secure communication

= Transparent mobility management
= Connectivity management support
= Policy based QoS and charging

3GPP Non-3GPP

\ Access J Access

Trusted Trusted / Un-trusted

\

EEEERNENRZ=
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Simplified EPC Architecture

IP Services
Application Functions

\oice Interworking Operator
IP Services

(e.g. IMS)

GSM/PSTN/
UMTS

Application I
Function "'::/" PCRF
P2 L4
/ I,
/// I,I
- g1
Hes -~ PDN 1.7/ QoS based
Mo GW / Policy &
S . 7 Charging
User Serving |/
Authentication - - /
MME GW I
HSS - Home Subscriber Server -~ < User Plane
MME - Mobility Management Entity B
SGW - Serving Gateway Mobility R _
PDN GW - Packet Data Network Gateway Management Authoriz & Authent

PCREF - Policy and Charging Rules Function
eNB — Evolved NodeB

Mobility Mgt

\

User Equipment =
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Full EPC Architecture

s6a | mes bo—-—____ WX
| mve f--- - . : Operator
Trusted , ) pPcrr [ IP Services
3GPP Access . N -~y S~
s | (eg |MS)

User Plane

E-UTRAN Policy & Charging

Mobility Mgt

Trusted

\ Trusted 3GPP Access \ON-3GPP Access

\

Untrusted . . . . . . =

non-3GPP Access
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EPC Capabilities = Seamless IP Connectivity (= ABC)

B The EPC allows multiple access networks to be connected in a controlled way
(secure, QoS, seamless) to either

= the operator IP cloud (e.g. IMS or any intranet)
= the internet or others

B Note that the EPC provides controlled IP connectivity, in regard to

Clouds
(SaaS)

=  User authentication and authorization
= Quality of Service and related Charging

= Mobility Management Internet

Packet

’-'_
| IEI;C =P Connectwlty GW

EPC = IP Connectivity Packet
\ATINA A X GW

IMS

User EQuipment
may be connected to
several IP service
domains in parallel

\|
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3GPP IMS Architecture: IMS Core and Application Layer

_ IMS enabler
IMS Service HSS Application Presence

=== =)

Framework (AAA) Server [II' q

n-——————————————————————————————————————————————————————————————————3—~§—

s Media
Server

Evolved
Packet Core

Interworking with
Legacy Networks

HEB B =
SIP €==-% Diameter €--> R7p C—— “
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Automotive

Security & Tracking & Tracing
oi e
S

[ﬂ M2M

Payment Se g m e n tS

] (7

15

Healthcare

Remote Maintenance
and Control

Consumer Electronics

Metering

EEEERNENRZ=
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M2M — Fraunhofer FOKUS Positioning

Communication terminal
independent of human
interaction

Acting automatically or on
remote request

Managed remotely

Mobile and fixed terminals
Monitoring device (sensor)
Actuator device (e.g. switch)

Associated order of
magnitude: trillion = 1012

Network facilitating the M2M
communication

Access & core network,
backhaul, application server

Enabling connectivity (AAA &
security, session manage-
ment, QoS, charging, mobility
management)

Supporting the data traffic of
terminals (e.g. for direct and
infrastructure communication)

Supporting the signaling of
terminals

Core network (or terminal)
automating the services

Sensor data aggregation,
processing and presentation

Data caching and
interpretation

Real-time communication

Automatic decision,
processing, control followed
by communication with other
machines through:

Instructions
Notifications

\
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M2M — Total Convergence of Communication

The telecommunication industry and other business branches are currently merging into a
total convergence mediation layer possibly round the operator core networks.

w M2M Services
‘OiOi

f’ (L) B[]
Di Automotive & Metering
— Railways 'h_
Remote Maintenance @ﬁ e By
and Control = ) ) ]
= Security Tracking & Tracing

Q- ﬁ Healthcare

ensumer Electroni .

i’ gaE /.
Core

masoncom Network
Google

NWzsnpuy wnwon  ssyoueig sssuisng 13410



Competence Center NGNI Fraunhofer FOKUS

MTC Standard Landscape

Crgariration for
Standardization

= yPMA

MTC standards address in general only one part of the M2M communication

ETSI, OMA & 3GPP standards together develop a complete network oriented M2M
communication architecture

oneM2M is about to take off

G FEc—)

"sOMAQ

Zpmn Mabile Allkpnie

_W_

1 ETF

@Iigﬂee‘
Control your world

9 IEEE

M2M Devices

_Mﬂ_
==
1 ETF

@ (Iatrﬁgle:lur world
¢ IEEE

M2M Gateways
M2M Devices

Quimaxrorum

ARD BENERATION

F‘ARINERBHIP
nnnnnn

‘3 Eppz'

Access and
Core Network

“sOMmaQ

Cpan Mobile Allionce

ETSIH
TA

ABANNOERE GIgdiL Owm gl alida].

M2M Network
Middleware

\
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ETSI TC M2M Introduction

Access network Reduce connectivity costs,

optimization match ARPU targets 3GPP, 3GPPZ, etc.

Faster development and
deployment of
applications

oneM2M member SDOs,
etc.

Horizontal service
platforms and related API

Cost efficient software

Device lifecycle and application

BBF, OMA, ETSI, UPnP

management etc.
management
Data models (vertical Application level ZigBee, DLMS, Continua
specific) interoprability etc
Certification and
Device & module interoperability, reduce GSMA, etc.
costs
ETSI scope

Source: ETSI TC M2M Tutorial Draft . . . . . . %
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M2M Services & Applications

W Today
= SMS based.

= Vertical isolated systems.
= INTRAnet of Things

[ Application ][ Application ] [ Application ]

—

—

—

® Future

= Global horizontal
approach.

= INTERnNet of Things.

[ Application ][ Application ] [ Application ]

)

Network Network Network
Domain Domain Domain
| |

Device

Device

Device

1
|

1
|

1
|

|

Service Capabilities

]

[

Network Infrastructure

)

Device

Gateway |

Converged Network Domain

Device

Device

Device
—_——

\
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Functional Architecture Framework

B Service Capabilities (SC): provide functions
that are shared between different M2M

applications
M2M Applications
— Can use core network capabilities through a T :
. . mla
set of exposed interfaces specified by 3GPP, =
TISPAN, 3GPP2 Capabilities
SC1
SC3
_ M2M Device Domain sC2
— SC can involve other SCs
M2M 5C7
(to be further studied) Applications - SC6
dla
— SC can interface with CNs M2M Service mid — =C8
Capabilities
. . . Communication Modules
B Three interfaces are defined: C | core Network Connection |
— dla, mla, mld x

Core Network A Core Network B

7 EEEERNENRZ=
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ETSI M2M Service Capabilities

A set of standardized Service Capabilities (SC) is defined in

M2M Core and M2M Device/Gateway, to provide functions
that are to be shared by different M2M Applications

M2M Service Capabilities:

provide recommendations of logical grouping of functions
expose functionalities through a set of open interfaces
use Core Network functionalities

simplified, optimized application development and
deployment through hiding of network specificities from
applications

can interface to one or several Core Networks

Fraunhofer FOKUS

(&

M2M SCs provide
recommendations
of logical grouping
of functions

M2M SCs do not
mandate an
implementation

)

Not all M2M SCs are foreseen to be
Instantiated in the different parts of the

system.

Only external interfaces are mandated
and are required for compliance.

76
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Service Capabillities

1. Application Enablement (XAE);

2. Generic Communication (XGC);

3. Reachability, Addressing and Repository M2M Device Domain - M2M Nemosgnig?nwp"cation
(XRAR); M2M Applications | | M2M Applications |

4. Communication Selection (xCS); $ dla Imra

5. Remote Entity Management (XREM); DAE DCB I NCB NAE | | NTOE

6. SECurity (XSEC);

7. History and Data Retention (xHDR); - r— ol T | P

8. Transaction Management (XTM); — ocs | (]| |_Nes .

9. Telco Operator Exposure (XTOE); | owor | | DsEc | | pec NGC | | Nsc | | NHDR |

10. Interworking Proxy (xIP). M2M Service D N M2M Service

11. Compensation Broker (xCB); e 3 ==

Communicalti.?n Mot:lules \kcor e— Net,;o_u

where x stands for: N for Network, G for
Gateway, D for Device

7 EEEENEN
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oneM2M — New Global Organization for M2M Standardisation

* oneM2M will develop technical specifications
— for a common M2M Service Layer
— to ensure the global functionality of M2M

* Allow a range of industries to take advantage of M2M technology
* Connect the myriad of devices in the field with M2M application servers

worldwide

* Attract and actively involve organizations from M2M-related business

domains such as: telematics and intelligent transportation, healthcare,
utilities, industrial automation, smart homes, etc.

WWW.0Nnemz2m.org m

Fraunhofer FOKUS

78

=
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The SDOs Behind oneM2M

Founding SDOs (Partner 1 type)

.l/

ARIB Me=m 3t

Association of Radio Industries and Businesses

P

OF GLOBAL NETWORKS

Joined since the foundation (Partner 2 type)

ARIB: Association of Radio Industries and Businesses
TTC: Telecommunication Technology Committee of Japan
. ® 0 | I I Q ATIS: Alliance for Telecommunications Industry Solutions
TIA: Telecommunications Industry Association of the USA
CCSA: China Communications Standards Association
ETSI: European Telecommunications Standards Institute

TTA: Telecommunications Technology Association of Korea
OMA: Open Mobile Alliance

Open Mobile Rllionce

\

=
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Increasing Service Diversity requires Abstractions & Partnering

Strategy of the broadening ,, T(elecoms)“: Broad top, sleek bottom

Consumers > < Business Customers
Communities Kids Youth Families Retired Small SMEs Big Enterprises MNE
SalesCos. feting and Sales
SalesCos. g SalesCos. SalesCos.
SalesCos. Services and SalesCos.

Content m Modular
Open Int&faces anld APIs m Fast

Service Companies  |-----=-259INEIL SPELIC

Efficiency! . —
m ggﬁ%;e Co""i“my ® One Platform

B Operations optimized

NetC L] Infrastruc_tur(operations)
NotCos partialy outsourced
NetCos.

\|
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IMS, MTC and EPC Positioning within an SDP Environment

CRM

Billing

Operation & Maintenance Provisioning

Supervision

Portals

Goog

Gaming

Internet

Enablers

(incl. Content
Delivery)

Environment

blogs

31 Party ASP

Public network

Mobile Access
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Towards APIs / Enablers in the Smart City (SC) Context ...

SC Application Providers and Services

(Universal Coms, eLogistics, eUtilities, eEnergy, eHealth, eGov... )

 Re-use what is publicly available Import
* Create recognised user interfaces of

SC APIs

Export

Of SC
Enablers

* Resell available capabilities
e Enable value added services

Service Brokering

SC Enablers provided by SC Core Platform

(RCS, information access, QoS, Charging, lIdentity Mgt., Security, M2M)
Network Abstraction

IMS + MTC + Evolved Packet Core

Networks Network

Network J. ]

\|
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Evolution of Network APl Concepts in Telecommunications
RESTful

OMA

WSDL PIOSE, PSA, NGSI

SOAP

Telecom
Web Service APIs
CORBA Parlay X

RMI

Open APIs
OSA/Parlay/JAIN

llllllllllllll

IP Multimedia

~
%@ » System (IMS) W3C
f =
Intelligent /‘ﬁ“-@ f @ \
Network (IN) Servlets

Internet
Protocols

(IN in Mobile)

—_—

sl Community
CIEH Process

EEEERNENRZ=
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Agenda

B Smart Cities as Future Internet Show Case

® Smart City communication infrastructures requirements
N

® FOKUS Toolkits and practical examples

B Summary
B QLA
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%Fraun?g{sg Smart Clty ICT ﬁ
Tools & Testbeds

Smart Communications
Playground

0sims open mtc

Z Fraunhofer Z2 Fraunhofer

FOKUS

0 p e n e p c O::EE{GSUQEV‘EJQ

FOKUS

ZZ Fraunhofer
FOKUS
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Research Agenda of Fraunhofer:
Smart City Vision

Environment Energy Resources
= Cities that produce Cities that are greatly Cities that are profoundly
ll 2/most no more CO,- energy-efficient. resource-efficient. |
I Emissions. - 1
BRI N Y — : ‘I\;
| Quality of life | " | Society %
i ‘_....:.:: e -_.'\_/i'é'lon__ -_*'f'-‘si N
best life quality forall == b ¢ © {ifns © A7H] post-fossil society. |
residents. = A

R e SR T

Smart City ., E-Mobility

N
¢ Cities that offer a medium i

Cities that intelligently | Cities that can easily

& interlink all its potentials [& adapt to the effects of | for the change towards L
and city systems. & climate change. electromobility. s
B W e T e ) e =1 = = = ~1mﬁﬁ%¢. S

= —
7 Fraunhofer EEEEENRZ-
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About the Fraunhofer Gesellschaft

. o The Fraunhofer Gesellschaft is Europe's largest
m ‘ organization for applied research.
]
E | Libeck
remernaven
Brahen - = Fraunhofer develops products and processes
Hannover & through to technical or commercial maturity
. Potsdam B g tejtow . : .
Baunschweig B ® Individual solutions are elaborated in direct
agaebur .
Oberhausen ST Cottbuse contact with the customers
f M Dortmund . thaIIe: L . .
Duisburg  mSchmallenberg — © - 'L‘-"pz'g_o . = The Fraunhofer Gesellschaft maintains
Aachen ® . o resden _ .
m W Sankt Augustin _
M el plenal @ R — 66 self-contained Fraunhofer Institutes
= throughout Germany
Darmstadt -
N gy — with a staff of 22,000 scientists and
St. Ingbert - Wertheim M Erlangen engineers
Saarbruzen Kaiserslautern Niirr.1berg o
cartorune ™ P28 — 1.9 billion Euro annual budget
Stuttgant  croicing = More than 70% of funding are raised through
Freiburg Miinchen i ; ; ; ;
5 innovative development projects, license fees
o o and contract research
Efringen-Kirchen Holzkirchen

= Sub-companies and representative offices all
over the world

=~ —
7 Fraunhofer EEEEEERC
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Fraunhofer FOKUS — Activity Domains

Public

Innovation Management

Int bilit
System Quality Engineering < NECEOReTARIILY

Critical Infrastructure

< Identity Management

& Virtualization

eHealth

< Process Orientation

eGovernment
Smart Energy

Public Security
Smart Mobility

<L|nk|ng Legislation and Technology

Smart Communication

=
AIF:E)aKLLr;hofer . . . . . .
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FOKUS Smart Cities Vision
Transforming Data into Information

City as service provider
for citizens, enterprises,
Institutions and tourists

Smartness via

Always Best Informed and
Inter-Connected Urban
Actors (Machines, Systems
and People)

Information at any need, at any
place, at any device, at any
time, at any preference

Informed

Connected
City

= Fraunhofer

FOKUS

\




WHERE TO START?

ICT Architecture

= Data sources: government, citizens utilities, traffic data, open data

= Big Data (2020 30 Zettabytes ) / Analytics

= Use Cases ﬁ

= Legislati Measure, Analyse
egislation Aggregate and
. ) and Filter Decide
Business models Data

Optimize

=
ﬂEgaKL:ghofer . . . . . .
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ICT in Smart Cities
Backbone for Smart Cities

City as a system of systems -—
Measure, Analyse
Aggregate and
Set of separate | - and Filter Decide
technical systems |::> NCGIEiEtems Data

Affectivity and efficiency results from optimized \ Gyl /

integration of separated systems

e N
rd f Ve \"\
N N
e N el =
- Rl G g -V iy )  Fraunhofer
'\.-\1___ \,\\_ \l_ —1-._F_)‘ > — = _...q_\_\jl FO KUS
'

as Enabler and Integrator for
ICT-based Solutions

— - \ "age " T,
— / \ )
i f Y N, ", ._I e
g X X Vo
Transport N S T
""" and Traffic S— T —

=
ﬂEgaKL:ghofer . . . . . .
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Topics of Concern
FOKUS labs on ICT in Smart Cities

]% Politicsand 7/

Admflstratiorr\

= -W—+ 0

aﬁp Transport p

and Traffic

Health

\
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Urban Appllcatlons

City

depends on a
smart

I C I LA il Urban ICT infrastructure F
! P B, =l Networks/ N Sensors/ Gateways :'::"". -
; ; | . N Transmitters | actuators [Ports R
e =,_ :‘-_'_,f_."‘___.-- -, I_.J_::;a_n .r""- -

structure

= Fraunhofer
FOKUS
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A Smart City

depends on a
smart

ICT
Infra-structure

that is inspired
by

FOKUS
Labs

= Fraunhofer
FOKUS

=) PROCESS

rban Platforms

(Public) City Services

ENERG Ty weTre B CENTRAL B =

¥ S

IFE azzx ™

o

C)\a\n
'_SU

ILDEPE

Facilities

METROPOL Il

@) I trLAz

METROPSESSY

FOKUS

. ‘/:..

EMUN”

fa

S cros> AZA%E"J :
EMETROPOLIS:: ¢ 14
Z = CONNECT ARCHITECTURE GO = F & (W4

TATION = = w] LARGE 4G INNOVATION =1
PLAc_ﬁg - A“ Z unsan £S5 > TOWN = )

e -

BURBS
) MAN

U
EE

SHOPPs / Sensors /
INNOVATICEErs ctuators

« = MIDT]
lS £ B CROSS -

4 7 a[OW\TION TRA

A

-Urban ICT infrastructure

(Open) City Data

Gateways
/ Ports




Evolution of a Smart City ICT infrastructure

A Smart City ICT infrastructure is

a vast distributed system of systems that is

used for providing all kind of relevant services and data
run by multiple actors (public and private organisations)

continously being redesigned and improved.
Urban ICT policy

Smart Applications
FroCess
- EModeling

Urban Platforms

(Open) v a2 .. 1
A ' Resources

Automation

Urban ICT infrastructure

Networks | Sensors [ Stores / Gateways i I_I
Transmitters | actuators Shops / Ports . | r

New services, improved processes

= —
7 Fraunhofer EEEEENRZ



Evolution of a Smart City

METR

(]
= COMNEC

Smart Applications

||| Clients

Information & Servi 4 Devices
Enginesring / Testing e clivery ce Mashups

Validate your objectives
Get to know Best Practice

Urban Platforms

,_'_|_,\ Other
e 11 pem
Systems

Urban ICT infrastructure

Test Systems & Solutions
Use Standards to integrate S

=
AIF:BaKLLr;hofer . . . . . .
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Solutions made by FOKUS
FOKUS labs on ICT in Smart Cities

311 | HEHER LI T
b B e I T
= 1
CEO TR R =

-Lab IClos ProtocokConf. | .

s Politics and e g
— Administratiol P \and |
- Communication '
i{\i‘ T == _

A e v
= - P
Ay -
X Smart Communications

Playground
T trovrhate

~] _FUsEco
—_} O0)rlayground

et 3 Transport
and Traffic

Automotive

Smart eHealth
Lab Communicati Interop Lab
\__onsLtab _/

\

FEEEERZ

Z Fraunhofer
FOKUS



Fraunhofer Testbeds / Playgrounds

5 -
§ . ®
2 : £ ,
; 5| (% |% g g g
E 1; Smart Communications Playground Smart Communlcatlons
Playgrount
} Z Fraunhofer
T T T www.SC-playground.org
EE FUSECO Playground
e [ e b FUSECO
: E O:Oplaggr‘ound
-
| E www.FUSECO-Playground.org
|2

\
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Competence Center NGNI Fraunhofer FOKUS

A Smart City relies on Integration & Federation of

Systems

Conve PN
I E-Living

%;O" Enablement of ,Smarter Applications® by [
e-¢| allowing these to make use of common /
open data and common service

capabilities provided by a Smart City

service platform

=l

A
T Trans

Traffig

tas | .
=1L ¥ s H Education

-

i i Mok - X Security

Federation & Integration of different fixed
and mobile Network Technologies to

% ,.}Qf interconnect different machines (sensors, Culture
actuators) and people and for providing

applications seamless

\

EEEERNENRZ=



Fraunhofer FOKUS

Competence Center NGNI

Related FOKUS Testbed Evolution i
=

Lol ol L
da Lol Ll L]
e E 5—55»5-55 open S;‘ja felco Smart Communications
Playground
OSA/Parlay playground ﬁmsng

Playground | % Fraunhofer
i

WQim —

open ims e -
playground FUSECO —
2 Fraunhofer m playground =

FORLS
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Related FOKUS Testbed Evolution m - ‘

IT Impact on Telecoms

FI Applications
Smart Cities, eGov, eHealth,

a .E:ﬂl 5451 télED \eTransport, eUtilities
ID it p Smart Communications
v kel . Playground

[ 55 Fraunhofer
VCI VILTC FOKUS Z Fraunhofer

(SOA based)

Telecom APIs
arlay X, GSM On

Intelligent
Network (IN)

~n

OSA/Parlay/JA'

IN Services

Core Platform

based on SIBs

¥ openims _
IN Overlay D Iaygro und Network Abstraction
Architecture ik Evolved Packet

FOEUS L r—r~ f\\’

1
Circuit Switched \ - OI' F U S E CO
Networks Ig t' g IP Networks layground B
Crsm = (e i i
oL Cab WiMAX
GSM @ WLAN -

\
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Fraunhofer FOKUS

Competence Center NGNI

Stakeholders

Research
Application institutions

Manufacturers
developers and

Operators

II

<L

Be prepared

Validate their

Validating

universities

R&D on real

for all-1P mass products wireless
) : L network
mobile against applications conditions
broadband standard Direct access :
: Innovating
world compliant EPC to core new concent
» Validate new Looing for the functionalities P

technologies

missing pieces

and algorithms

123
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Challenges

The R&D Community Faces Intense Complexity in Realizing Meaningful Testbeds

Fraunhofer FOKUS

Trust in Research

Complexity Limits Testbed Deployments

Feasibility of new developed research
concepts or components

Alignment of application requirements and
network functionality

Customizing and mirroring operator
networks for supporting realistic
experiments

Heterogonous access technologies

. 3GPP or non-3GPP access networks
Customization and integration of distributed
functionalities

Uncertainty on which specific services will
become revenue efficient

Proprietary Systems

Standard Components

Make Innovation Difficult

Most of core network components are
delevered as closed box

Challengs in customizating usage or features
extenssion

Use cost-efficient off-the-shelf hardware

No easy replication of standard components
Developers look for open interfaces

Researchers are interested in specific
component from holistic view

Up-to-date compliant with the standard

124
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Objectives

A Realistic Testbed answers the Challenges

Fraunhofer FOKUS

Open Standard Compliant Testbeds

Configurability and Modularity

Build the know-how of core network
functionalities

Easy to understand and to evaluate
connectivity technologies

Mirror end-to-end operator network with
various standard compliant components

Allow access to the source code

Easy configurable software toolkit
implementation

Reduce the prototyping duration
Software based core network toolkits

Modular toolkit structure to select specific
components

Cost Effective Development

Extendibility

Provide the means for wireless ready
applications

Develop and evaluate wireless applications
directly over realistic wireless networks

Support standard compliant interfaces to
enable interoperability and to reduce time

Fast and Cost Effective Prototyping

Enable to validate and evaluate new
technologies or additional features

Gradual support of new core network
functionalities

Single box operator network
Supporting and applying virtualization
concepts

125
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Commercial FOKUS NGN/IMS/EPC/SOA Testbed Deployments around
the world
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Fraunhofer Testbeds / Playgrounds

% o -
L1 k =
..... s L8 8

Smart Communications Playground Smart Com munications
Over-The-T Open Communication M2M & RCS Pla round
paaadg = == ) 8

o

www.SC-playground.org

FUSECO Playground

FUSECO
O:Ij playground

www.FUSECO-Playground.org

Network Access & Control

- S S NN e

\
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Competence Center NGNI

FOKUS Smart Communication Research

Fraunhofer FOKUS

Smart Communications
Playground

A Generic Smart Communication Architecture Z Fraunhofer

* Connecting Smart City objects across
application domains

* Enabling the Internet of Things by using
M2M gateways and network
middleware to communicate efficiently

* Enabling multimedia communication
services by integrating Telecoms APIs
and platforms.

* Enable rapid application development
using M2M and H2H network APIs and
software development kits (SDK)

* Enable cross domain data analytics and
fusion to serve the need of Smart Cities

FOKUS

M2M Applications

Open Communication Server (OCS)

| OpenMTC SDK
OMA Enablers & APIs | Network
APIs

Device
APls

OpenlMS Core

visit: www.sc-playground.org
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Open Source IMS Core System

OPENIANAS ,

B Global reference for IMS test-beds

B In November 2006 the FOKUS
Open Source IMS (OSIMS)
Core System - the core of the
Open IMS playground - has
been officially released to the
general public via the BerliOS
Open Source portal

WWW.openimscore.org

B OSIMS allows industry and
academic institutions to setup own
testbeds (with or without FOKUS
support and components)

B Since then OSIMS has been
downloaded many thousand times
from all over the world

See also www.open-
ims.org

Note: IMS Client shown is MyMonster
— see www.opensoaplayground.org/tcs . . . . . .

\|



Telco Communicator Suite
Android Communication Client

® The software stems
— Extended RCS Stack from Orange Labs for VoLTE
— Compliant to GSMA RCSe specification

— Client/Server API allows easy integration with
Android native application

* Supported RCS/VoOLTE key features:
— Enhanced native address book with supported
service capabilities and presence info
— Messaging
File Transfer
1-1 chat
Adhoc group chat

1236
MOBILE

Location

— Rich Call with multimedia content sharing

A
Image Sharing ﬂo’ lie

Video Sharing

Video/Audio VolP Rich Communication

M Suite

see www.sc-playground.org/tcs for more information . . . . . . Z



L
FOKUS WebRTC Telco Stack

Signalling

Media The FOKUS WebRTC Telco Stack consists of:

*  HTMLS5 application framework for
WebRTC services.

[ * JavaScript library for browser apps to use

IM5 SIPoverWebSocket (based on JsSIP)

* Network Gateway for providing
WebSocket access to IMS-based UDP
communication

-
[

Diameter HTTP WebSocket SIP l Diameter

ERC

SRTP

* The toolkit provides end-2-end integration
of WebRTC and RTCweb into operator
back-end infrastructures.

Browser

* Identity management and AAA remains
with the operator.

IMS Client

\

Z Fraunhofer
see wywwsc-playground.org/webrtc for more information . . . . . . =
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. t
Introducing the FOKUS OpenMTC Platform %Opef.,n e

FOKUS

W Based on the success of the Open IMS Core and OpenEPC Fraunhofer FOKUS has
developed a NON-OPEN SOURCE Machine Type Communication platform, enabling
academia and industry to:

— integrate various machine devices with operator networks
— integrate various application platforms and services
into a single local testbed, thus lowering own development costs

B  OpenMTC is an intermediary layer between multiple service platforms, the operator
network, and devices
@

W This platform can be used to perform R&D m [ Applications
the fields of machine type communication

B  OpenMTC implemented features are
aligned with ETSI M2M specifications:

— Adaptable to different M2M scenarios
(e.g. automotive) Packet Core Network (EPC)

— Extensible to specific research needs
— Configurable ’
— Performant

oTT IMS OpenMTC

LTE 2G/3G WiFi DSL,FTTx

Ve =2 B
EEERNERZ

— For more see wwww.open-MTC.org |



Competence Center NGNI

Fraunhofer FOKUS

OpenMTC Architecture — Release 1

OpenMTC consists of the two main components
— Network Service Capability Layer (NSCL)
— Gateway Service Capability Layer (GSCL)
Both SCLs contain several modules

— e.g. NGC: Network generic communication,
GSEC: Gateway security, etc.

— Some of them are optional
OpenMTC allows interworking with
— OpenEPC (Evolved Packet Core)
— OpenIMS (IP Multimedia Subsystem)
— FOKUS Service Broker
OpenMTC supports:

— Various sensors and actuators (e.g. ZigBee,
FS20 devices)

— Multiple Access networks (e.g. fixed, mobile,
xDSL, 3G, etc.)

— Various Applications (e.g. Smart Cities, Smart
Home, etc.)

( M2M Middleware

Smart City oTT
Applications Applications

S x
— b S ~ v
= U] b 2 35
= @ S g 3
O = o
<

Gateway Service Capability Layer

| GGC | | GAE | |GRAR| |GsEc| | GIP |

ZigBee
F520
Bluetooth
WIFI

Sensor Actuator
l l
| l
| l

\
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OpenMTC Architecture

. *O0OMmQa — :.- ----------------- - @@

Open Mobile Allionce  §
H

.....................................................................

open mtc

ZZ Fraunhofer
FOKUS

A GLOBAL INITIATIVE

MTCWF .| PCRF/ANDSF |

ope"
1 1 | W 1
1A GLOBAL INITJAT\VE X g !
B g 1S 8 iz 8
] 1 l“,.,?, - L
mid 1 1 ] 1 1 1 1
9 | i [ | T
4 )y
open mtc
Zi Fraunhofer e
FOKUS )i
\ J
dla

i Lt Om a N _
:\\ A
Cpen Mobile Hlllan:s @ @
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OpenMTC Application Enablement

B Exposes functionalities implemented in the

service layers (N/GSCL) via the reference aprﬁEgggt,s
points '
— mla
— dla

M Single contact point for
— Network Applications (NA) '_
— Gateway Applications (GA) -
— Device Applications (DA)

OpenEPC

LTE
WiFi
3G/2G
xDSL
WiMax
Cabl

Gateway

® Performs routing between applications and e
applications

capabilities in the N/GSCL

M Routing is defined as the mechanism by
which a specific request is sent to a

particular capability Device
§ applications

[ 1 R
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Integration and Interworking on all layers
Supporting Interoperability

Heterogeneous Application R SN ._
| nteg rati on — / DataAPl  © . . i Network APl _________ _. Device API ,_ ________________________ )
0|;EnMTC S‘c‘:-f'tware Developm;nt Kit (SDK) -------------------- ; -

Heterogeneous System /

S A T S A

Platform Integration — B b et b
{ OpenEPC - i
s 88 f s
md =13 E_x s
L
Heterogeneous Device
N 3 3 N

Integration —_—/ ‘ﬁ%‘ o @‘“ ﬂ
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OpenMTC
Releases and Roadmap

OpenMTC
Rel. 2

. First

* New use case demos

* NSCL APIs & SDK
» Generic communication « Android D/GSCL

* Application enablement  « |ntegration with 3GPP core network —
« IMS based demos « ETSI resource tree EPC, PRCF/ANDSF, MTC-IWF
« Sensor integration * Remote management * Full REM SC, OMA DM
in Telco world « Integration with Telco
Services

N\



Smart City Services for End Customer Domotics and Smart Metering

OpenMTC provides a unified APl to M2M client applications while hiding heterogeneity
of end-customer premises equipment (i.e. domotics and smart meter) and the
communication links between customer premises and M2M service center.

Datacenter &
Cloud Services

) @) ‘ Domotics
) &y Network Generic Event Enabler
ﬁ Area
| > g =3 Location Server
o o - —
5 |*=_ IR .@;
«;\m i R - Presence Server
¥ RS e T ) R
% =iy > 5"“ P
3 e M2M Server
i} (ﬂ :,,A =
$ - FER ‘ Communication Internet
N Gateway -—-—_________
¥ Domotics .
C m _ ‘ M2M Client
Smart Meter M2M Area , iplication
Network '
| —
S + Met M2M Area. G TZM Energy
mart Vieter Network ateway Distributor

=
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Smart City Services for Facilities and Campuses

OpenMTC hides heterogeneity across a wider facility infrastructure (i.e. sensor and actor
networks), communications (i.e. wireline or wireless, fixed or mobile), and services (i.e.
M2M or proprietary) enabling data fusion and joint control.

Domotics Area Datacenter &
Networks Cloud Services

Smart Meters

Facility

S 4 7 Management Proprietar\f
= Server / Service
* M2M ) M2M Server
S Gateway :
| Gateway y ~~—
M2M -
] Gateway |
H Gateway ! M2M Client
. Application
Distributed
Generators

Distribution Energy
Systems Distributor

% Fraunhofer
FOKUS




Smart City Services for Early Warning and Emergency Management

OpenMTC aggregates sensor information and environmental warnings, implements
application logic and policies, and can automate counter-measures (e.g. multi-channel

hazard warning, facility management, and traffic control) via dedicated application logic.

Datacenter &
Disaster Cloud Services
Information

Evironmental &

context information Proprietary
. Server / Service
(7= L wam o
|_“ e ] ) M2M r .
KATWARN Gateway |
M2M
i Gateway
o l i Gateway M2M Logic &
v Mission Control
Weather ) ;
information
Emergency
Services &First
Traffic Control, Responder
Facility Management,
and Multi Channel
Warning
_——

~ Fraunhofer
FOKUS EEEAEN
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KATWARN — An example for cost-effective solutions m
An adaptable combination of existing technologies for KATWARN
public alerting

KATWARN

Hazards Warnings

\

Z
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Top iPhone Apps in Nachrichten (gratis)

1, . KATWARN
Hachwcien
Ak Bt 13013012
CHATH =

E BRORT BILD +
s heichign
Jaksalet 10 W02

s GEATE =

2

EMEGEL DHLINE
Macraichion
Atuskuien! 12,11 301F
CRATE =

FOCUE Online - Machazh... T
MNachrichign
Adchidied 07,11 20013

ws ERATH. =

KATWARN-App

Tageaschiu

Machrg haan

i hemlianr! 80103081
O o .

Bl IPhDhE SR
Mg b g
Mavoalisbai| 12153002
GEATE =

T LB NLAC® -]

Deulscher Bundesisy
Kachrichien
Kbt 29 0% 3012
LF GEATH =

AUTO 'WORLD Ssulsch
Kashechipn
ekl 15 003012

L3 GEATH =
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Smart City Services for eHealth and Support of Elderly People

OpenMTC supports various eHealth devices and can communicate health information to
hospitals and first responders. In conjunction with traffic & location information and data
about medical staff occupancy, critical time savings and cost reduction can be achieved.

Datacenter &
Cloud Services

= ﬁ Smartphones Proprietary

Devices

. Server / Service

M2mM
Gat v M2M Server
Gateway J
M2mM
Gateway
[ | Gateway M2M Logic and
Services
Traffic & E 6‘5
Medical staff i { —-r ')1
|/ / f
-
L} ] -
hospital 5. o T’-\ ) \y —
= ! 5?:" Medical Services & HEZT:;L& -
Treatment, Cost Reduction

\
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Future Seamless Communication (FUSECO) Playground FUSECO
O:ijlqggr‘ound

Future Internet Services

B State of the art testbed infrastructure as a
cooperation of Berlin’s Next Generation Mobile
Network expertise for TR

— Open IMS for H2H communications i ! i
— OPenMTC for M2M communications

Entertainment Smart Cities eHealth

Cloud Computing eGovernment

Internet of Things

— OpenEPC for seamless access
— Various access network technologies
B Enabling to prototype application support for

— handover optimization across
heterogeneous networks

— support for Always Best Connected (ABC)

— subscriber profile based service
personalization

— QoS provisioning and related charging
— controlled access to IMS-based services

PR
- -
- ~

Open
E P Evolved
Packet Core

Non-3GPP

— controlled access to Internet/Mobile Clouds: , : P
H ; . _ i DES-Testbed LTE-Advanced Testbed BOWL
= More information: FU erii ] [Lab%igzi?;z?%‘z?g"e,ﬁm

EEEENNRZ=
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http://www.fuseco-playground.org/
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What is FOKUS OpenEPC Platform? open epc

Z2 Fraunhofer
FOKUS

W Future massive broadband communications will be realized through multi-access support
(LTE, 3G, 2G, WiFi, fixed networks ...) and multi-application domains (OTT, IMS, P2P, M2M,
Cloud, ...)

W Fraunhofer FOKUS is developing the NON-OPEN SOURCE OpenEPC, enabling:
— integrate various network technologies and
— integrate various application platforms
into a single local testbed, thus lowering own development costs
W This platform can be used to perform R&D in the fields of Cloud Computing
: " : T Multimedia
QoS, Charging, Mobility, Security, Management, Monitoring ST M2M oiTe

®  OpenEPC represents a software implementation of the Applications & Services TS FI

3GPP EP(IZ standard a(.jdressmg academia and industry R&D: 3GPP EPC Mobility
— Configurable to different deployments e Scalability
— Customizable to the various testbed requirements ecurity QoS & Charging

— Extensible to specific research needs
— Reliable & highly performant

App. Delivery
IP Connectivity

Self-Management

Automatic (Y oFF) iEi Femto-cells
— Based on 3GPP standards i o | WH o FTE s
@  More information: s Access Networks . Fixed Networks

\
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OpenEPC beyond Rel.4

B Today satisfying demand for test-bed prototypes
— Complete test-beds from radio up to applications ~100K €
B  OpenEPC is increasingly interesting for start-ups and telco vendors!
— Redistribution licenses, Wharf as a starting point for carrier-grade equipment

B Current hot-topics with high R&D demand:
— VOLTE and SRVCC — unified telephony over 2/3G
and LTE
— LTE eNodeB experimentation and
productization

— EPC for Professional Mobile Radio
M as TETRA(POL) replacement
m GSM-R
M LTE in planes

— Small cells and HetNets

Applications & Service

148
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OpenEPC Scales for different deployments %open epc

FOKUS

W OpenEPC components can be deployed in almost any configuration possible
— Large testbeds — each component on a separate machine
— Smaller testbeds — components are grouped in same servers
— Single box testbed — components are virtualized on the same machine

— Minimized testbed — the OpenEPC components run as parallel programs on the
same box

P | wd

Large Testbed Single Box Testbed Minimized Connectivity

\
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OpenEPC is highly modular and easy to extend %Opi” €pt

FOKUS

Development of a new
Interface using a

Retrieving rotocol
the CUrrent e P Creating a new component
status Modifying an existing one
Utils Operative Y Profocol "TE'“ Interface Y Functi “
) ¥ Ol ¥ )
[Process Mgmt.] IP allocation ] [ NAS ] [ Client_Sp ] [ HSS ]
Re_creatlng [Memary Mgmt.] [ counters } { S1AP } { PCRF_Rx } % ANDSF -]
St at e i i mySql GTP PCRF_Gx PCRF
\[ IPC ] [ console Ll Diameter ll PCRF _4Gxx li PDN_GW ]JJ
[ Wharf Base ¥ ]
Remote Using the \ Replacing
Procedure interfaces i Interfaces with
Calls new contexts Proprietary Ones

150 EEEERNENRZ=
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OpenEPC Roadmap OperFow ad SoN ¢

Network Functions Virtualization
UE/eNodeB-emulation-with-WiFi
Self Organized Networks Features

Integration of 3GPP
Offline Charging
Non-3GPP AAA
Extended UE function
Dynamic node selection
Full NAS, GTP stacks

Client Mobility Rel. 4
Policy and Charging Control
Subscription Management Nov 2012

Mobile Device support Rel. 3

Jan 2012
Rel. 2

Feb 2011

LTE RAN integration
2G and 3G RAN integration
Android Mobile Devices Support

Preview Extended Mobility Multiple APN Support

(GTP, MME etc.) Radio conditions based handover
Nov. 2009 Extended AAA Traffic Shaping for QoS
More Access Networks
First demo of the Integration

OpenEPC at the Support for specific
5th IMS Workshop applications

151 EEEENEN
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OpenEPC with OpenFlow — Clean Infrastructure/Cloud Split
The Cloud

LTE

S2¢

Untrusted
Non-3GPP Access

EPC Control, Mobility and all signaling can be cloudified
B But the User Data Plane stays in the infrastructure - maximum performance

152 EEEERNENRZ=
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Fraunhofer FOKUS Toolkits and Technology Evolution Path

_— NS

2005 2010 2015 2020+
f

A

open SDN core

Z Fraunhofer
FOKUS

open Ims core

Z Fraunhofer
FOKUS

Converged Session control for SIP
multimedia services on top of IP networks

Network component
orchestration and
management; Adaptable
distributed control platform;
Programmable switches

Evolution from Session Management to
plain IP connectivity

open 5G core

Z Fraunhofer
FOKUS

open epc

Z Fraunhofer

e . : Towards 5G Core Evolution, 5G
IP Co_nnectlwty, Charglng_, RAN support, SDN data path
Security, QoS Control, Mobility, concepts, Flatter architecture
Heterogeneous Access Network
support
2G (GSM/GPRS) / 3G (UMTS/HSPA(+)) 4G (LTE/LTE-A) 5G (LTE-B / 5G-RAN)
Z Fraunhofer EEEEREC

FOKUS



Motivation for an Integrated Evolving Toolkit

* The current network evolution cycle is coming to an end
— LTEisin deployment
— Fixed network reached complete maturity
— Data Centers are available in most locations

* The technology has to be consolidated
- Simplification of the curent system
- Trust through usage

* A new cycle is beginning

— More connected devices

— Higher bandwidth/lower latency
— Global applications

* The development cycles are becoming shorter
— Early prototyping from the initial IPR up to friendly trials
— Flexibile testing platforms evolving at the same speed as the technology

\

=
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What are the next steps wireless broadband?

® 1000x more connected devices

* 10000x more data traffic

* Higher diversification of communication requirements
® Cloudification of applications

* Wide spread of multimedia caches

Initial 3G Initial LTE 176 LTE 1000x data traffic
Deployment Deployment Operators 10000x devices

2017
Bittorrent Amazon EC2 500000 Global applications
Youtube Data Centers Local Delivery
Z Fraunhofer . . . . . . %
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OpenSDNCore Scope open sdn core

Z Fraunhofer
FOKUS

* To provide self-adaptable connectivity
at the following levels

— Data Path — providing the basis
for developing novel forwarding
mechanisms

Orchestrator

— Control Plane — integrating novel
Internet and Telecom principles
in a simplified modular manner

B

— Orchestrator — self-adaptable

network deployments i _L = | _|_ |

Forwarding Plane

\

=
7 Fraunhofer www.opensdncore.org EEEEREREZC



What is OpenSDNCore Toolkit? open sdn core

Z Fraunhofer
FOKUS

® OpenSDNCore is a practical implementation of a future core network
based on the latest network evolution paradigms:
— Software D(?flned Networks (SDN) OpenSDNCore
© Separation of control and data plane
*  Flexible forwarding mechanisms
© Aggregated control plane
— Network Functions Virtualization (NFV) Orchestrator

© Self-orchestration of network components
* Network topology awareness

* OpenSDNCore high level functionality:

Control

— Switch — providing the basis for flexible forwarding research
— Control — simplified control plane

— Orchestrator — enabling network functions placement

Switch
* OpenSDNCore is a non-open source, standards inspired toolkit

designed for adaptable deployments

\

=
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Architecture Development Options

OpenSDNCore follows the development of the Network Functions Virtualization (NFV) and
Software Defined Networks (SDN) providing:

— Early prototyping platform for novel concepts
— Proof-of concept platform for the new features
— Flexible deployments — integrating with OpenEPC, OpenlMSCore, ...

Network Functions Network Network New
Virtualization _Funcfuon_s Orchestration Architecture
Virtualization Development
Current
Networks Future
(3GPP EPC, Self Massive
OpenFlow, Adaptation Broadband
Inter-Data Center Networks
Communication
Software Defined Control-Data Data Plane Control Plane
etk Plane Split Architecture Architecture

Development Development

~ Fraunhofer
FOKUS HEEEN
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Europe’s key Initiatives for Future Internet Research and Development
FIRE and the FI-PPP

NGNI is one of the most active contributors to:
— Europe’s Future Internet Research and Experimentation Initiative (FIRE)
— Europe’s Future Internet Public Private Partnership Programme (FI-PPP)

iy Coordination and
' ‘ Support Actions:
- AmpIiFIRE
- FIRE STATION
Al Call1
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25 | [ortn [Boni (1 j_l 2010 2011 17/5}? 2013 2014 2015
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Fraunhofer FOKUS’ involvement in the FI-PPP

Call1 Call 2 Call3
= _ Programme Facilitation and Suppurt ([CSA)
- B o . | THEINFINITY
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FI-WARE — a collaboration effort between operators and IT providers with
good participation from Academia

W The FI-WARE project will introduce a generic and extendible ICT platform for Future
Internet services.

W The platform — also referred to as the “Future Internet Core Platform” or “FI-WARE” —
aims to meet the demands of key market stakeholders across many different sectors,
Strengthen the innovation-enabling capabilities in Europe and overall ensure the long-
term success of European companies in a highly dynamic market environment.

Telefonica

:g,}“,

THALES

Atos vl (inteD
Origin

Alcatel-Lucent ) 8

FOLTECNICA

http://www.fi-ware.eu . . . . . .

http://forge.fi-ware.eu/plugins/mediawiki/wiki/fiware/index.php/Welcome_to_the_FI-WARE_Wiki
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FI-WARE Generic Enablers Overview

B FI-WARE Generic Enabler (GE): A functional building block of FI-WARE. Any
implementation of a Generic Enabler (GE) is made up of a set of components which
together supports a concrete set of Functions and provides a concrete set of APIs and
interoperable interfaces that are in compliance with open specifications published for
that GE.

Use Case Trial 1

Fl Core Platform
Instance

Fl Core Platform ‘ -

N, .

Use Case Trial 2

Fl Core Plaiform
Instance

-

Platform Products
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FI-WARE Generic Enablers Overview
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FI-WARE Generic Enablers Overview
(Separated per Work Package)

Data/Context Management

Cloud Hosting

Security

Applications

~

7

Internet of Things

Interface to Networks and
Devices

\
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FI-PPP FI-WARE
FI PPP Key Platform Project makes use of OpenXXX Tools

B FI-WARE project is providing the design and the first prototypes of the European
Future Internet

B Generic platform covers the following areas / topics (referred to “chapters”)

= Data/Context Management e e e ‘

= Internet of.Thmgs Service Enablement iy
= Cloud Hosting ._

= Security B | e

= Applications/Services Ecosystem and Delivery
Framework

= |nterface to Networks and Devices

FI-Ware
Generic
Enabler
Ecosystem

OpenePC .
= FIWARE aims at P e —
= |dentifying and defining generic enablers (GEs) o oo o i

= Providing an API specification for the GEs
= Showing that GEs can be realized
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Generic Enabler Ecosystem

Fi-Ware
Applications

Fi-Ware Services

Fi-Ware Use

Case Projects
Ne——

1 1 1 111 31111111

1 11

1 1

oy (| 33 ‘ “
Mmggﬁng Security Optional Metadata
preprocess
Big Data CEP - ing
Analysis
Identitiy
Management Semantic
o GE Annotation
SQL/Non- PubSub e
L R
Privacy —
Management Multimedia ! S —
—GE
Multimedia Semantic Analysls
Internal oxy G Analysis App Support
Security
— Cloud Apps Data ) . IoT .
_ col NetIC ‘gg‘g‘g s3c
FI-Ware Generic Enabler Ecosystem .
AN / // 12ND \ \ - y
~ -l / \ \
L
Connected Open Cloud Underlying
Device Networks Proxies Networks
Q
-
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FI-Ware Catalogue

® Central repository for implementations of Generic Enablers (GEI's)

Future Internet App A Future Internet App B
FI-WARE Instance 1 FI-WARE Instance 3 FI-WARE Instance 2

FI-WARE Catalogue

\|
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FI-Ware Test Bed
Open Innovation Lab (OIL)

B Why?

= Targeting business Future Internet Apps developers needs

B What?

= Laboratory: a place where people meet and find all the technology and access to
available data they need to implement their ideas
= |nnovation: making such ideas concrete and profitable by exercising them

= Open: free access to third parties

B Where?

= First step: Sevilla (extension of Fi-Ware Testbed)
= Second step: use XiFi facilities (5 nodes and more in a close future)

\|
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FI-Ware Test Bed
Open Innovation Lab (OIL)

B The FI-WARE Open Innovation Lab will be a case example of a FI-WARE Instance:

= Provides Cloud hosting capabilities so third parties can run experimental Future
Internet Applications and test them

= |ncorporates a number of Generic Enablers “as a Service” exporting well-defined
APlIs

=  Will be operated under central control and be accessible from a dedicated website

®m Developer contests during 2" half of 2013 and beginning of 2014

B 100 M€ of funding for experimentation by developer SMEs in phase 3 of the FI-PPP

\|
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Evolution of Telecom Platforms towards the Future internet
Deployments of the FI Core Platform across Europe for Large

Scale Trials The German FI-PPP Node
operated and enabled by

‘\:&\

IIIIIII II H = i
Barlin Opan Wireless Lab-

-+

Fraunhofer
FOKUS

will soon enable

a. VAN
A‘]‘T\_ Mobility é Security

%'%&.Signal Transmission & Networks mn ulture
h Urban
Production

not only in Berlin, but across Europe!
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FI-PPP Projects and Phases

s

uwn
[ _
Y - Define Requirements - Validate G - Take-up
Y~ Develop Specific Enablers - Perform tr - Target Ecosystems
& - Make Proof of Concepts - Useinfra ure - Involve software
- - Prepare p I11 developers, Web
ecosyste entrepreneurs
o
< - Develop Generic Enablers? - Refine, expand GEs - Provide, sustain
= - Make available OIL GEs
o - Open source GEs
= &
= s 3 -_— i = tE
% - Identify infrastructures 2 Update infrastructur P
= v - Federate infrastruct Infrastructures
= =
—= <L
Phase I Phase II Phase III

\
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FI-Ware - FUTURE
FI-PPP Use Case Projects A L[\plg ERNET
W e-Health fi*;tar
— FI-STAR (Phase 2) A
ﬁ: N
N | @ FAnest
® Transport, logistics and agri-food = turune Lasietice
— FlInest (Phase 1) ( (t
d
— SmartAgriFood (Phase 1) g 5’W
— Flspace (Phase 2) i rl iy FlSpace
Business Collaboration
W Social connected TV, mobile city services, and video games ~0°
— FI-CONTENT (Phase 1) WT FI-CONTENT

— FI-CONTENT 2 (Phase 2)

‘o0 ®
)v‘; FIcontent
A
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FI-Ware - - FUTURE
FI-PPP Use Case Projects 7| INTERNET

® Smart Cities and public security DUTSMQRT—

— SafeCity (Phase 1)

— OUTSMART (Phase 1) g,
F
B Smart energy 13 SafeCity
— FINSENY (Phase 1) “INsES
— FINESCE (Phase 2)
B Manufacturing
— FITMAN (Phase 2)
Q E ITMAIN
B Personal mobility Tmim:auw
— Instant Mobility (Phase 1) -0—0—
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FI-Ware - [ FUTURE
FI-PPP Use Case Projects Sites o INTERNET

Norway Finland
Phase 2 ‘ ) Hegok & grsburg
Use case trial sites (g GRE s:I::i 5
Gnthenburg Bpucses ~ ;

North Sea ‘ _MMLi""(‘M
Lithuanla Ry e

ﬁ P - V:rmuso % Migsk ‘\.,\\
] Balarus >
% Polagd. G, — .
Bﬂﬂil.l Bragus 0 ng ;-hoorkw
| Czech Rep Krakow.
§ cspace PP \ienna Slovakia o Ukrabive iS5 UNS
, FI-CONTENT 2 . '_ Austria fr'*" L G Moldl‘n:a ROPIPSCKE
FINESCE 5’5{:;‘% < gt c,::u:ei E_"“':t Rom"-_fd”’
’ FISTAR oMaiseille It* 3‘“’"’ —Bucharest | P
@ EIEMAN arc Bulgarla
’x;ll’l P Naples - |stanbul Anlé‘ara
g" p 13"’ iz Turkey
Sevill Ng ars " Tugrs Athens "
f Mediterranean — !
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www.fi-star.eu «:'

www.fistarblog.com

@fistarproject ’

www.facebook.com/fistarproject n

FUTURE INTERNET
SOCIAL TECHNOLOGICAL ALIGNMENT in HEALTHCARE

FI-STAR is a FP7 FI-PPP 2nd Phase user case trial project in the domain of e-Health. The
project started in April 2013 and will run for 24 months.

FI-STAR is establishing early trials in the health care domain, building on future internet
technology, creating a robust framework based on a “software to data” paradigm.

FI-STAR proactively engages with FI-PPP to propose specifications and standards.

FI-STAR will use the latest digital technologies to build communities made up of developers
and users.

FI-STAR will generate new business development and prepare for new partners through
open calls.

\

.
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Data to Software

Governance?
QoS?

-
| Provider Edge

The health care domain has
rejected a data to software
approach. The market has

reacted and public cloud
services were suspended

Privacy?
Security?

I Consumer Edge

182



Competence Center NGNI Fraunhofer FOKUS

Software 2 Data (S2D)
Architecture

1
|
|

PNoID dland

Generic and
Usage Specific
Enablers
Download and
Services

pno|D ele/\ud-'
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v 9 S2D Architecture
21! 3
Mobile Use w ) w
] o
g ! 3
S Download of >
8 . Generic Enablers £
a i Specific Enablers

I Apps & Services

|
R Billing & Licensing

AN @ Spedfc %

Home Use

Generic
Enablers Software
Updates
|
|
Billing,
1 Licensing
|
] Certification
|
|
|
No Patient Data |
. Upload .
| |
| |
Private/Community Cloud a a Public Cloud
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www.fistarblog.com

@fistarproject ’

FUTURE INTERNET
SOCIAL TECHNOLOGICAL ALIGNMENT in HEALTHCARE www.facebook.com/fistarproject n

Osakidetza, in Bilbao, Spain.

Developing Interactive Future Internet based
services for people with Mental Health problems.
Improve access to care and apply Core Platform to
other already existing services successively.

Medichem, in Leeds, UK.

To implement the 2-D Pharmacy

bar-coding, offering a real time reverse supply
chain model to prevent error and counterfeiting
and create interfaces to additional third part
services.

CUP 2000, in Bologna, Italy.

Developing healthcare networks to allow healthcare
professionals to share data in real-time, allowing
citizens to access healthcare data anytime, anywhere.

185

\|



FUTURE INTERNET
SOCIAL TECHNOLOGICAL ALIGNMENT in HEALTHCARE

Norwegian Centre for Integrated Care and

Telemedicine in Tromsg, Norway.

To improve the existing telehealth network for Diabetes
patients, aiming at the development of smart phone
based multi-channeling, allowing for streaming of
different data at the same time (sensor data and audio
and video)

John Paul Il Hospital, in Krakow, Poland.
Designing interactive facilities for cancer patients,
using life monitoring sensors, tablets, cameras, web
based, treatment diary, mobile and video conferencing
client.

www.fi-star.eu »x‘

www.fistarblog.com

@fistarproject ’

www.facebook.com/fistarproject n

University of Medicine and Pharmacy Carol

Davilain Bucharest, Romania.

Online Cardiology service for people with heart failure
by testing software, applications and internet-
monitoring. Improvement of physical training and also
the improvement in secondary prevention programs.

Klintkum Rechts der Isar, Technical

University, in Munich, Germany.

Implementation of the virtualization of operating theatres
to develop methodologies for minimal invasive operating
theatre environments with real time data integration for
monitoring, to reduce error rates.
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FI-Ware - FUTURE
Capacity Building and Infrastructures FI-PPP Projects /' PPFI

XIFI

W Support advanced experiments on the FI-PPP core platform in order
to leverage existing public investments in advanced infrastructures x,F’

Z Fraunhofer
W Establishes a marketplace for test infrastructures and Future FOKUS

Internet services to cope with large trial deployments involving
users

W Core federation of test infrastructures, and by coordinating efforts
with ongoing FI infrastructures and pilots (FIRE, EIT ICT Labs, CIP
pilots, Living Labs) assisted by investments in pan-European
infrastructures such as GEANT

167 EEEENEN
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FI-Ware - FUTURE
Capacity Building and Infrastructures FI-PPP Projects -/ lPI\PIFI ERNET

HEAnet Trentino Networks

Ireland Italy

Deutsche Telekom

~ 4

Rediris

German NREN
-~

France Telekom

Fraunhofer/DT

Berlin
Spain

Imaginelab

Brittany
Germany

France

XIFI Approach

®  Provision of Generic Enablers developed in FI-WARE through high-available and reliable
federation of infrastructures.

Set up of Initial Federation of 5 Nodes in Europe (Berlin, Brittany, Seville, Trento, Waterford)
Procedures and lifecycle support for FI components on the federated platform

Processes and Tools for the Deployment of new nodes in the federation

Open Call to FI-PPP Phase 2 Use Case Projects to use XIFI infrastructure for experimentation

\
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FI-Ware - FUTURE
Capacity Building and Infrastructures FI-PPP Projects -/ 'FJ[\PJFT ERNET

L
Il Infrastructure
Controllers

% 46 Testhed Multi-RAT Testbed

FRAUNHOFER Site DT Site

FOKUS Main Contribution to Xifi

® Joint deployment, operation and maintenance of the German Xifi Node in
collaboration with Deutsche Telekom

W Offering test platform for experiments in a mobile multi-RAT environment
W Support for Experiment Life Cycle Management and Monitoring

\
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FI-Ware - [ FUTURE
Capacity Building and Infrastructures FI-PPP Projects -/ lPl\PIFT ERNET
The INFINITY Project SRCNEE

— Objectives: Z Fraunhofer
FOKUS

To facilitate communication and collaboration between future internet infrastructure
owners across Europe and organisations developing future internet applications in order
to 1) position Europe at the centre of the future of the Internet 2) directly support
experimentation for FI-PPP projects and investors 3) accelerate the development and
uptake of social and commercial solutions that will provide benefit to the citizens,
businesses and governments of Europe

— Main Delivery:

B a new, useful and valuable repository of infrastructure capability and capacity that

— relates the infrastructure demand to available offerings

— facilitates the creation of an international community that can collaborate to
deliver the Future Internet

Having in-depth knowledge about the FI-PPP Core Platform as well as Usage Areas, NGNI
contributes to INFINITY’s methodology, infrastructure requirement analysis, infrastructure
profiling and detection of interoperability constraints.

190 EEEERNENRZ=
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FI-Ware
Capacity Building and Infrastructures FI-PPP Projects Infinity & XiFi

What's
i available

Coordination "O NCORD Programme =acilitation and Support
—

Capacity INFINITY Capacity Bundlng and Infrastructure

I XIFI Capacity Building
ENVIROFI

FINSENY _.‘—

FI-CONTENT F1-opace

SME Innovation

FINEST - FI-CONTENT ..l
e R A R ...nOW use It Ise
4 INSTANT MOBILITY Finesce

— FITMAN
SMARTAGRIFOOD -
FI-WARE Technology Foundation
2010 2011 2012 2013 2014 2015
Phase 1 Phase 2 Phase 3

\
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FI-Ware On The Web

Official project website:
http://www.fi-ware.eu

Project information portal:
http://forge.fi-ware.eu/plugins/mediawiki/wiki/fiware/index.php

Architecture descriptions:

loT Chapter:

http://forge.fi-ware.eu/plugins/mediawiki/wiki/fiware/index.php/Interface_to_Networks_and_Devices (12ND)_Architecture

Security Chapter
http://forge.fi-ware.eu/plugins/mediawiki/wiki/fiware/index.php/Security _Architecture

App Chapter
http://forge.fi-
ware.eu/plugins/mediawiki/wiki/fiware/index.php/Architecture_of _Applications_and_Services_Ecosystem_and_Delivery Framework

Cloud Chapter
http://forge.fiware.eu/plugins/mediawiki/wiki/fiware/index.php/Cloud_Hosting_Architecture

I2ND Chapter

http://forge.fi-ware.eu/plugins/mediawiki/wiki/fiware/index.php/Interface_to_Networks_and_Devices (12ND)_Architecture

Data Chapter:

http://forge.fi-ware.eu/plugins/mediawiki/wiki/fiware/index.php/Data/Context_Management_Architecture

192
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Agenda

Smart Cities as Future Internet Show Case
Smart City communication infrastructures requirements

The Role of IP Multimedia Subsystem, Machine Type Communication,
Evolved Packet Core and related Open APIs within emerging Smart City
SDPs

FOKUS Toolkits and practical examples

Summary

Q&A

\|
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NGNZ2FI Evolution is a Challenge
Information Technologies
(Service Oriented Architectures
& Cloud Comuting)

Clouds

19UJa1U|

Fixed and Mobile @

Telecommunications

Internet of Services

Telecommunications

|ternet of Things

Network Virtualization

<

Future
Internet

Self Organising Networks

Revolution

Evolution

>
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Total Convergence of Communication

The telecommunication industry and other business branches are currently merging into a
total convergence mediation layer possibly round the operator core networks.

w M2M Services
‘OiOi

f’ (L) B[]
Di Automotive & Metering
— Railways 'h_
Remote Maintenance @ﬁ e By
and Control = ) ) ]
= Security Tracking & Tracing

Q- H Healthcare

ensumer Electroni .

é BEE /Lol
Core

masoncom Network
Google
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4th FOKUS ,,Future Seamless Communication“ Forum (FFF) FUSE CO
Berlin, Germany, November 28-29, 2013 FO rumic

FUTURE SEAMLESS COMMUMNICATION

B Theme: ,Smart Communications Platforms for Seamless Smart City
Applications — Fixed and Mobile Next Generation Networks Evolution
towards virtualized network control and service platforms and
Seamless Cloud-based H2H and M2M Applications*

W FUSECO FORUM is the successor of the famous FOKUS IMS Workshop series
(2004-09)
» FFF 2010 attracted 150 experts from 21 nations

= FFF 2011 was attended by around 200 experts from 30 nations
= FFF 2012 was attended again by around 200 expe

® See www.fuseco-forum.org




Chair for Next Generation Networks (AV)

UNIFI Mission

UNIFI — UNIlversities for Future
Internet

UNIFI is an initiative of the Chair of
Next Generation Networks (AV) at
the Technische Universitat Berlin
aiming at building sustainable teaching
and research infrastructures in the areas
of Future Internet through global
collaboration among academic
institutions.

The initiative intends to reach its goals
via enablement and empowerment of all
stakeholders of academia:

the creation and development of high
quality curricula, integration and
exchange of teaching personnel,
students, postgraduates and researchers

TU Berlin

2unifi

University
Future Internet

among the partner universities

the creation of Competence Centers for
a sustainable development and bundling
of local expertise

the creation and development of an
open, general purpose, and sustainable
large-scale shared Next Generation
Networks Infrastructures & Future
Internet Technology Experimentation
and Research Facility via federation of
interoperable local testbeds.

the creation and operation of an
International Multilateral Academic
Network as a communication hub and
motor for intercultural understanding in

W wueJal FI aradem aVaalggy " " |
& I3 3 W ":‘ Gy

www.daad-unifi.org
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Chair for Next Generation Networks (AV)

TU Berlin
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DAAD Project University Future Internet % Uniti

University

Unifying Education and Testbeds around the Globe <L University &
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DAAD Project University Future Internet <Unl [

Unifying Education and Testbeds around the Globe = gmversuty
uture Internet
Joint R&D Projects R&D Joint R&D
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IT Telkom as Partner in DAAD UNIFI 2UNITI
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Beyond DAAD UNIFI <Unl I

Unifying Testbeds and Education for Local Industry =L University

Joint R&D Projects
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Unified Lectures

Federated Testbeds
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FOKUS FOKUS
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Current Research

TU Berlin

TRESCIMO | Testbeds for Reliable Smart City Machine-to-Machine Communication

B Context: FP7 FIRE STREP: EU/SA collaboration

W Motivation: Urbanization issues in South Africa
B Goal: Reliable Smart City Communication Platform
m  Approach:

— Smart Technologies
®m CSIR: Smart Platform
M i2CAT: Smart City Platform
® Fraunhofer/TUB: OpenMTC / FlTeagle

— Smart Sensors
®m Eskom: Utility Load Manager
W AirBase: Smart City Air Pollution Wireless Sensors

— Evaluation
™ Pilots: San Vicencg dels Horts and Johannesburg
W Testbeds: TUB and University of Cape Town
B Web: http://trescimo.eu

TRESCIMO
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TU Berlin

Approach | Main Roles

113 @®®]'} Project Management.

OpenMTC
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