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The smart city challenge for telecommunication

By 2040, more than 70 % of the world‘s population will
live in ,mega cities®, putting unprecedented demand

on infrastructure, energy consumption and services
[United Nations’ State of the World Population 2011 report]
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The smart city challenge for telecommunication

By 2040, more than 70 % of the world‘s population will
live in ,mega cities®, putting unprecedented demand

on infrastructure, energy consumption and services
[United Nations’ State of the World Population 2011 report]

NEC's vision of a smart city:

on a micro scale, a smart city has dedicated
“functional areas”, e.g. living, recreational,
work
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The smart city challenge for telecommunication

By 2040, more than 70 % of the world‘s population will
live in ,mega cities®, putting unprecedented demand

on infrastructure, energy consumption and services
[United Nations’ State of the World Population 2011 report]

Government and
agency
administration

Smarter buildings and
urban planning

Planning and

management Environmental

Public
safety

Social g
programs Human Infrastructure
Healthcare l

Education

Energy
and water

Transportation

Three cornerstones of smart cities (IBM):
Planning & Management

Infrastructure

Human

Fraunhofer FOKUS addresses all three
parts and NGNI provides the
telecommunication-related research,
development, and test-beds to industry
and other research institutions
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The smart city challenge for telecommunication

By 2040, more than 70 % of the world's population will

live in ,mega cities”, putting unprecedented demand

on infrastructure, energy consumption and services
[United Nations’ State of the World Population 2011 report]

What does this mean for telecommunication?

Time- and location-based optimization of primary and secondary resources for
telecommunication

— Time- & location-based:

on a micro scale, population density changes over the day (business districts vs.
recreational / living areas)

On a pico scale, current QoS constrains or user behavior can impact the choice of “right
resources”

— Primary: spectrum, link capacity
— Secondary: energy (consumption)
Extreme complexity in terms of
— Resource demands towards the telecommunication network
— Managing the networks
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Research topics demanded by industry:
Who'’s in the Think-Tank ?
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Requirements from the Industry’s Perspective
“Location aware resource optimization”

Efficient §
spectrum g
usage =
Cost and
complexity
efficiency
: Extreme
Offloading capacity o)
E
What does industry need?
% FraunhOfer Marc Emmelmann -- emmelmann@ieee.org %
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Location Aware Resource Optimization (1/2)
Short-Term R&D topics

Energy Liquid Cells

Efficiency

Small cells

Multi Carrier
Aggregation

Extreme

. Enhanced
capacity

Mobility

HetNets Offloading Support

Dynamic Multi-
Select Best Layer Traffic External
Cell for Up- & Steering & Handover Control
Down“nk Ofﬂoac“ng (SONS)
= —
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Location Aware Resource Optimization (2/2)
Mid- & Long-Term R&D Topics

Automate Frequency optimization
Optimization for local area access
of Spectrum Offloading
to non3GPP

Cost and netw.
Efficient complexity
spectrum efficiency
Dynamic usage

Spectrum FIEXib”Ity

Allocation Overlap with

HetNets and
Enhanced
mobility suport

SONs /

Dynamic Spectrum Mngt.: o
u . 2 Cognitive Netw.

Allocation of spectrum to
different RATs

=
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Selected R&D Highlights
NGNI’s Tools & Testbeds for Smart City ICT

Energy Liquid Cells

Automate Frequency
Optimizatio optimization for local

n of area access Offloading
Spectrum to

non3GPP
Cost and netw.

Efficient complexi
spectru ty
Dynamic m efficienc

Efficien
9%

Carrier
Aggregatio
1 Enhanc
ed
o Mobility
Offloadi Support
ng

Spectrum ysage Flexibylity
Allocation HetNets and
Enhanced
mobility
suport

Overlap with

Select Dynamic Multi- SONs /

External

Best Cell Layer Traffic Handover Dynamic Spectrum Mngt.: Cognitive
for Up- & Steermg & Control Allocagli?frégnipsggum to Netw.
Downlink Offloading (SONs)

Immediate R&D needs Upcoming

Offloading: Fast Extreme Capacity & Dynamic Multi Dynamic Spectrum Access: Resource and

Initial Link Set-Up Layer Traffic Steering: Network Spectrum Manager

for 802.11 Virtualization Functions & Software

Defined Networks SONs & Network Management: Self-
Growing Networks
Increasing Trust in orchestrated, self-
managed network optimization
OpenMTC
OpenEPC OpenSDNCore  OpenCTK
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Selected R&D Highlights
NGNI’s Tools & Testbeds for Smart City ICT
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Increasing Trust in Self-Managed, Orchestrated Network Optimization

One of the biggest issues we face when talking to network operators is that they do not trust automated /
self-organized network optimization. Even though they know they need “artificial intelligence” to handle the
complexity in network management, they still whised to handle network management by an (human)

employee who can push the read button in case the network misbehaves. [R&D Vision exchange between Fred Backer
(Cisco) and Marc Emmelmann and Julius Muller (FOKUS), July 2013]

Way forward? SON Authority

— interacts with
Orchestration Ctrl.
Loop

— Ability to reestablish
well behaving state
(go back to nth

previous configuration)

— Failure-safe default
set of configuration

Driven by:
— Regulatory Policies
— Provider Policies

\KPIs for SON Auth.

Regulartory Constrains

Provider Rules for
Operation

> Monitor

Monitor Control
{ Action

\

y

KPls Loop

U_e t+1
Action x| \‘\

©
ANy 5 8 Orchestration
Monitor c 8 of Ctrl. Loops
I =l B ——
Perm. to act g /‘
Monitor . Control L1 Action
™ KPIs ~| Loop

KPIs_C3

KPlIs

Feedback on last
actionin t-1;
Permission to act
int+l

Yvy

SON
Authority

"3

7??

Actions to revert to
previous state t-1
or
failure save default state
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Selected R&D Highlights
NGNI’s Tools & Testbeds for Smart City ICT
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SONs & Network Management: Self-
Growing Networks

OpenCTK
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SONs & Network Management:
Self-Growing Networks (Life-Cycle based network managing and repurposing)

A ‘self-growing network’ is considered a novel type of network composed of (heterogeneous) network nodes and sub-
networks that can

, also by associating with additional nodes, networks, services and functions
in that. In contrast to conventional self-organizing networks, a self-growing network is purpose-driven and is following a
predetermined or dynamically adjusted

||fe CYCIQ Purposes: Facts:
A: Facility Managment t1: temperature_reading_1 > t_threshold
B: Low confidence Fire Detection t1: temperature_reading_2 > t_threshold
A” ||fe CyCIe com ponents C: High confidence Fire Detection
D: Notification of emergency responders at: temperature_reading_1 available
incl uded : E: Triggering Evacuation of building az: temperature_reading_2 available
. b1: conf(temperature_reading_1) > conf_thr_low
—_ P u rposeS: d eﬁ n ed by Progression Points: b2: conf(temperature_reading_2) > conf_thr_low
e 0: Initialization b3: conf(temperature_reading_1) > conf_thr_mid
netwo r‘k Ca pa b | I 1ties B1: Increase accuracy of temperature_reading_1 b4: conf(temperature_reading_2) > conf_thr_mid
B2: Increase accuracy of temperature_reading_2 b5: conf(temperature_reading_1) > conf_thr_high
required to fulﬁ“ it b6: conf(temperature_reading_2) > conf_thr_high

— Transition points:
intermediate, transient
purposes enabling the
activation of purposes

(b3 A b4) v b5 (b3 A b4 Atl Atl)
v (b5 A t1)

v (b6 A t2)

(t1 Ab1)
v (b2 A t2)

— Transition rules
Facts / context acquired by

parsing received messages 0—>A B A ((t1 Ab1) v (b2 A t2)) > B.1 D->E
An(alva2)—»>B B A ((t1 Ab1) v (b2 At2)) > B.2 E—->D
Evaluation of rules create facts B A (o b b5) > C
that result in actions being B s~ BA) v b8 C
. CA((B3 A bdAtt Atl)v (D5 A t1) v (b6 A t2)) > D
trlgged CA((b3 A bd At At1)v (b5 A t1) v (D6 A 12)) > E

——
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Verification of Self-Growing:
Realization of incident-driven purpose change

° Dynamically merge existing networks (cellular network, sensor networks, etc.) to handle an
incident situation; here: detection of fire and building evacuation

— Number of reachable purposes correlate with the self-growing process

— The number of active purposes relates to the number of purpose changes of the
network’s life time

— Considering all possible combinations of context evaluated by the life-cycle’s rule set, we
experience 67 purpose changes.

*  Use of OpenCTK Toolkit

Number of reachable purposes over Network
Lifetime

Number of active purposes over Network
Lifetime
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Selected R&D Highlights
NGNI’s Tools & Testbeds for Smart City ICT

Automate Frequency

N— p— Optimizatio optimization for local
— .—«K n of __ aeseseess )
\ Spectrum
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Dynamic Spectrum Access: Resource and
Spectrum Manager

OpenCTK
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Dynamic Spectrum Access:
Managing Application

Hierarchical spectrum managers including
— Communication protocols and data structures (incl. spectrum database access);
— Spectrum portfolios and portfolio repositories (incl. optimization strategies);
— Spectral, spatial and temporal constraints for portfolios (i.e. policies).

Utilizing the QoSMOS domain concept, implemented on top of OpenCTK.

(‘Coexistence Domain \ (Coordination Domain) ( Networking Domain )
Spectrum Manager Spectrum Manager Spectrum Manager Resource Manager
(CM-SM) (CM-SM) (CM-SM) (CM-RM)
Global Spectrum Local Spectrum Bg;:;;?gfsn
Portfolio Repository Portfolio Repository

L

|
Geolocation W Spectrum Manager Spectrum Sensors ||
Database | (CM-SM) / Sensor Network

| [

1/ K /L J/
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DSA: Proof-of-

QoSMOS GDB

PROT_SM -- get_indication message received (9)
information element 0

>00010700 0DOBOO0O 5B412C54 5657532C< . -[A,TVWS, 00000000
>384D5D00 02030000 02000000 020D0000< 8M]. +s2e. 00000010
>00000000 020E0003 00000000 01000099< . 00000020
>sxzsnma 094E4200 00000000 00FA42<  .....NB. ‘3" 00000030

SM is requesting an object [A,TVWS,8M]
S A (Circle) lon: -0.113578, lat: 51.5094, radius:

constructed portfolio from [A,TVWS,8M]
spectrum Block (attributes: licansed =)

band: 7.9825e+08. . .8.0625€+08 [Hz] (TDI

i) 30[ ] (1w} FE5[ 381 (1) -un[dB](Enr)
Location constraint cle) lon: -0.113578, lat: 51.5094, radius:

PROT_SM -- get_indication message received (10)
tion element 0

>00010700 0DOBO00O 5B412C54 5657532C< . -[A,TVWS, 00000000
>384D5D00 02030000 02000000 020D0000< 8K).......
>00000000 020E0003 00000000 010000A9< -
[ menaafox o oveo o

SM is requesting an object (A, ,8M]
T e (circle) lon: -0.111778, lat: 51.5094, radius:

QOSMOS CM-SM — bash — 89x39

PROT_SM -- get_indication message received (1223)
+.-2-1..[A,0800M 00000000
+5M][A, 2000K, 449 00000010
5](A, 2600M, 54] [A 00000020
/TVHS, 8] ... 00000030
+ 00000040
+ 00000050
00000060

ED3BOAE 42000000<

B
iest_suc —- merging portfolios

1 - consisting of
44b1a998-9£b-5£27-9984-bAc462971abc:
468b880a-6a22-5a38-abad-cb7b397854e8

1493-d7d0~57a6-a22¢-51£9d031b£89
9a376687-509c-4024-9cB7-568104c02b12
new portfolio created (392ed41f-2e40-dbec-b920-9ed985£5c9al)
consistin
44b1a998-9£bf-5£27-9984-bdc462971abe
468b880a~6a22-5a38-abad-cb7b39785408
96202493-d7d0-5726-222c-51£9d031b£89
9a376687-509c-40a4-9c87-568104c02b12

ired )

e 25 e o Bl (i) 2o GZS.‘ﬂQ[Hz](downy
Desk: 0(dmm) (81I0), ~45[dB] (8d]) -120[am] (e

Spectrum Block (attributes:
and 1093050405. 1935150109l (upy /12070409,
mask: 30(dBm] (EIRR), -45(dB](ad3) E e

Spectrum Block (attributes: licensed paired
Rands 7:960-00.-5.010+08(Re] (4p) 8370408, 5. 420+08 ] (dowm)
mask: 30(dBm] (EIRP), -45(dB](adj) -120(dB](far)

Poe o miee (5 sl E It )
band: 7.9825e+08. ..8.0625e+08 [Ez] (TD
Saks 30 [cm} (1) -3 () -m[dxm.xl
atio on: T

125150409 (Hz] (down)

=

PROT_RM meirmation message recsived (1219)
e

>00010700 00010600 98220015

>8969AE12

>00020000

>F902154F

>0000F041

Setrisne . "...0F3 00000000
00000000 00020100< 00000010
04000000 06000000< 00000020
072A1C4F 00000030
0000F0C2 ) +... 00000040

0000F0C2
6D8E474E
0000F0C2
0000F041
03000000
00000000
. tiact_mpon — GO mesatzm sortioiis (15es)
transaction ID = 121
result code =
Fefolio T (98220015-566¢-4633-8965-a1257£65820) decoded portfolo follows
Spectrum Block (attributes: licensed paired )
09....2.505€+09[Hz] (up) 2.62e+09. ..2.6250+09(Hz] (down)
Baski 30(de] (BIZE), ~4S[d](8d) -120[aB] oz
licensed
2.12515€+09 Bz ] (down)
mask: 30(dBm] (EIRP), -45(dB](adj) -120(dB](far)
: licensed

8.01e+08(Hz] (up) 8.37e+08...8.42e+08(Hz] (down)
ar)

mask: 30(dBm] (EIRP), -55(dB](adj) -120(dB](far)
ZLocation constraints: (Circle) 3578, lat: 51.5094, radiu

- portfolio added to repository

Fraunhofer
FOKUS

oncept Implementation

Fraunhofer OpenCTK GUI
B Fraunhofer OpanCTi Ul

8 se Wi 8 NET Wikt B eletronische eda... I Fokus Mailnglisen [ Fraunhofer e - .. B IEEE Xol

Moving Cell Example -- CM-SM Spectrum Allocation Strategy: Random Selection

Geolocation
Database

e om0 L3S 51 S50 s 125
5 "

wea b

5737967076440
(Cirele) ton: 0115
(Bands) 3 licey

f21.s5c-a16a40170980
: #415202,1at: 51 5105, radius: 250
feensod: 3, shared: 0)

‘29ac9bes-c8:
(Circle) lon: -0.11
(Bands) 3 (licenscd:

44-897-703449563d00

HTMLS Client

Fraunhofer OpenCTK GUI
B Fraunhofer OpenCTK GUI

€ » e won

0 der i [ 6.4 ey o B8 Nerwid B

Spectrum Sensors Example -- Sensors connected to CM-RM

HTTP/

Resource Manager HTML5 Client

1007152 ba6d 423 lbI2 T TaOROAATS

Dl 515121 radis: 125
T

Spectrum Sensor
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Selected R&D Highlights
NGNI’s Tools & Testbeds for Smart City ICT
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Extreme Capacity & Dynamic Multi
Layer Traffic Steering: Network
Virtualization Functions & Software
Defined Networks

OpenEPC OpenSDNCore
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Extreme Capacity:
Core Network Evolution Strategies

3GPP Core
Network
Architecture

Short term optimizations

Enhancing capacity through
improving system performance

Overprovisioning: Adding
additional redundant components
for

3GPP Access- and core network
congestion handling approaches

SDN: Separation of data- and
control-path

Flexibility in controlling architecture
components

Elasticity in data- and control-path
Smart usage of network resources
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OpenSDNCore Scope

° To provide self-adaptable connectivity at
the following levels

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

Orchestrator

Distributed Control

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

1)

. 1

. 1

. 1

1 1

1 1

_ _ 3 ! CE L (=5 '
Orchestrator — self-adaptable v I— — .f ‘l v :

network deployments

- T“
s
8

B _L_J_ ”

Forwarding Plane
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OpenSDNCore R&D Directions

Virtualiztion for: * Dynamic Run-Time

« OpenIMS core . . .
- OpenEPC Managing complexity
« OpenSDNCore Sw/Ctrl

« OpenFlow Ctrl.

Network Self-Adaptation

Significantly different paradigms
Security Enhancements

New
Network Functions Netw_ork Network _
Virtualization _Functlons Orchestration Architecture
Current
Networks Future
(3GPP EPC, Self Massive
OpenFlow, Adaptation Broadband
Inter-Data Center Networks
Communication \
Software Defined Control-Data Datg Plane Contr_ol Plane
N roror ke Plane Split Architecture Architecture
Development Development

Telco network evolution
Transport network evolution

Building a performant
SDN switch

Adaptative traffic steering
Adaptative forwarding selection
QoS based on data traffic patterns

\
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OpenSDNCore Control Use Case
Adapting data traffic paths to the flexible network topology

HSS/SPR
S14 ( ANDSF }— —‘ HSS/SPR '
563
Ss11

Smy/ é
S1-MME
SGW-
SGW-H
LTECell A 551 o
S5/S8, LTE Cell A 5>V
S1-U S5/S8,
LTE Cell B <
SGW- o556 LTE Cell B ‘
SGW-Ip -|
LTE Cell A 1Y s5/s8 POW SGi
Stu LTE Cell A MY
S1-U
S1-u

<

LTE Cell B

LTE Cell A LTE Cell B

LTE Cell A

Elastic data flow placement aligned on real-time network topology and network load situations
Optimized data delivery through optimized data paths

— Bandwidth availability and end-to-end delay

— Flexibility due to outstanding functionality (Maintenance, failover, etc.)

— Service location

— Energy consumption of the access- and core-network

\
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Building upon Existing Test Bed Experience
OpenEPC Rel. 4: Mirroring the Future Operator Core Network

B OpenEPC includes the main functions of 3GPP Evolved Packet Core (Release 8,9, 10, 11,...)

B The principles of standard alignment, configurability and extensibility have been respected in the
overall architecture and in the specific components implemented

B  OpenEPC Rel. 4 enables the establishment of small operator network testbeds including:
Core network mobility support (GTP, PMIP)
Integration with real LTE, 3G, 2G and WiFi
AAA for 3GPP and non-3GPP accesses

Applications & Service:

Policy and Charging Control

Access network selection

Common mobile equipment support

\
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Selected R&D Highlights
NGNI’s Tools & Testbeds for Smart City ICT
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Offloading: Standardizing past research on Fast Initial Link Set-Up

Problem with 802.11 Link Set-UP
— Discovery of networks as well as the association takes too long (up to several seconds)
— Lots of users cross AP coverage area in short time

Initial Research started more than 10 years ago
— Parallel activities in Europe & Japan
— Presented to IEEE 802.11

New IEEE 802.11 Project to standardize solutions

=» more informtion in the dedicated talk on TGai in the afternoon.

\
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Selected R&D Highlights
NGNI’s Tools & Testbeds for Smart City ICT

Energy Liquid Cells

Automate Frequency
Optimizatio optimization for local

n of area access Offloading
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Overlap with

Select Dynamic Multi- SONs /

External

Best Cell Layer Traffic Handover Dynamic Spectrum Mngt.: Cognitive
for Up- & Steermg & Control Allocagli?frégnipsggum to Netw.
Downlink Offloading (SONs)

Immediate R&D needs Upcoming

Offloading: Fast Extreme Capacity & Dynamic Multi Dynamic Spectrum Access: Resource and

Initial Link Set-Up Layer Traffic Steering: Network Spectrum Manager

for 802.11 Virtualization Functions & Software

Defined Networks SONs & Network Management: Self-
Growing Networks
Increasing Trust in orchestrated, self-
managed network optimization
OpenMTC
OpenEPC OpenSDNCore  OpenCTK
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Summary
A discussion statement at the end

Even when working on single-topic solutions, keep in mind
that they have to be managed / orchestrated eventually.

Handling the complexity — on a large and small scale — is the
biggest challenge for upcoming telecommunication networks

Z hof
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Further Questions?
Contact & Further Information

Marc Emmelmann — emmelmann@ieee.org

° Download this presentation at: http://emmelmann.org/Pages/Publications.html

° Self-Growing in Incident-Driven Purpose Change (video documentation of proof-of-concept
implementation and demonstration), http://goo.gl/as89wl|

* Testbed & Toolkits
— OpenEPC, http://www.openepc.net/

— OpenSDNCore, www.opensdncore.org

— OpenlMSCore, www.openimscore.org/

— FOKUS Open SOA Telco Playground, www.opensoaplayground.org/

— NGN to Future Internet Evolution, NGN2FI, www.ngn2fi.org/
— Fraunhofer FOKUS — NGNI, www.fokus.fraunhofer.de/go/ngni/
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4th FOKUS ,,Future Seamless Communication” Forum (FFF)
Berlin, Germany, November 28-29, 2013 Forum

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”

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 experts from 30 nations

See www.fuseco-forum.org

Workshop. 3:
"Evolution of the Operator Networks
beyond EPC: SDN and NFV"
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References

° UniverSelf Project
www.univerself-project.eu

* CONSERN Project
https://www.ict-consern.eu/

* QoSMOS Project
WWW.ict-gosmos.eu

°  Smart Cities Require a Smart Approach to Technology
http://blog.advaoptical.com/smart-cities-require-a-smart-approach-to-technology/

°  Smart city: NEC's Vision for Smart Cities
http://www.nec.com/en/global/ad/campaign/smartcity/wlw/necsmartcity/pop01.html

° NEC Smart City vision — YouTube
www.voutube.com/watch?v=c36tMx6-Elg

IBM Smarter Cities — Infrastructure, Operations, People
http://www.ibm.com/smarterplanet/us/en/smarter_cities/overview/
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