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Thomas Magedanz (PhD) is professor in the electrical
engineering and comguter sciences faculty at the Technical
University of Berlin, Germany, leading the chair for next
generation networks (Architektur der Vermittlungsknoten —
AV) supervising Master and PhD Students

In addition, he is director of the "NGNI” division at the
Fraunhofer Institute FOKUS, which provides toolkits for
NGN/IMS as well as Next Generation of Fixed and Mobile
Networks /EPC test and deve//eloment tools for global
operators and vendors. Prof. Magedanz is one of the
founding members of FOKUS (1988) and member of the
management team.

Furthermore he is principal consulant of Direct Link Consult
e. V., a FOKUS Consulting spin off focussing on
professional services, strategic studies and technology
coaching.

Prof. Magedanz is a globally re(:o?nised technology expert,
based on his 18 years of practical experiences gained by
managing various research and deve/opmentapro_zects in
the various fields of today's convergence landscape
(namely IT, telecoms, internet and entertainment).

He acts often as invited tutorial speaker at major telecom
conferences and workshops around the world.

Prof. Magedanz is senior member of the IEEE, editorial
board member of several journals, and the author of more
than 200 technical pgpers/art/c/es. He is the author of two
books on IN standaras and IN evolution.
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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 Idea: 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)

! }

T§1600m1}1unlcatlons Future Internet / Smart Cities
Service Delivery Platform Core Platform

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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OTT vs. Telco Networks & Platforms — APIs/IMS/EPC/MTC as last resort??

Over the Top Multimedia Services Evolution

cs . Future
N &LE ~ Communities Internet
. 1M
\—/ Sen,; \UEC/Over Cloud
" . the Top Apps Services
NGN RCS I '
. of Services
I. of Things
Net. of the
Future
IP

2006 2010 ?2??
v All IP Networks will pave the road for Over the Top (OTT) Application
v Evolved telecom platforms may provide revenue potentials via Service
Gateways (APIs) on top VoIP/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
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Telecommunications

NGN2FI Evolution is

a Challenge

Information Technologies
(Service Oriented Architectures
& Cloud Comuting)

Smart Cities _
S
‘ Clouds &
Fixed and Mobile @ ’ 3
Telecommunlcanons 3/4 Play @ Internet of Services
@ @ lternet of Things
@ Network Virtualization
Future
Self Organising Networks
Internet
Evolution > < Revolution
| |
——
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Dimensions of the Future Internet

B Future Internet Pillars

= Network of the future
= Internet of Content =
= Internet of Things Gl Gul‘a =g Enl.-@

Future
Netwurked Somety

= Internet of Services N 8

® Infrastructure Foundation: =1 | 3
. E 3

= Network infrastructure / E £
substrate that supports the i

pillars

= Shall support capacity
requirements of Future
Internet

1] ] 111 1]
Fuh.lre Metwurk Infrastul:ture

urity, privacy, and trust

Future Internet, The Cross-ETP Vision Document, Version 1.0, 2009
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FI = Towards a Thinner Protocol Stack

Data Link

Physical

Application

Mediation

Connectivity
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Chair for Next Generation Networks (AV) TU Berlin

Switch Evolution towards Software-Defined-Networks (SDN)

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

OpenFlow Controller

Routing logic OpenFlow Protocol
O
Ethernet Switch OpenFlow Switch - ®
SOFTWARE (Control path)
Routing protocols, management and control, mobility Control Path SEAS Crlilis]

management, Access Control Lists, VPNs, etc. (OpenFlow Protacol)

HARDWARE (Data path)

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

- Independent, isolated
o VNs, running different
irtual
Networks ) 1 protocols, packet
formats, management
| - tools, etc.
Virtualised Collection of virtual
Substrate 1 resources, aggregated
to build virtual networks
N Infrastructure made of
|nfrasﬁ_llgure 7 virtualizable network
resources
P1956 Network Virtualization — Opportunities and Challenges 3]
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What is Network Functions Virtualization (NFV)

N N_etwor_'k Ftlnctions . Classical Network Appliance y N hre
Virtualization (NFV) IS a Approach ;E%E'm”“\f?qoﬁ..|| =
novel paradigm that ™ mm
presumes that the network m - - oy

. . Session Bord WAN rchestrate
functions: i eiiii’mﬁ;ekcceremt.on * R
. - remote install.
= Are implemented only ——— ﬁ [E=] l
as software (programs) P Frewl  Carer T
- Cal"l run on tOp Of Grade NAT monltor Standard nghVqumex8GServers
commaon S€ervers ' Standard nghVqumeStorage

SGSN/GGSN  PE Router BS Radio Network
. . Controller
m NFV implies that network

Standard High Volume

H . Fragmented non-commodity hardware. Wi
fu n Ctl 0 n S - Physical install per appliance per-site. NetworEIt:e{r}eit;tltlcgelsization

Hardware development large barrier to

u Can be moved aS antryfornewvendoratonstraining
req u | red innovation & competition.
= Do not require special
equipment
© NFV White Paper presented at "SDN and OpenFlow BEBEBEREDIBEZ

World Congress”, Darmstadt Oct 22-24, 2012



M2M World of Connected Services
The Internet of Things

o@ . o "e"
v, 3
e, e
S . N o
4 >, N
’
HVAC, ¢ Servers
0, o)
Transport, Oﬁy < (/7 (?‘ o
9 NS Storage
Sty S &, g . W =) ‘(\e“'e 4
Fire & Safety, 4 esp, B PCs, Rout
o, Veh. . 0 ; Yoy, ’ < il
T (s o e
Lighting, Ste Switches
Security, " PBXs, etc
T
Access, etc. c/eaOCes-‘.

Turbines
Tanks, Fighter Jets
Windmills
Battelfield Comms
UPS ;
e Human,Animal,Postal,Food/ Jeeps, Cars, Ambulances
Health, Packaging Baggage Breakdown, Lone Worker
Generators w“efT’Eatmnt,
Environ, Gen. Enyj Homeland Security, Fire
Meters, Drills il
Consumer & - -~ Person, e, Enviro. Monitor, etc.
Fuel Cells, etc. Home 4 <
Digital Cameras,
Power Systems, MID, Hog, nts POS Terminals
Dishwashers, eReaders, Tags
Rian Computers ) 2 KNG Cash Registers
Washer/Dryers, Vending Machines
Meters, Lights, TVs, MP3, Q?“
, Lights, TVs, MP3, Q@ ro D Signs, etc.
N
Games Consoles, Lighting RS &P
W d\é‘u 050‘
Alarms, etc. Q =
Zm3Ed
MR, PDAs 85 3 3 %_
2 220080
Implants, Surgical Euipment .z:' % c;’_ ? % Vehicles, Lights, Ships
—
Pumps, Montors “?‘v g 7% Planes, Signage
Telemedicine, etc. Pumps, Valves, Vats, Conveyors, Pipelines Tolls, etc.
Motors, Drives, Converting, Fabrication
BeRee(s:Qaammh 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 Inernetof Things

The Internet
M2M of Things /! :
Connected Devices A Complex Vision - |
NFC L :
M2M RFID Jpvtat :
Connected Devices 3P Objeces - =7 Matwork ang Intasuctns I
e Otject loenoBioason
NFC cem==""" Socla! impact :
|
|
|
J

2010 2015 2020 >
‘ £3 datre MIN Werkarag 30t
J noollsogasonwth.. FTROSsTYT & SULLIVAN S Froar & o 200

vodofone s
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Stop the Silo Mindset - Horizontal Approach for M2M

Existing Proprietary Solutions have common Horizontal Layers
Vertical Solutions
Application Application Application Application
1 1 1
Service Capabilities

—

Network Infrastructure
1 1 |
Network Domain @rged Network D;D

T ! v
| | | |

] [ | A

Device

Device Device Gateway

Device a Device
Device

_r
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Fraunhofer FOKUS

Europe’s key Initiatives for Future Internet Research

FIRE and the FI-PPP

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

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

Coordination and

rdlnatlonandSu rt Actions v A iy
B | e

- FIRE STATION
- FUSION

~
Building the Experimental Facility and stimulating its use Testbed / Facility

. ?rojccb.

z FED4FIRE

FIRE Federation

= T
lz CONFINE etats p(pmmmm

Community
Networks

Future
Media

FIRE

#3%.| |QOFELA | | BonFIRE | T4 IS i
) v | | o2, | SN2 oo

Call1

2010 | 2011 V 12 2013 2014 2015
\ N 1 ) )
{ 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 Eurcpean
Future Intomet |ritiative

<l M

$%)

Ising the Common enablers

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

6
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EU FI PPP
Facts

2x o 300 ITII“II:II'I

INVESTMENT BY THE EUROPEAN COMMISSION &
PROGRAMME PARTICIPANTS

158 687 18

PARTNER ORGANIZATIONS INDUSTRY SHARE IN ACADEMIC
AND COMPANIES THE PROGRAMME INSTITUTIONS

COUNTRIES REPRESENTED (2 FROM OUTSIDE EUROPE)

Fraunhofer FOKUS

................................ @ Telecom 13%
""""" ® Energy & Environment 13%
@ I(T Services + R&D 21%

Academia 11% O : 0 Cities 2%
Other TC's 1200* ® : & & = e® “Other Industries 3%
Transport & Logistics 6% ® & ¢ ¢ ® Defence & Security 4%
Business Development & :-" i ® Media & Broadcasting 4%
Management 7% @0t @ 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
overlap in industries.
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FI-WARE: Collaborating with Usage Area Projects
OUTSMART

Outsmart:
making public

FI-WARE platform will serve " smart city Infl’aStrU CtU re |n
objectives of usage areas and will ey o (OUTSMART)

ENVIR&FI et 7N

intelligent and

Envirofi: Pa ’ efficient .
environmental data Raloes==- gy ‘/ ST VGFI-CONTB;‘
in the public domain e Offw o

o (Eg l) \ Fi-content:
0&') FIH@ST N - s networked media

,,,,,,,,,,,,,,,,,, e _ i ) :
S ) . ,ra. HNS”E@,;YU including gaming

FmeSt: Logistics
increasing efficiency (e ‘ \ﬂ ‘fk ;@-
in international YT T,afﬁcandMobmg ol Finseny:
logistics value-chains (Szafgegw (SmartAgrifood)  (Instant Mobility) “wsed” Reaping the
_ _ . benefits of
Safety: Making cities SmartAgriFood: Mgklng Ing.tant Moblllty: electricity
saber @ the food value chain usmg.FI in personal management at
Goec  SMArter mobility  , © o community level

Csnart - o ©

& narod”

(<) fi-ware EEEERNEZ
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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 (IoP): 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
% E-Living

% + E-Health
@ Politics & /

E-Government

L o=

Communications ' Energy
a
q- L ° L —
i U\ /i\ s 'F-’R 1] Education
A B
...... Transport & /\ WAL a

Traffic aﬂ /\
ﬁ;‘-l-\g- Mobility ﬁ Security

%/%L‘Signal Transmission & Networks ! Culture
h Urban
Production

www.fokus.fraunhofer.de/go/ngn2fi NGNZF' P EERTRZ
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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 S~ SR —

40% vinge o 04 Gy A t@r

not captured today

suggest that over 60% will live in cities by 2030
«  50% of global GDP is generated in the largest 600 cities longthS
« There are 484 cities worldwide with populations in excess of | i ELEHEEEEE sl il

one milfr €27villion 0
* 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 5050 oo TCT emmbled

could translate into over energy efficiency

* A UN report suggests that 40,000 new cities will need to be
built worldwide by 2050 €6 OObﬂllOll

. . . rth of for the public and
« The global private & public ICT market is $1580bn per annum; e
South Korea's

) . Smart grid creates
public sector market $423bn with $179bn of that local & 50% Green New Deal

reg |0 n al g overnment and low carbon strategy create over 500,000 jobs

* The global ICT market is 15% software and around 85% ﬁ;ﬂﬁﬂﬁfﬁ“ﬂgﬁ Smart grid

services and hardware initiatives
« Total estimated global budget for improving city ICT- $35-55bn 5‘billi0n T e D
« Total ICT public sector city market circa $5bn software, people have mobile e

. phones today
$30bn services/hardware

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

o of web
connections
0 o will be mohile
by 2013

Stmart-grid-aquals-Jobar 2t least-for Silicon- Valbey 4128 hissl
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At D W W~ .-A( .ﬁd@.

Mobility Dialog and Participation

|
\
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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 FI, 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

m 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.

m 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]

\
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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
m Europe

© Asia Pacific
m Latin America

J||||

Il

2012 2013 2014 2015 2016

2017

2018 2019 2020

(Source: Pike Research)
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Agenda

m Smart Cities as Future Internet Show Case

P Smart City communication infrastructures requirements

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

B FOKUS Toolkits and practical examples

W Summary

m Q8A

\

Z



Competence Center NGNI Fraunhofer FOKUS

Smart City Vision — Information and Communication is Key

m City as service provider
Informed

for citizens, enterprises, City
institutions, and tourists

Conn_ected
B Smartness via City

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

\
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Smart Cities require a common service and network Infrastructure

City is a system of systems

AMeasuret, Analyélse
regate an
Set of separate Int & : and Filter Decide
technical systems NICOICEE = 1CMS Data /
Effectivity and efficiency results from Optimize
optimized integration / federation of S ——
separated systems -
P y Z Fraunhofer
| | N FOKUS
Adminiaration =[] e Il Luing as Enabler and Integrator for
Comminkaten, L Safety | ICT-based Solutions
-~ ARRFRR e
e AT (OF 2 Health= *  FOKUS Smart Cities Portal,
~/IN  ery Sept. 2011
N\ Q. * acatech Position Paper: ,,Smart
N QB Tramport Cities*, Jan. 2011.
o h Urban Production *  Miinchener Kreis Smart Cities

Conference in Berlin, July 2010

\
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The Smart Cities Value Chain

S AL

Enabling services
Full service delivery

Source: Accenture

\

EEEERNENRZ=



Competence Center NGNI Fraunhofer FOKUS

Future Internet ... to make our cities smart = graunhofer
A Smart City is a huge Future Internet Show Case SMART CITIES
a
I E-Living

% + E-Health
@ Politics & /

E-Government

Sl @w

Communications . Energy
[ ® - —
e AR e AF\_'R'R m{{{}'ﬁ'}ﬁ Education
E&ED Transport & VA A i -
e=—Ta

"""" Traffic aﬁ /\ -
A’TI-\&_ Mobility é Security

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

www.fokus.fraunhofer.de/go/ngn2fi NGNZF' ' R R R BREBRE
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A Smart City relies on Integration & Federation of Systems
Convergence will lead to a Common SC Service (ICT) Platform

) N
" E-Living

ealth

%i’olii

E-G

! | Trans|
ST 77 Traffid

=S

Enablement of ,Smarter Applications" by
allowing these to make use of common /
open data and common service
capabilities provided by a Smart City
service platform

— _
Ll ;.{: Education
3

/) 7N =7TC M

YN Mob N

!

Security

Federation & Integration of different fixed
and mobile Network Technologies to
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 E-Health Utilities Facility E-Energy Logistics
Collaborat communicati Management
ion on
Retrieve X X X X X
¢| " data
(0] C
c 1E) Control X X X X X
S © devices
© £
= Send data X X X X X
A/V Call X X X X X
A/NV X X X X
- conference
©
£ Messaging X X X X X
2 / File
r$| transfer
é Presence X X X X
>
T
Location X X X X X X X
Address X X
Book
QoS X X X X X
(@)}
Ewn
S 1‘3 Device/ X X X X X X X
§g entity
o S mgmt
©) Security X X 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

= |

£ c Contro

5 ®  devices X X

© £

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

= 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

Swn

9 Devi

£o Device/ X X X X

5 2 entity mgmt

> O

(@) Security X X X X X
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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
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W Summary
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Evolution of Telecommunication Platforms toward Smart
Communications

IT Impact on Telecoms

SC Cloud Applications:
RCS, UC, eGov, eHealth,
eTransport, eUtilities

Telecom APIs
Open APIs (Parlay X, GSM On

Intelligent
Network (IN)

APIs (Enablers)

Service Delivery Platfor
(SOA based)

Network Abstraction

IP Multimedia
System (IMS)

IN Services
based on SIBs

IN Overlay
Architecture

Core (EPC)

Circuit Switched

f\? Mobile B
Networks N\ obile Broadband

IP Networks N
IP N k
(NGN) etworks

GSM
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Evolution of Telecommunication Platforms toward Smart
Communications

IT Impact on Telecoms

Intelligent
Network (IN)

Open Service APIs (Enablers) APIs ¢ Intern.et of
Service Delivery Platfor ﬂ\ Services
(SOA based) = rnet

NN et Internet of

IP Multimedia Things
System (IMS)

IN Services
based on SIBs

IN Overlay
Architecture

Circuit Switched
Networks

IP Networks
(NGN)

DSL
Comsy

Network of
the Future

4

GSM
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IMS Architecture Principles

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

IMS

and
Service Enablers

IP (!) Networks

Gateway
egacy non-IM

Horizontal Architecture defining a
“docking station” for applications

Defines service enabler capabilities

Build on existing IETF and telco SDP
standards

Provides compared to standard
internet

Better security, Service based QoS,
flexible charging and single sign on

Networks
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3GPP IMS Architecture: IMS Core and Application Layer

_____________________________________________________________________________________________________________________________

_ IMS enabler |
IMS Service HSS |.___.|Application Presence g
Framework (AAA) Server |

Media

_| pcc
(PCRF)

Interworking with
Legacy Networks

H BB e
SIP <€--2 Diameter €--> RTp C=———>p “
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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 VoIP
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 line =

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
Emulation

VOIP, Videoconf.,

IM, FMC, Presence Web 2.0

)

% : .
/ +
// EumEERER/ . AN What about
/7 rlln‘lnn[Alei : Other IP
’ 5 y 4 S
’ : R Applications
R ( E /L?;E)n IP Mulumedl
S £ : Sub Ste.q Sllb"V""”‘m VoIP/Skype
= =
El ii|fe
= /N
|
é . Best
%- 1 u effort
s Foncions | | m Internet
\
\ -
\ e
\\ UNI| ®
\ wesssssy s pEEEEEEEEEEEEEEEEEEEEES
\ Transport stratum J
\ ssssssms  Control
. m Media

BEmE e Management




Competence Center NGNI

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)
Mobile or Fixed Any 3GPP or non-3GPP
[P Network Mobile IP Network
Packet Switched Telco Domain (NGN) Mobile Packet Switched Telco Domain

Z
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Mobile Network Architecture Evolution

1991 2015 ?
IP PSTN ‘
\ D
P IP
PSTN PSTN IP PSTN IMS IMS |/
Circuit Circuit Packet Circuit Packet Packet
Switched Switched || Switched Switched || Switched Core
2G GSM 2G / GPRS / EDGE Evolution 3G / IMS Evolution EPS (LTE/EPC)

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

3GPP Release 7

TISPAN >

<

s [ z

o

@% .

Optional Other >

IMS Application g"“h

QosS, Charging, Platforms 3

Security

Cable

Packet Core >

<

WLAN 4G 0

3GPP Release 6 26 GPRS 2G 58\ s %

GPRS UMTS 3_

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)

m 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)

B EPC provides connectivity to IP service domains IMS Internet
- IMS AN
= Internet or other (M2M, Cloud, P2P etc.)

® The enhanced IP connectivity features include: Evolved

Packet Core

= Authentication and authorization \_/

= Secure communication

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

Non-3GPP

Access

Trusted Trusted / Un-trusted

EEEERNENRZ=
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Simplified EPC Architecture

Voice Interworking

GSM/PSTN/
UMTS

Application
Function

L~~~ PDN
~
HSS S GW
N
S |
Use_r . Serving
Authentication MME GW
HSS - Home Subscriber Server <~ <
MME - Mobility Management Entity SSO
SGW - Serving Gateway Mobility e
PDN GW - Packet Data Network Gateway Management

PCREF - Policy and Charging Rules Function
eNB — Evolved NodeB

Operator
IP Services
(e.g. IMS)

IP Services

Application Functions

User Equipment

QoS based
/ Policy &
’ Charging

User Plane

Policy & Charging

Mobility Mgt

\|
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Full EPC Architecture

Séba I HSS |--——____ \_Vf
MME |--"" : Operator
Trusted 4 PcRF |1 1P Services
3GPP Access GX);/’//' s~
33 S11 ey ' (e.g. IMS)
af”" GX /,,
_ s~ / |
Serving S5 PDN ’ ' :
GW GW | *~_ i !
* |
User Plane
Authoriz & Authent
E-UTRAN Policy & Charging
Trusted Mobility Mgt
Trusted 3GPP Access Non-3GPP Access
Untrusted B EEBR B =

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

m 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

® 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
" oC = IP Connectivity GW

EPC = IP Connectiyj Packet
e Ivity GW

IMS

User EqQuipment
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 g
Framework (AAA) Server _Ewlr .

Evolved
Packet Core

Interworking with
Legacy Networks

H BB e
SIP <€--2 Diameter €--> RTp C=———>p “
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Automotive

Security ﬁ Tracking & Tracing
od

[n M2M

Payment Seg m e n tS

| (7

S,
= cu @ ’@

Consumer Electronics

Healthcare

Remote Maintenance
and Control

Metering

EEEERNENRZ=
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M2M - Fraunhofer FOKUS Positioning

MACHINE

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

- TO -

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

Fraunhofer FOKUS

MACHINE

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
& i@‘

IZ] IE] ()
D i Automotive & Metering
Railways
Remote Maintenance ©0
and Control o=t
= Security Tracking & Tracing

Q- ﬁ Healthcare

onsumer Electronics

——
& DBpe

i:;ixfl ©=f amazoncom

Telco
Services

\Wpsnpur wwon sayoueug ssauisng 18430
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Competence Center NGNI

MTC Standard Landscape

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
NEW:

B oneM2M is about to take off
- G EPE—) «voma

Organization for Open Mobile Allionce

Oueicatonfor R (ianas pivianee:
aa S —n N . a  das x;@ . Y ng

) j GsmA I E T F «commmnan N )
1 ETF 1 ETF %9 wimax FORUM m((@)
@ (loirggelﬁ.m world @ (loirggﬁleo'uv world @ l E E E (f,
SIEEE || oEEE ||@Ez || TR
M2M Gateways Access and M2M Network
M2M Devices M2M Devices Core Network Middleware
EEERERETENR=
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ETSI TC M2M Introduction

Access network Reduce connectivity costs,

optimization match ARPU targets 3GPF, 3GPP2, etc.

Faster development and
deployment of
applications

Cost efficient software
and application

oneM2M member SDOs,
etc.

Horizontal service
platforms and related API

Device lifecycle 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 BEER Bz
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M2M Services & Applications

B Today B Future

= SMS based. = Global horizontal

= Vertical isolated systems. approach. |

= [NTRAnet of Things = INTERnet of Things.

{ Application J [ Application J [ Application ] [ Application J { Application J [ Application ]
I l l l l i
: : : [ Service Capabilities ]
I | |
I | |

| ) | )
: : : > [ Network Infrastructure ]
' '
Domain Domain Domain Converged Network Domain
I | | | |

L 1
Device Device Device Device

Gateway

T

EEEERNENRZ=
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Functional Architecture Framework

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

applications
M2M Applications
— Can use core network capabilities through a T
set of exposed interfaces specified by 3GPP, VYR —— lmla
TISPAN/ 3GPP2 Capabilities — |
] M2M Device Domain SC2 L=
— SC can involve other SCs —
] M2M
(to be further studied) ApplicIations <ca SC6
dla
— SC can interface with CNs M2M Service mid SC8
Capabilities — ‘
B Three interfaces are defined: Cmmq”"‘cam" Modules @ \etwork ConnectionTI‘:F
— dIa, mla, mid

Core Network A Core Network B

59 EEEERNENEZ=
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M2M Functional Architecture Framework

® mla allows an application to access the M2M Service Capabilities in the Networks and

Applications Domain

mld allows an M2M Device or M2M Gateway to communicate with the M2M Service
Capabilities in the Network and Applications Domain. mId uses core network
connectivity functions as an underlying layer

dIa allows an application residing in an M2M Device to access the different M2M Service
Capabilities in the same M2M Device or in an M2M Gateway; and allows an application
residing in an M2M Gateway to access the different M2M Service Capabilities in the
same M2M Gateway

60

\
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ETSI M2M Service Capabilities

®m 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 SCs provide
m  M2M Service Capabilities: recommendations
— provide recommendations of logical grouping of functions of logical grouping

_ - : of functions
— expose functionalities through a set of open interfaces

— use Core Network functionalities *  M2M SCs do not
imolified timized lication devel t and mandate an
— simplified, optimized application development an implementation
deployment through hiding of network specificities from K /
applications

— can interface to one or several Core Networks

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.

\
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Service Capabilities

1. Application Enablement (XAE),
Generic Communication (xGC);

Reachability, Addressing and Repository
(XRAR);

Communication Selection (xCS);
Remote Entity Management (XREM);
SECurity (xSEC);

History and Data Retention (xHDR);
Transaction Management (XTM);
Telco Operator Exposure (XTOE);
10 Interworking Proxy (xIP).

11. Compensation Broker (xCB);

W N

© N U

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

M2M Device Domain

M2M Applications

l dla

DAE DCB

DTM

DRAR DREM

DCS

>
m DSEC DGC

M2M Service RIE

Capabilities

mId

M2M Network and Application
Domain

M2M Applications

mla

NCB NAE NTOE

Communication Modules

]

NTM

NREM NRAR
NCS

NGC NSEC NHDR

NIP

M2M Service
Capabilities

Core Network

62
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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.onem?2m.org m

\

~ Fraunhofer

FOKUS
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The SDOs Behind oneM2M
Founding SDOs (Partner 1 type)

ARIB Te=m Stis?

Association of Radio Industries and Businesses

A
T € sy

MANUFACTURERS & SUPPLIERS
OF GLOBAL NETWORKS CCSA

Joined since the foundation (Partner 2 type)

ARIB: Association of Radio Industries and Businesses

TTC: Telecommunication Technology Committee of Japan
. ) O I I l ‘ . 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 RAlliance

|
\

=~
o A Fratnihoter EEEENEZ



Competence Center NGNI

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
. keting and Sales I
I SalesCos. I SalesCos g SalesCos. SalesCos. I
| salescos. Services and SalesCos. I
Content m Modular
]

. L Open Int!ﬁaces aIAPIs / m Fast

= = Differentiation! £ ms t ifi
NN Service Companies |_________e_g[r_1g_r1__§pg_c_|_ Ic

® Operations optimized

B Infrastructur(operations)
partialy outsourced

Efficiency! . —
m g’;’f,%;e Co""i"my B One Platform

AleftCaos
DlefCos 1
NetCos.

\

BEEEENZ=Z



Competence Center NGNI Fraunhofer FOKUS

IMS, MTC and EPC Positioning within an SDP Environment

\
E Portals Gaming  Googh
o Enablers Internet
(incl. Content .
2 Delivery) Environment sepayase 9%
@ astraction Layer '

Public network

Operation & Maintenance Provisioning

Mobile Access Fix Access

L0
()

Supervision
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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
g ° EXpOI‘t Il labl bil
» Resell available capabilities
SC APIs Of SC p

» Enable value added services
Enablers

Service Brokering

SC Enablers provided by SC Core Platform

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

IMS + MTC + Evolved Packet Core

Networks Network

\|

Network J. ]
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Evolution of Network API Concepts in Telecommunications

WSDL
SOAP

CORBA
RMI

Open APIs
OSA/Parlay/JAIN
RPC

Intelligent
Network (IN) CAMEL

(IN in Mobile)

D

RESTful
JSON

OMA
PIOSE, PSA, NGSI
GSMA ONE API

Telecom
Web Service APIs
Parlay X

IP Multimedia

-
System (IMS) - bkl
Servlets
Internet /
Protocols ¢
A i—2d Java

bl COmmunity

I ETF GIEH Process

\
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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

B FOKUS Toolkits and practical examples

W Summary

Q&A

\
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~ Fraunhofer Smart Ci ty ICT ﬁ

\

FOKUS

Tools & Testbeds

Smart Communications
Playground

osims open mtc

Z Fraunhofer Z Fraunhofer

FOKUS

Z Fraunhofer
FOKUS [ FUTURE SEAMLESS COMMUNICATION

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
almost no more CO,- energy-efficient. resource-efficient.
Emissions. U 1
B NP AT v «d
Quality of life Society z
B Cities that provide the j Cities that represent a %

best life quality for all POSt'fOSS“ society.

W residents.

| Smart City Cllmate Change h E-Mobility S
= » L I 3
. g "‘u iy = '
] Cities that intelligently || Cities that can easily | Cities that offer a medium iy
interlink all its potentials & adapt to the effects of |- for the change towards g
and city systems. @ climate change. electromobility. S
S g QPSS . L 3

= —
Z EgaKuullhofer =
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Fraunhofer FOKUS - Activity Domains

Public

Innovation Management

Int bilit
System Quality Engineering < nteroperability
> <

Critical Infrastructure

< Identity Management

< Virtualization

eHealth

< Process Orientation

eGovernment
Public Securit
Smart Mobility
Smart Energy

<_inking Legislation and Technology

Smart Communication < Business Analytics/Big Data

=

~Z Fraunhofer
FORUS ‘'R R R RRBRE
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Solutions made by FOKUS
FOKUS labs on ICT in Smart Cities

S

— Politics and
Admlnlstrat|c

‘‘‘‘‘

Secure -
\eldentity-Lab

‘ 'ﬁf,"i.,f.,{fi-Pt‘:bIlc:.Serwces T ™
\Urban Management L\ NN

o ‘E Y f ,_,."'«:,_‘(Smam Commumcatlo&_ + o |
-7 _f = Playground |
iL.- L ] }/%"’mm o .%,,:7
a_m Transport N cc'(:)?lsugcq //
and Traffic | A somotive Smart eHealth Health
Lab \CO:‘;‘;‘:—':;“' y \ Interop Lab

\

|
% A
%Egal(uur;hofer . . . . . . =
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Related FOKUS Testbed Evolution

FI Applications
Open APIs (Parlay X, GSM onPmart Cities, eGov, eHealth,
~- eTransport, eUtilities

OSA/Parlay/JA™ Jhen $0a telco
lp ; Smart Communications
Hed el > Playground

IT Impact on Telecoms

Telecom APIs

Intelligent
Network (IN)

2 Fraunhofer _
( UcCI viLe FOKUS Z EgaKttghofer
IN Services ™\ (SOA based)
based on SIBs . Core Platform
M openims
S playground \ Network Abstraction
Architecture M i e ) Evolved Packet
FOKUS s* ~ VA N WA\ )

FUSECO -
ab mplaggr‘ound

People & Things

Circuit Switched " a fe'.bfg

Networks

e
Cesn = 1 >
DS

GSM

WIMAX

IP Networks
(NGN)
L C

ComsY g

\|




Fraunhofer Testbeds / Playgrounds

s -
P+ 5 f=
: .l || | E ,
: g 5 E g - g
I—B----ng --;‘#J--L J-- % --sz-- g----\i--- . [}
: g Smart Communications Playground S m a rt CO m m u n I C a tl O n S
8 Open C 2M & RCS
b Playgrount
. Z Fraunhofer
) 8 WebRTC Telco Stack Telco Communicator FOKUS
S T —— e —— T ———————— www.SC-playground.org
E g FUSECO Playground
I 0
o | o | _FUSECO
' 8 CCOplaggr‘ound
(-]
<
3 www.FUSECO-Playground.org
|2

- e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

\
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Commercial FOKUS NGN/IMS/EPC/SOA Testbed Deployments around
the world
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FOKUS Smart Communication Research

A Generic Smart Communication Architecture

* 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

Fraunhofer FOKUS

Smart Communications

)

Playground
Z Fraunhofer
FOKUS
j— ///'-' = P o T WP _‘\ =
y e = ~
/ M2M Applications N
\ 4
N— S
- aan e S g 7

Open Communication Server (OCS)
)
I

|
OMA Enablers & APIs |
\

OpenlMS Core

OpenMTC SDK

Network Device Data
APIs APIs APIs

OpenMTC M2M Core

OpenEPC
OpenMTC M2M Gateway

Devices

00

visit: www.sc-playground.org

\

Z



Competence Center NGNI Fraunhofer FOKUS

Future Seamless Communication (FUSECO) Playground

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

Open IMS for H2H communications
OPenMTC for M2M communications
OpenEPC for seamless access

Various access network technologies
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
controlled access to Internet/Mobile CIoudsE
B More information: |

=
i DES-Testbed LTE-Advanced Testbed
FU Berlin Fraunhofer HHI

FUSECO
OOQ playground

Future Internet Services
Smart Cities

Cloud Computing eGovernment

VOLTE/RCS

. eHealth
Entertainment

Internet of Things

Evolved
Packet Core

Non-3GPP

BOWL

Deutsche Telekom
Laboratories at TU Berlin

J/

FUSECO-playground.org

\
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Open Source IMS Core System

OPENEIMS

B Global reference for IMS test-beds playground
® In November 2006 the FOKUS % ----- A
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

m 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

L L e

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

\|



Telco Communicator Suite

Video sharing with 1236

Android Communication Client e
:’.5._ = § =2 5 : | LIJ" ‘
The software stems 3 1 m‘m
— 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/VoLTE key features:
— Enhanced native address book with supported
service capabilities and presence info

— Messaging
File Transfer
1-1 chat
Adhoc group chat
Location
— Rich Call with multimedia content sharing AN
Image Sharing wo lte

Video Sharing
Video/Audio VolP Rich Communication
il e

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



FOKUS joyn App for Deutsche Telekom .
Extending RCS for Facebook Image sharing T joyn

App uses Deutsche Telekom RCS network gateway to provide mobile image sharing for
Facebook images

Extends Facebook network with mobile operator RCS network
¢ N & # 09:51 e~ ¢ Q@ & Tul B 1427 M > / J B 14:29

m Facebook Picture Picker m Facebook Picture Picker n Georgi =

Welcome to Facebook JEE] 100349266750225
No description available Touch to send!

facebook N 100349310083554

%+ No description available
Log in to use your Facebook account with

androidRCS. W 100349356750216 %l "
\ -
’ - s

Das ist ein Test

. g \
Get Facebook for Android and N % 100349366750215 ; / cool

browse faster. o e s £ 1
! No description available .. 3, ~ \ . ¢

Already have an account?
100349393416879 i have another one shared on

. * No description available & | 7y facebook
alice@fokus.fraunhofer.de ;‘ ) e aceboo

¥ o ©100349426750209
No description available

100349463416872

: : Sending photo...
No description available op

,\" 100349500083535
g No description available

~ Fraunhofer
FOKUS
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Introducing the FOKUS OpenMTC Platform g«Open e
B 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 |i| [ Applications
the fields of machine type communication
B  OpenMTC implemented features are

aligned with ETSI M2M specifications: otT IS
— Adaptable to different M2M scenarios
(e.g. automotive) Packet Core Network (EPC)

— Extensible to specific research needs
— Configurable
— Performant

LTE 2G/3G WiFi DSL,FTTx

3 -
oﬁiht ed" = B
| EEEENEZ

— For more see wwww.open-MTC.org ‘
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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.)

Smart City oTT
Applications Applications

f M2M Middleware

- — - -

U U pu g pu i s s pa 4

Network Service Capability Layer

|NGC || NAE | [NRAR| [ NSEC| " [NREM]

__________________________________

4G/3G/2G

Gateway Service Capability Layer

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

ZigBee
Fs20
Bluetooth
WIFI

Sensor Actuator
l |
| |
l |

\
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OpenMTC Architecture

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

“sOMaAQ

Open Mobile Alliance |
H

Competence Center NGNI Fraunhofer FOKUS

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

open mtc

Z Fraunhofer

A GLOBAL INITIATIVE

MTCIWF i PCRF/ANDSF |

e el - - - - - -

open mtc

Z Fraunhofer
FOKUS

“sOMaQ

Open Mobile All
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OpenMTC Application Enablement

®m Exposes functionalities implemented in the
service layers (N/GSCL) via the reference
points
— mia
— dla

B Single contact point for 1 SN —— 1
— Network Applications (NA) A R R Y g T Tyt
— Gateway Applications (GA) openeee
— Device Applications (DA)

LTE

WiF
3G/2G
xDSL
WiMa:
Cable

mlid

Gateway

®m Performs routing between applications and LW
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

dla

\
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Integration and Interworking on all layers
Supporting Interoperability

Heterogeneous Application N __
Int e g ratl on — / J— Data APl , ________ 4 Network API : _________ .. Device API ;. ........................ .
‘. Op;nMTC S;ftware Developmént Kit (SDK) ------------------- ; .

mla

Heterogeneous System /
Platform Integration

' MTCAWF i PCRF/ANDSF |

) &0 .

OpenEPC

v 2 3 v

w ] [ e

S g iR R
mlid
dla

Heterogeneous Device
Integration —/
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Fraunhofer FOKUS

OpenMTC
Releases and Roadmap

OpenMTC
Rel.1

» Generic communication
* Application enablement

« IMS based demos + ETSI resource tree

* Sensor integration
in Telco world

+ Remote management

« Integration with Telco
Services

OpenMTC

* New use case demos
» NSCL APIs & SDK
» Android D/GSCL

« Integration with 3GPP core network — EPC,
PRCF/ANDSF, MTC-IWF

* Full REM SC, OMA DM

\
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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

Facilit
Y Proprietary

¥ = Management .
= . Server / Service
y L M2M

i M2M Server
" 4 Gateway
| Gateway
M2M
- ! Gateway
4@ -‘/Gateway M2M Client
Application
Distributed
Generators S .
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 &

= - i context information Proprietary
5 S - Server / Service
@ M2m M2M Server
l Gateway
KATWAR N I Gateway
M2M
A Gateway
'—| ‘ Gateway M2M Logic &
; Mission Control
Weather
information ” S P Ty
AREP Emergency ) >
L Services &First 3
Traffic Control, Responder
Facility Management,
and Multi Channel
Warning
—-—

~ Fraunhofer
FOKUS EEEN
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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 &
"" Devices Cloud Services
~ ‘ '
: : Smartphones Proprietary
”Sewer/&ewice
|—1 M2M M2M Server
' Gateway
Gateway
M2M
Gateway -
r I ' Gateway M2M Logic and
Services
Traffic & _ g
Medical staff / { /' Y
| A ] f
S ik A ¥ Jll\lw ,'f" %
el - A MOl v\ /¥ Y - .,’
Spi 5. 8 ) WY :
NV
> [~ Medical Services & ngzltt;rls& ’
A . Treatment, Cost Reduction
e~

\
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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

.!l‘i," @ O J K
A _— &y Networ Generic Event Enabler
ﬁ Area
g. - «(:@’ Location Server
Presence Server
M2M Server
/
° B e  Communication Internet
. Dy o Gateway _
IR —_—
y Domotics 5
C ™ M2M Client
Smart Meter M2M Area Application
Network
—
s + Met M2M Area G“:IZM Energy
mart Meter Network ateway Distributor

=

~ Fraunhofer
FOKUS
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What is FOKUS OpenEPC Platform? open epc

Z Fraunhofer
FOKUS

®m 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, ...)

®  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
®m This platform can be used to perform R&D in the fields of

QoS, Charging, Mobility, Security, Management, Monitoring M“'t‘i;‘_?dia M ;:;:Ud com":ult_:‘:
m  OpenEPC represents a software implementation of the Applicati ) 0 FI
|pplications & Services

3GPP EPC standard addressing academia and industry R&D: 3GPP EPC Mobility
— Configurable to different deployments Security Scalability
— Customizable to the various testbed requirements QoS & Charging
— Extensible to specific research needs App. Delivery
— Reliable & highly performant -
— Based on 3GPP standards —— | WIFi . Femto-cells G
® More information: Access Netwo,ksLTEFixed Networks

EEEERNENEZ=

Self-Management
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OpenEPC Roadmap CperTion s S e

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 Rel. 5/6
S1AP with APER, X2AP

Core Network Mobility

Client Mobility

Policy and Charging Control Rel. 4
Subscription Management Nov 2012
Mobile Device support Rel. 3

Jan 2012
Rel. 2
Feb 2011 LTE RAN integration

Rel. 1 2G and 3G RAN integration

Aprll 2010 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

\
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OpenEPC with OpenFlow — Clean Infrastructure/CIoud Spllt

The Cloud e

Yemo

EPC Control, Mobility and all 5|gnaI|ng can be cloudified
B But the User Data Plane stays in the infrastructure 2> maximum performance

% EEEERNENEZ=
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Fraunhofer FOKUS Toolkits and Technology Evolution Path

2005 2010 2015 2020+

_~
ZZ Fraunhofer
FOKUS

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

Z Fraunhofer
FOKUS

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

Evolution from Session Management to
plain IP connectivity

~Z Fraunhofer
FOKUS

\

~ Fraunhofer

FOKUS
. . : Towards 5G Core Evolution, 5G
IP Co_nnectlwty, Chargmg{ RAN support, SDN data patI’1
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 . . . . %

FOKUS
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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.

;g}vq""-. Y :,4.' 3 > :‘ “Iolo -\ 7%
: & 2 NEC E’IV

-

ERICSSON
technicolor —
— = TELEC QM

Nokia Siemens
- SIEMENS

Atos v intel)
O rigi n L-/ é; ENGINEERING

Alcatel-Lucent @ g

| ZF hof nivensiTaT
roxos o BIINRIA

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

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

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

Data/Context Management e e e
Internet of Things Service Enablement L
Cloud Hosting

Security q

Applications/Services Ecosystem and Delivery
Framework

Interface to Networks and Devices

rT1rrrrrrrrrr

FI-Ware
Generic
Enabler
Ecosystem

OpenEPC T

FIWARE aims at IFTT 1T 11111117171

Identifying and defining generic enablers (GEs) iy et e
Providing an API specification for the GEs “
Showing that GEs can be realized

\
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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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Chair for Next Generation Networks (AV)

UNIFI Mission

UNIFI - UNIversities 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
among the partner universities

TU Berlin

>
I | ~
zunifyi
<
< University

(O Future Internet

B 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
the international FI academic community

www.daad-unifi.org
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DAAD Project University Future Internet 2UNITl
Unifying Education and Testbeds around the Globe <

=== AV
ﬁ g?: e

www.av-tu-berlin.de

Hanoi University of Science and
R&D
—— Technology
Testbeds /—\ en.hustech.edu.vn

University
Future Internet

R&D
Lectures
Testbeds

Universidad de Chile R&D
Lectures
| www.uchile.cl Testbeds

L Ingenieria Eléctrica R&D R&D
@~ FACULTAD DE CIENGIAS
o FISICAS Y MATEMATICAS Lectures Lectures
g UNIVERSIDAD DE GHILE
Testbeds U Testbeds

Chulalongkorn University

www.chula.ac.th

0‘5'\\‘/ of que s
-

University of Cape Town

www.uct.ac.za

Enabled by 'tqule@

A Pan-European Laboratory Project

www.daad-unifi.org
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DAAD Project University Future Internet ~ 2 (YN ITI
Unifying Education and Testbeds around the Globe jf

University
Future Internet

Joint R&D Projects R&D Joint R&D
Awareness Creation  \Workshops Workshops Workshops
Unified Lectures Lectures Lectures ~ “<» Lectures

Federated Testbeds e <> -

openmtc  OSIMS

Z Fraunhofer Z Fraunhofer
FOKUS FOKUS

open epc ) )
o Enabled by teagles

FFFFF
A Pan-European Laboratory Project

www.daad-unifi.org
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IT Telkom as Partner in DAAD UNIFI 2uUn
Unifying Education and Testbeds around the Globe <

U > AV

www.av-tu-berlin.de

Hanoi University of Science and
R&D
—— Technology
Testbeds f—\ en.hustech.edu.vn

I]1

University
Future Internet

R&D
Lectures
Testbeds

Universidad de Chile han
Lectures
www.uchile.cl Testbeds
& Ingenieria Eléctrica R&D R&D . .
) c FISIOAS ¥ MATEMATICAS | Lectures Lectures ChUlalong korn Un|VerS|ty
il UNIVERSIDAD DE CHILE
Testbeds U Testbeds
www.chula.ac.th

oY of Cape 5
-

University of Cape Town

www.uct.ac.za

www.daad-unifi.org
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Beyond DAAD UNIFI %unl |
Unifying Testbeds and Education for Local Industry = university &
Joint R&D Projects R&D Joint Industry R&D Projects
FUSECO T
Awareness Creation ~ \Workshops Workshops Forummm
Unified Lectures Lectures Lectures <> Lectures

¢ ¢

Smart Communications
Federated Testbeds - € oo

openmtc  OSIMS FUSECO
Z Fraunhofer Z Fraunhofer CC() playground
—_—
_open epc Z Fraunhofer
Z EgaKl:Jnshofer FO K U S

www.daad-unifi.org
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TU Berlin

Current Research

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

B Context: FP7 FIRE STREP: EU/SA collaboration

B Motivation: Urbanization issues in South Africa

B Goal: Reliable Smart City Communication Platform
m Approach:

— Smart Technologies
®m CSIR: Smart Platform
® i2CAT: Smart City Platform
B Fraunhofer/TUB: OpenMTC / FITeagle

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

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

TRESCIMO
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Motivation | Smart Cities

- Cities are the engine for future economic growth: 65% of the GDP in 600 global cities in
2025 [McKinsey]

«  Cities take up a mere 2% of the world’s land mass, but account for 80% of the world’s
energy consumption, 70% of the world’s greenhouse gas emissions, 60% of our water
consumption [UN]

«  Urbanization will significantly increase [UN], growing world population: 9.3 billion in
2050, growing % of people live in urban areas (> 50% in 2035 Africa).

e In Africa: from 412 million now => 870 million in 2035

mSmarter and greener cities are needed to address challenges (resources, infrastructure,
sustainable, liveable, economical, social, environmental). ICT allows cities/people to make
better decisions (smarter) and become greener (better usage of available resources).
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TU Berlin

Approach | Main Roles

EURESCOM Project Management.

OpenMTC
Tthnis'che ' E deVelopmentS.
Universitat Te Stb e d

Berlin ] )
interconnection.

~ Fraunhofer OpenMTC
FOKUS
developments.

AirBase\\ Smart device

\

developments.
Testbed setup.

it S 12 ’ Experimentation and

Moo evaluation.

Scenarios and
requirements.
Smart City platform
developments.

Testbed setup.

Smart device
developments.
Testbed setup.

0
our future through science
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a
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® Eskom

These partners are not funded by the EC.
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Approach | Collaboration between Europe and South Africa

® €skom C§I R
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4th FOKUS , Future Seamless Communication” Forum (FFF) FUSECO
Berlin, Germany, November 28-29, 2013 Forum

FUTUR SEAMLESS COMMUNICATION

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"

B 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
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Agenda

B Smart Cities as Future Internet Show Case

® Smart City communication infrastructures requirements
B

B FOKUS Toolkits and practical examples
B Summary
m Q&A
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Z Fraunhofer Smar t Ci ty I CT ﬁ
Tools & Testbeds

FOKUS

Questions

~ Fraunhofer
SMART CITIES



Chair for Next Generation Networks (AV) TU Berlin

Useful Links

Fraunhofer FOKUS NGNI Competence Center: www.fokus.fraunhofer.de/
go/ngni

TU Berlin Chair for Next Generation Networks: www.av.tu-berlin.de
Open IMS Core Project: www.openimscore.org

Open IMS Playground: www.open-ims.org

Open MTC Project: www.open-mtc.org

Open EPC Project: www.openEPC.net

Smart Communications Playgorund: www.sc-playground.org

Future Seamless Communication Playground: www.fuseco-
playground.org

NGN to Future Internet evolution Lab: www.ngn2fi.org
Future Internet testbed tool FITeagle: www.fire-teagle.org
Future Internet PPP: http://www.fi-ppp.eu
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Contact

\

~ Fraunhofer
FOKUS

Prof. Dr.-Ing. habil Thomas Magedanz
TUB Chair Next Generation Networks / Director FOKUS NGNI Division

D} thomas.magedanz@fokus.fraunhofer.de
7 +491711727070
® +49 30 3463 7229
[=1 www.fokus.fraunhofer.de/go/ngni




