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An overview of ICT ecosystem and IOT



Goals for a Sustainable Future : The SDGs
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Realizing the potential of digital technologies countries
and entities have embarked on digital nation, smart city,

digital transformation programs...
(leveraging ICT infrastructure for digital payment is key to realizing this)

= Digital India

Power To Empower
~ £5% Smart Nation
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Digital
Agenda for Smart Cities
(China)

Europe
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We are sitting on an opportunity curve in this digital society.....
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I [Capiuanf SCADA, sensor network, HART, ]
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Sensing

- network WPAN, video surveillance, RFID, etc.
layer

Terminal  sensor, transducer, actuator, camera, RFID reader.
node barcode scanner, GPS tracker, eic.
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f City physical piped water, sewage, electricity, gas. waste management, knowledge
| infrastructure infrastructure, health infrastructure, transport, road, building, etc.

Source: ITU-T Focus Group on Smart Sustainable Cities
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Digital Transformation Process
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Framework Strategy Roadmap
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2015 2016 2017 2020 2021
Maobile cellular 7.2 bn (ITU) 7.4 bn (ITU) 7.74 bn (ITU) 8.3 bn (G5SMA)} 8.4 bn (GSMA)
subscriptions 7.2 bn (GSMA) 7.5 bn (GSMA) 7.8 bn (E) 8.4bn(E) 8.6 bn (E)
7.2 bn (E) 7.5 bn (E)
Unigue mobile 4.6 bn (GSMA) 4.8 bn (GSMA) 5 bn (GSMA) 5.4 bn (GSMA) 5.5 bn (GSMA)
phone users 5.0 bn (E) 5.1 bn (E) 5.3 bn (E) 5.7 bn (E) 5.8 bn (E)
5.4 bn (Cisco)?
LTE subscriptions 1.1 bn (GSMA) 1.8 bn (GSMA) 2.6 billion 4.1 bn (GSMA)} 4.5 bn (GSMA)
1.1 bn (E) 1.9 bn (E*) (GSMA) 3.5 bn (ABI) 5.3 bn (E)
. 1.37 bn (ABI 2 bn (Strategy 2.8 bn (E*) 4.8 bn (E)
Estimates of the Research)* Analytics®) 3.6 bn (4G Am)
1.068 bn (GSA
Global Market: 2015, . CHGSA
5G subscriptions e - - 70 m (GSMA) 220 m (GSMA)
2016, 2017,2020 55million (E) 190 million (€)
and 2 02 1 Mobile broadband 3.2 bn (ITU) 3.65 bn (ITU); 4.2 bn (ITU) 6.5 bn (GSMA)} 6.9 bn (GSMA)
subscriptions 3.4 bn (GSMA) 4.1 bn (GSMA) 4.8 bn (GSMA) 7.0bn (E) 7.5 bn (E)
3.6 bn (E) 4.5 bn (E) 5.3 bn (E*)
Smartphone 3.3 bn (GSMA) 3.9bn (GSMA)  4.5bn {GSMA) 5.9bn (GSMA) 6.2 bn (GSMA)
subscriptions 3.3bn (E) 3.8bn(E) 4.4 bn (E*) 5.8bn(E) 6.3 bn (E*)
Fixed broadband 820m (ITU) 884m (ITU) 979m (ITU) 1.1 bn (E*) 1.2 bn (E¥*)
(ITu) 1bn (E*)
Internet users (ITU) 3.21 bn (ITU) 3.49 bn (ITU) 3.58 bn (ITU) 4.16 bn (ITU) s
Facebook users 1.59 bn MAU 1.71 bn MAU 2.13 bn MAU e -
1.04 bn DAUE 1.13 bn DAU 1.4 bn DAU
(Dec 2015)
LINE users 215 million 217 million 207 million 203 million il
Sina Weibo users 222 million 313 million 392 million 411 million /-
b e Vkontakte users 66.5 million 77.8 million 81.1 million 97 million -/-
; WeChat users 600 million* 806 million 963 million 1 billion /-
Smartphone stock 2.2 bn (Del) S = 2.1 bn (BIY -/

BROADBAND COMMISIION (&5

Source: Various. EST = Estimate. Bl= Business Intelligence; Del = Deloitte; Facebook, E = Ericsson Mobility Report June 2018
at: https://www.ericsson.com/assets/local/mobility-report/documents/2018/ericsson-mobility-report-june-2018.pdf GSMA
= GSMA database.

MAU = monthly active users; DAU = daily active users.

* Mid-year figures. https://investor.fb.com/investor-news/press-release-details/2018/Facebook-Reports-Fourth-Quarter-and
-Full-Year-2017-Results/default.aspx and https.//zephoria.com/top-15-valuable-facebook-statistics/




Coverage of mobile-cellular networks in relation to world population

Hillion peoploe

X007 X108 2000 2010 2011 it} ¥ 2013

Source: ITU World Telecommunication/ICT Iindicators database |* Estimate)
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The number of subscriptions
per 100 population has
grown from 33.9 in 2005 to
76.6 in 2010, 98.2 in 2015
and an estimated 103.5 in
2017.

The number of subscriptions
worldwide now exceeds the
global population, with
subscriptions also exceeding
population in 112 of the 176
countries included in IDI
2017



Growth in Number of Users of Messaging and Hybrid Networks, 2011-2017
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Source: Various, including Activate.com.



Fixed Network: Technology Market Share by Region, Q4 2017
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Source: Point Topic, available at: http://point-topic.com/free-analysis/waorld-broadband-statistics-q4-2017/.



Broadband prices as a percentage of GNI per capita, 2016

Mumber of countries

Saurce

Mobile broadband

Fixed broadband

Below 5%

re based on entry-level pla

v

Broadband Commission target
5% GMI p.c.

Developed

B Developing
{excl. LDCs)

B LDCs
34

27

15

Muobile broadband Fixed broadband

Above 5%

plans with a

minimum data

Mobile broadband is more
affordable than fixed-broadband
services in most developing
countries. However, mobile-
broadband prices represent
more than 5% of GNI per capita
in most LDCs and are therefore
unaffordable for the large
majority of the population.



Emergency

Education
Health

! Agriculture
Investment !
Policy & Regulation ﬁ@

Capacity Building
g Transport

l

Measurements

o

Privacy & Security

£k

Digital Inclusion

ICTs have
become
even more
multi-
sectoral
and can be
leveraged
to achieve

SDGs

Governance

Applications

' 'Io'T: Sensc;r
Networks, GIS,
Satellites

SMART

Standards Conformity &
Interoperability

Finance


http://www.itu.int/en/ITU-D/Regulatory-Market
http://www.itu.int/en/ITU-D/Regulatory-Market
http://www.itu.int/en/ITU-D/LDCs/Pages/default.aspx
http://www.itu.int/en/ITU-D/LDCs/Pages/default.aspx
http://www.itu.int/en/ITU-D/Capacity-Building
http://www.itu.int/en/ITU-D/Capacity-Building
http://www.itu.int/ITU-D/cyb/app/index.html
http://www.itu.int/ITU-D/cyb/app/index.html
http://www.itu.int/en/ITU-D/Cybersecurity
http://www.itu.int/en/ITU-D/Cybersecurity
http://www.itu.int/en/ITU-D/Statistics
http://www.itu.int/en/ITU-D/Statistics
http://www.itu.int/en/ITU-D/Digital-Inclusion/Pages/default.aspx
http://www.itu.int/en/ITU-D/Digital-Inclusion/Pages/default.aspx

The 4th Wave: We are about to enter ' Future

FORWARD

the golden age of mobile

A / Bt B _L\\‘_ Revenue Growth Curves

4th Wave ° N

Source: Operator’s Dilemma (Opportunity): The Fourth Wave

hip:-ffveeow chetansharma com 26 © Copyright 2013, All Rights Reserved. Copying w/o permission is strictly prohibited. 7/2013




Internet and IP traffic

300 000 : 3.5 billian Internat users
Androwd {aunched globally Mobile broadband

Google Chrome launched

population coverage reaches
180 000 .
Google (that went live in 1998) IPO 84% of global population
160 000 Facebook launched Facebook PO
Facebook reaches 1 hillion users;
i lngins via mobile devices excesd
£ 140 000 Twitter E ;
= Firefox launched web-based logins
g flaunched
0000 o P~
c g g g 2 = g 8 = i
g S R = = = S B B S
w100 000
2 o = 5 = =
B = o ot
T 80000 = = = % b =
& Youfube
60000 - Linkadin  Aunched Instagram launched
3 Apple iPad released
40 000 laurched
Apple iIPhone released
20 000 1 Billion registered
Twitter Users
il rrp———
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P traffic s Fixed Internet traffic hobile internet traffic
[petabytes/month) Ipetabwtes/month) |petabytes/month)

Mote: Fixed Internet traffic refers to traffic throueh fixed network providers on different platforms. Mobile Internet traffic refers to traffic through
muabife-cellular networks. P traffic refers to the sum of fixed and mobile Internet traffic (denoting all IP traffic crossing an Internet backbone) as well as
non-Internet IP traffic (e.g. IP WM, IP transport of TV and video-on-demand).

Source: [TU based on Cisco and company reports.



IOT technologies



Is IoT a new technology?

 No!

* |0T is an ecosystem of existing technologies:
« Data mining
« Advanced communications and networking
* Cloud computing
« Security and privacy
« Advanced sensing and actuation



* Internet of things (loT): A global infrastructure for the information
society, enabling advanced services by interconnecting (physical and
virtual) things based on existing and evolving interoperable information
and communication technologies.

* NOTE 1 - Through the exploitation of identification, data capture, processing and
communication capabilities, the loT makes full use of things to offer services to all
kinds of applications, whilst ensuring that security and privacy requirements are
fulfilled.

* NOTE 2 — From a broader perspective, the |IoT can be perceived as a vision with
technological and societal implications.

ITU-T Y.2060 Recommendation, 2012



thing: With regard to the
Internet of things, this is
an object of the physical
world (physical things) or
the information world
(virtual things), which is
capable of being identified
and integrated into
communication networks.

IoT: A New Dimension

Any TIME communication

- on the move
- night
- daytime

- outdoor

- indoor (away from the computer)
- at the computer

- thing to thing

Any THING comm@

Any PLACE camn@

- between computers
- human to human, not using a computer
- human to thing,

using generic equipment

ITU-T Y.2060 Recommendation, 2012

Y.2060(12)_FO1



Technical Overview of the IoT

Physical world

I' - ;:--f o : T — e _ :
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= Ne - -—-------- ) paieway

networks

@ physical thing
@ & virtual thing
s e e - —» communicalion
Pt SRS S e

—-— = Mapping

- — e o

-g-»  communicalion via galeway
b= communication withoul saleway

- diteet communication

ITU-T Y.2060 Recommendation, 2012



Types of Devices and Their Relationship to Physical
Things

( Communication networks i

Sensing/actuating Data capturing
device device

P 1

Data carrying|| Data
device carrier

General device

Physical Physical

Physical thing thing thing

Y.2060(12)_F03

ITU-T Y.2060 Recommendation, 2012



Fundamental Characteristics

* Interconnectivity

* Things-related
services

* Heterogeneity
* Dynamic changes
* Enormous scale

ITU-T Y.2060 Recommendation, 2012



&%) Fundamental Characteristics

* Interconnectivity
* Things-related

SEIVICES With regard to the loT,
* Heterogeneity anything can be
* Dynamic changes interconnected with the
« Enormous scale global information and
communication
infrastructure.

ITU-T Y.2060 Recommendation, 2012



8 Fundamental Characteristics

* Interconnectivity

° Thin_gs'related The loT is capable of providing
services thing-related services within the

: constraints of things, such as
» Heterogeneity 5

privacy protection and semantic

o Dynamic Changes consistency between physical
things and their associated virtual
« Enormous scale things. In order to provide thing-

related services within the
constraints of things, both the
technologies in physical world and
information world will change.

ITU-T Y.2060 Recommendation, 2012



8l Fundamental Characteristics

* Interconnectivity

* Things-related The devices in the loT are

SEIVICES heterogeneous as based
* Heterogeneity on different hardware
* Dynamic changes platforms and networks.
« Enormous scale They can interact with

other devices or service
platforms through
different networks.

ITU-T Y.2060 Recommendation, 2012



Fundamental Characteristics

* Interconnectivity
* Things-related

The state of devices
change dynamically, e.g.,

SEIVICES sleeping and waking up,
* Heterogeneity connected and/or
 Dynamic changes disconnected as well as
« Enormous scale the context of devices

including location and
speed. Moreover, the

number of devices can
change dynamically.

ITU-T Y.2060 Recommendation, 2012



Fundamental Characteristics

* Interconnectivity

* Things-related
services

* Heterogeneity
* Dynamic changes
 Enormous scale

The number of devices that need to be
managed and that communicate with
each other will be at least an order of
magnitude larger than the devices
connected to the current Internet. The
ratio of communication triggered by
devices as compared to communication
triggered by humans will noticeably
shift towards device-triggered
communication. Even more critical will
be the management of the data
generated and their interpretation for
application purposes. This relates to
semantics of data, as well as efficient
data handling.

ITU-T Y.2060 Recommendation, 2012



High Level Requirements

High quality
Identifi- and security
cation human body
services
Location-
based
Capabilities

Inter-
operability

Autonomic

Networking Privacy

\YETETE

ability Security

Service pro-
visioning

Plug and Play

ITU-T Y.2060 Recommendation, 2012



IoT Architecture

Health Living

Smart L Smart
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Y

Application loT Applications
layer
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juawoabeuep
Ajunossg
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Service and Application

support
layer Generic Support Specific Support

" J

Networking Capabilities

Network

layer Transport Capabilities |
\

r’ D

saniiqeded Ajnoag oiyioadg  sapijigeded

saljjigeden A}11N23g 21IBUBY)

Device
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loT Architecture (source: ITU)



IoT Architecture

Smart Em Smart Smart Smart Smart
Cities Energy Health Living

-

‘,ﬂ;ﬂz','“""" IoT Applications
. | loT Business Process Management ' ' '
Management é Security N
Capabilities g Business Process Business Process Management
- E I Modeling Execution
QoS Manager g = ,B S Authorisation
= & Virtual Entity
Device M l g [ VE & IoT Service K:r S
vice Matager VE Resolution I [ oo ] | VE Service ] SIRpAaE.
: E Trust &
‘E g Service Raputaiion
support and ;
-E 'g-g ? S :S:ﬂ::“l::“ [ 1oT Service Resolution ] 1oT Sarvice Htm
Wi | = N
Authentication
g g H:t:rrnrkmnmmuml:ntinn e
Flow Control & 7
g = I Transport Capabilities Reliabifity -g g'ﬁ -g E g'
. ci32st
::durg!n:l:ﬂ [ = A P ][ Qos ]l Errl:gunmc:ﬂmh g E
3 J e’ \ 4 )
Deawvi )
Ia::f y Devices

Detailed loT Layered Architecture (Source: IERC)



IoT Reference Model

* Generic support capabilities:

I ATV

g5 Application —oT e The generic support capabillities
-8 ayer Applications 5-; agugn .
=2 |\ )IES are common capabilities which

Serviee e E— can be used by different loT

weppore Bl | LA e, P eapenititiee | || ¢ I I

Application |_Cap Shpuiiitie applications, such as data
processing or data storage.

« Specific support capabilities:
The specific support capabilities
are particular capabilities which
cater for the requirements of
diversified applications.

4 N | s
Network Networking Capabilities
layer

Transport Capabilities
. 2/

' N

angedey Alunasag sjiradg
sanpqede] A1unaag au1auan

Device Device Gateway
layer Capabilities Capabilities

sanqedey juawafeuep sijroadyg
sanpgedey juswafieuey d1i3uan

P
.

ITU-TY.2060 Recommendation. 2012



IoT Reference Model

* Networking capabilities: provide

— | relevant control functions of network
S5 [[Nlaiauns Appiiaatibms [ connectivity, such as access and
=2 [> ~ |52 transport resource control functions,
" Service

support and Generic Support Specific Support
Application Capabilities Capabilities
| support layer

mobility management or
authentication, authorization and
accounting (AAA).

r’
Wbt Networking Capabilities
layer

Transport Capabilities
L L/

urd ™

* Transport capabilities: focus on
providing connectivity for the
transport of loT service and
application specific data information,
as well as the transport of loT-related
control and management information.

sanipqedeny Alunaag ajivadg
saniqede) A1unaag augauan

Device Device Gateway
layer Capabilities Capabilities

saniqede ) JuswaSeunp jiaadg
nipgedey juswafeuey Jliauan

-
\,

ITU-TY.2060 Recommendation. 2012



IoT Reference Model

' 51 ' Y =
B o el 7]
= 5 || Application loT z e
£ |llayer Applications T g
= —
pl \_ A==
g e
=0 ;
(- ' -
Service -
support and | Generic Support Specific Support o
w o . " ahilities ", litioe -y
22 |l Application Capabilities Capabilities =0
e & |lsupport layer 8.9
o |- : -t
a0
e WV EES
22 W« Networking Capabilities g
g = || Network : g =
£w |[layer — =z
25 Transport Capabilities
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i o
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2 — 2%
a2\ | h| 2=
= T
32 : 8
= o °
= = || Device T
2= layer
8 o
\ . - S, T

Direct interaction with the communication
network (without gateway).

Indirect interaction with the communication
network (with gateway)

Ad-hoc networking

olf\f\“:lﬂﬂ ﬂv\f\l lllnll:lﬂﬂ 1 B VN

« Multiple interfaces
support

* Protocol conversion

ITU-TY.2060 Recommendation. 2012



IoT Reference Model

et - e « Device management, such as remote device

e J1E activation and de-activation, diagnostics,

firmware and/or software updating, device

icatton O Capvitines | | PCapsvinites | |45 working status management;

L agourt LAyt J|:zs

- T —— )¢  Local network topology management;

Transport_ Capabilities J1ps - Traffic and congestion management, such as
e the detection of network overflow conditions

pevic T B e and the implementation of resource

reservation for time-critical and/or life-critical
data flows.

ITU-TY.2060 Recommendation. 2012



IoT Reference Model

' N7
g
5 5 || Application loT
2= Mlayer Applications
-
=g |\
F (1]
o |
Service > : T
|| support and Generic Support Specific Support
22 Wl Application Capabilities Capabilities
c & \support layer
=1 o
-
-
z= s o
=2 | Network Networking Capabilities |
£w |[layer
L Transport Capabilities |
=3 I\
E -
2| ¥
TE
= é Device Device Gateway
== || layer Capabilities Capabilities
5oz
i
L% r \. 1

At the application layer:

authorization, authentication,
application data confidentiality and
integrity protection, privacy
protection, security audit and anti-
Virus;

At the network layer:
authorization, authentication, use
data and signalling data
confidentiality, and signalling
integrity protection;

« At the device layer: authentication,

authorization, device integrity
validation, access control, data
confidentiality and integrity
protection.

ITU-TY.2060 Recommendation. 2012



IoT and Business Models

Application customcer

Plattorm provider Application provider

Network provider

Device provider

ITU-TY.2060 Recommendation. 2012



Communication Options

These inputs are digitized and placed onto networks.
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Source: harbor research @ HarborResearch.com



Enabling Technologies

Smart Cities

Enabling technologies (source:[1])



Impact on Applications

- X i Cata Cusity of | Amount of Tima B Sarver initiated Paoket
Examyie Appications wolurma Sanice signaling sansitivity Mobility Communication | switched only

Smart snaergy meiars _ no = yes
Red charging yEs no yes
eCall - _ VBE no no
RFemote maintenanca o yes yas
Flzet managamen: YES VES no
FPhoto frames o = yes
Assels racking Ve = na
Mobie payments yEs no yas
Media synchronisation yEs = yes
Sunvedllance cameras o = yes
Health manitoring yas = yas

warny o - oy . mitermadiate . egh . weny high

source: Hanabook: Impacts of M2M Communcations & Nom-M2M Molvle Dara Apoiications an Mobiie Nanwarks. page B0,
TU {Gemava, 2012} Avallable. at www i intmdfTOE-5G1 1- 12061 1-T0- GEN-O84 4/ am:

Example Applications (source: ITU)



Cyber Physical Health Systems

Health and activity Sensor Application Code Repository
monitor Gateway Server Server

: Repository

Y YT T

Sensor Protocols

Wi-Fi, BT, BT LE,
RFID, ZigBee, NFC

. Mobile _ - Stationary
multisensor multisensor

Smart Health Platform [1]

Ovidiu Vermesan Peter Friess, nternet of Things — From Research and Innovation to Market Deployment, ISBN: 978-87-93102-94-1 (Hard copy) 978-87-93102-95-8 (Ebook) , Rivers Publishers, 2014



Cyber Physical Health System

HOSPITAL PATIENT
EMERGENCY MEDHEEAL KA e MONITORING

POy
DatajAnalytics Platform

Data Management Platform

Automatic Semantic Information
Information Extraction Assured Interactive
- Visualization
I ‘
E1SE - | i i Knowledge
=i |I e Reposﬂnry
Database Storage
PN
Sensing £IBEE v Actuating
GPRS Wifi

Internet

AN - |

5 /.-—'-'__ |_’ F_'--\..__\ \/—""‘

( RFID ) (SENSORS ) ghctuators;l

- . . Patient Monitoring
Hospital Emergency Medical Networking t
MNetwork N s

% ﬁ‘ a I
Ox . _—
'ﬂ ITI|:II.I|-EI'II'-‘E Madica Records ¢ B
L ! adil:_u tabasea - ECG s

5-. -&l:*..d' g = ,.ﬂ " — =
i Medical Insurance F R Respiration & [
o Treatment Plan - b st
e o
<«

Emergence Contact Phamarcy Services Blood Pressure I

Cyber Physical Health (CPH) Architecture [2]

Services

Middleware

Networking

Sensors /
Actuators

A. Bagula 1, M. Mandava 1 & H. Bagula 2. , 4 Framework for Healthcare Support In the Rural and Low Income Areas of the Developing World, in Elsevier JNCA journal, 2018.

i\

CYBER DOMAIN

PHYSICAL DOMAIN



Impact on Applications

Fimancial Algoriiterec
IraLHT ChesEsc -

Sanvices - e

Economic

Dewalop—

memt

: PrEcicIEg
Haalth COMERIrE T CErEak

TENLY
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Commarcisl

Oshoar

| = B seecmm | =T [[] eeocmenmen

Source! Rasf et 5l [(2014), guoted in the “Measoring the formmstion Socsety 30147 repore, TTLL

Areas of Highest Potential Impact Across Different Sectors (Source: ITU)



Existing and IoT Potential Services

Sl [OT ANALYTICS

Q3/2016

loT Segment Global share of loT projects!

@ Smart Supply Chain - 4%

Insights that empower you to undersfand loT markets

Details

Americas Europe APAC Trend?

N = 640 global, publicly

------- announced loT projects
. Americas . Eurape .' HPAC MEA B

1. Based on 640+ publicly known enterprise loT projects. (Mot incuding consumer loT projects &2, Wearsbles, Smart Home| 2. Trend based on 10T Analytics's Q22016 10T Emphayment Statistics Tracker 3 Not induding
Consumer Smart Home Solutions  Sowrce: loT Analytics 2006 Global overview of 840 enterprise baT use cases (August 2016)




Examples of services per Category

Smart

Utilities

* Intelligent Utility
Network

* Smart Metering

* Energy
Optimization

* Smart Production

* Demand Planning

* Advanced
Distribution
Management

* Operations
Control

* River Basin and
Smart Water
Management

* Wastewater
Treatment

e Connected Health
*Smart Medicine

Smart Health

*Smart Care .

Management

Supply .
* Mobile Health
*Remote

Healthcare

Management .

Smart

Education

*Smart Classroom
* Performance Man.

* Asset
Management

Smart Public
Services

Smart Citizen
Services

Smart Tax
Administration

Smart Customes,
Immigration,
Border
Management
Smart Crime
Prevention

Smart Emergency
Response

Smart Financial
Management

Smart

Building

*Energy
Optimization

* Asset
Management

* Facility
Management

*Video Surveillance

* Recycling and
Power Generation

* Automatic Fault
Detection
Diagnosis

* Supervisory
Control

* Audio / Video
Distribution
Management

Smart
Transportation

Intelligent
Transportation

Smart Public
Transportation

Integrated Fare
Management

Fleet Optimization
Tolling Solutions

Real-time Adaptive
Traffic Management

Smart Parking

Traveler Information
Systems

All sectors, All types of Things, All Environments taken into account
for network design (capacity requirements, coverage areas)




Internet of Vehicles

Converging Technologies
Electric Vehicle
Electric Smart Grid
Connected Vehicle
Autonomous Vehicle

Internet of Vehicles
Vehicle to Internet

Vehicle to Vehicle

vZv
* Communication

Vehicle to Device

* Telematics

.........

Vehicle to Grid
V2G + G2V
= Charging Stations

Vehicle to

Infrastructure

Vv2i
* Communication

IoV Coverging Technologies [1]



Internet of Vehicles

Interior Camera/ Smart Camera Reqr—
Front View Driver Monitoring Remote Park Assist
Camera System Park Assist/Self-Parking

Night Vision/Surround
View Camera

Side Impact
Emergency Brake Assist
System and Adaptive

Cruise Control

Pty TR o | ¢T";:
Cross Traffic B ) N /
Assist ) SNETIN A= [ing'Zi N Blind Spot Detection/
T = - Surround View
= ane  JEEY BT Radar Fusion
‘ Center

High Beam
Control

Communication and computer vision technologies for

driver-assistance and V2V/V2l interaction
Ovidiu Vermesan Peter Friess, nternet of Things — From Research and Innovation to Market Deployment, ISBN: 978-87-93102-94-1 (Hard copy) 978-87-93102-95-8 (Ebook) , Rivers Publishers, 2014



Internet of Vehicles

» .
v/ Connectivity: opportunity for RTI: Ticketing,
/ ((( i ))) built, bought & beamed in, scheduling, CCTV
- providing a hybrid open and incident
- ‘architecture service and network management, UTMC
communications integration

SATELLITE
COMMUNICATIONS

TERRESTRIAL
BROADCAST
Interrmiodal

V2V: ANPR, DSRC, vehicle MOBILE SR et LMS: Signalling,

positioning (({ m > infotainment,
- - diagnostics, energy
Navigation ” management 3GPS

\l 2 . O e 1 Is-g'gsegge
Vehicle-tosVehicle Safety Systems ~_ @ Information.

-
: Ly w‘ :
% Traffic Signs

4

_~ Ada

Cruise

Fleet Management Toll Collection

Travel
Assistance

Vehicle Sharing:
technolo

cate,

ITS Ecosystem (Source: ETSI)

Source: ETSI




Internet of Vehicles

¢ I
Vomtcorg Ll g
Sensor Fusion Internet of - e ____"'j';'"
Vehicle Vehicles — '
Sensors, Seamless
Actuators Integration

Electronic Cyber-Physical
Vehicle — Vehicle
Interconnected Software Defined Vehicle
'r 1 .
Electronics Vehicle _ Software
Computing e \Ea_ﬂh.m - Communication
Communication Algorithms Interfaces
Gateways

ITS Ecosystem (Source: ETSI)



Internet of Vehicles

Cloud

Consumer/commercial Roadway info, events, warnings, guidance

Connected Vehicle 2020-Mobility Ecosystem

(Source: Continental Corporation)

Classic Internet, Wireless Internet, Entertainment Internet. Social Internet
Communication Networks Safety/eCall Networks
3 - Broadcast Broadcast i
“ehdsr | | cotutr Wi Digta Diga *Celuar
Audio Video
LAONNSCIB Yoo 4 1
g i _ £ Multiple communications links — :

Moblie Deviﬁes | © Software piatform architecture vav OtherV2V Vehicles
Apps Integration © Re-usable software components “eoz1ip | Safety V2V Apps
Wm > Millions of lines of software code & WAVE Ad-hoc network
Tablets - Gigabytes of RAM, Flash & 33D Network

e & 200+ sensors & actuators l‘. —
(> Remote software upgrades 1\1.
(> ECU domain clusters
802 11P&WAVE
Back
Haul
o Roadway Infrastructure & Information Network




IoT wireless
technologies
overview

Licensed
spectrum

Wide area

lications

LTE SIGFOX
Giifis LoRaWAN
Private LTE Weightless
License-exempt
spectrum
Q,bc*}' y LoRa
& (LP) Wi-Fi
@éﬁ&
R EnOcean Zigbee
Z-Wave
v RFID
Local area

applications



. IoT Components

Conceptual overview

Intelligent Intelligent

Standards Analysis Actions

Implementation-driven overview

User
Interface

Things/Devices




Sensor Types

e . Machine Vision / Optical
@ | Ambiertt Light

Acceleration / Tl

2\

Blectnc / Magnetic -

O

Loaks /! LE-'I."-E|5-

i~ Position / Presence / Prosimity

botion J Velociy f Displacerment

BiéiaK

Temperature

Acoustic £ Sound £ Vibeation

- & ,I_u'.'__,
Force ¢ Load ! Torgue F_J | Fow - _
Swrain f Pressure ar’ bk Lhemical / Gas Eﬁ'
' /@ N

Sensor Types (source: harbor research @ HarborResearch.com)



Sensor Types

Positon/
Presence/
Prosirmity

Machine Vision/Optical

Ambient Light Maotion/Velocity/Displacement

Acceleration/ Tilt Temperature

Electric/Magnetic Hurmidity! Moisture

Leaks/Levels AcousticiSoundVibration

g

ForcefLoadf Torque Chemical/Gas

Strain/Pressure Bl

source: Harbor Insights

Sensor Types (source: harbor research @ HarborResearch.com)



Sensor Types

Functionality

Highest Cost

« Long-term insmlfdepioyment

« Indusirial scale deployrsant

51 5[}_51 000+ - Extreme accuracyliprecisan
« Typecally Ergs antsrprses
« Ease of sclumion interooerability
« Residentalicommerncial
« Advanced devaelopmeant kits
« Consumer- hased support
- = Cloud pannership capshdt
S50-5150 g e
« Fast deploymeant
« Medrm infrasmuciure required
« Low-Mediem accuracy/Praceion
« Singha function
« DY{Prototypeng often nesded
« lEmitedwithout other hardware
= = Hedaquess hagic squipment
S50~ 550 e g

= Gasred towards amstears
« Sanguisr functionality

« Mo mfrestructure requened

Sensor Type

ChemicsifGes
Bectrical/Cepacitwa
Prez=ure/LoadWeight

Brosimity /Position

Wiater Treatment!Flow
Weathar Termpersture
Moticn/Velocity

Acousto! Sound WVibeation
Light' imaoeng

Broximity /Position

Fla/Forcal Stram

Lowest Cost

Wizter Treatment!Flow
Weathar Tempearsture
Moticn/Velocity

Acoustc! Sound Wik ation

Lighy'imaging

Sensor Types and Costs (source: ITU)



Deployment stages

Stage 5: Enhancing on-board intelligence: maximum ROI and business benefit provided
by predictive failure, data-driven diagnostics and device optimization.




Deployment Analysis

- 006

Device Connectivity Real-Time Data Analytics Automation Enhancing On-Board
& Data Forwarding Monitoring Intelligence
00
% of projects that have
progressed to these stages
(Borurane pstimates)
|
1 H il | .
[#]

Deployment Analysis (Source: [3])



. [oT Technologies

Fixed & Short Range

i. RFID

ii. Bluetooth
iii. Zigbee
iv. WiFi

Long Range

Non 3GPP Standards

. o

SIGFOX e
Weightless e

Others o

3GPP Standards

o LTE-M
e EC-GSM




Link budget

: Channel Representative
Carrier frequency Technology bbbl data rate target or
max. range
DL: 1 Mb/s
LTE Cat. O 20 MHz UL: 1 Mbys 140 dB
Wide-area LTE Cat. M 1.4 MHz DL:T Mbys 155 dB
M2M UL: 1 Mb/s
. Licensed cellular
technologies NB-loT 200k O ;Bk[;?i ® 16448
and IoT '
DL: 74 kb/s
EC-GSM 200 kHz UL: 74 kb/s 164 dB
UL: 624 kb/s 500 km
250 HETS BRI yhater DL: 156 kb/s line of sight
LoRa chirp UL: 100 kb/s 15 km rural
Unficesicod Sueh St spread spectrum $25kile DL: 100 kb/s 5 km urban
Sub-1 GHz  Weightless-N 200 Hz UL: 100 b/s 3 km urban
Sub-1 GHz  Sigfox 160 Hz UL: 100 b/s 20 F i

10 km urban
H. S. Dhillon et al., “Wide-Area Wireless Communicatiogs," IEEE Communications Magazine, February 2017



Market Connections in 2020 Requirements Technology
Segment (Billion)

® CCTV(Camera)

® In-vehicle Entertainment... 0.2B | >10Mbps 3G/G

] {/(\)/T Gatt)?way Backhaul : ~L1 Mbps 2G/3G/Cat-1

® Wearable ow power Cat-M1

e .. 0.8B consumption

® Sensors, Meters | Low Throughput (<100kbps)

® Asset Tracking 2B | Deep Coverage (20dB) Sh%rit I;)axn?_i;?h'
® Smart Parking | Low power (10 Years) gNB,I T

° | Low cost (<$5) "o

Smart agriculture ... @ § éﬁ v \‘ $A

LPWA: Low Power Wide Area

LPWA could account 70% of Cellular IoT Connections in 2020



C-loT provides wide WAN coverage

Wifi coverage LTE Coverage

E Re-use existing

i Cellular network
Carrier-grade
Reliability

CS) 4G-Like
Security

* C-loTis for wide coverage

Roaming



Current status

A GLOBAL IMITIATIVE

April May March August November  Jun 2017+
2014 2014 2015 2015 2015 2015

Narrowband SCPP GSMA 3GPP 18t live pre-Full NB-loT

oroposal to ‘Cellular  p1opile oT  @llgnment  standard ~ 3GPP  Commercial

Connected loT’ Study created on single NB-loT  Standard rollout
Living ltem standard message Released

Evolution of LTE-M




Comparison with LTE-M

NB-IOT
Attribute
Rel 13 Rel 14
LTE bands LTE Bands
Spectrum hik s Stand Alone (1.4MHz) Stand Alone (200KHz)
Typical MNO LTE Coverage Good LTE Coverage Mix LTE and 2G
g 1.08MHz 5 MHz
Bandwidth 20 MHz (CAT-M1) (CAT-M2) 180kHz
Number of DL Antennas 2 1 1
Duplex Modes FD-FDD/TDD HD-FDD, FD-FDD,TDD HD-FDD
UL Modulation QPSK, 16QAM QPSK, 16QAM Pi/2 BPSK, Pi/4 QPSK
DL Modulation QPSK, 160AM QPSK, 160AM QPSK
Spectral Efficiency V.Good Good OK
Class 3 (23 dBm) .
Power Class Class 3 (23dBm) Class 5 (20 dBm) Class 3and 5 14 dBm
LTE SC-FDMA +
UL Multple Access LTE SC-FDMA LTE SC-FDMA Single tone transmission with
3.75kHz and 15kHz bandwidths




Main eMTC, NB-IoT and EC-GSM-IoT features

| eMTC(LTECatM1) NB-IOT EC-GSM-loT

Deployment

Coverage*

Downlink

Uplink

Bandwidth

Peak rate

(DL/UL)
Duplexing
Power saving

Power class

In-band LTE
155.7 dB

OFDMA, 15 KHz tone spacing, Turbo
Code, 16 QAM, 1 Rx

SC-FDMA, 15 KHz tone spacing
Turbo code, 16 QAM

1.08 MHz

1 Mbps for DL and UL

FD & HD (type B), FDD & TDD
PSM, ext. I-DRX, C-DRX
23 dBm, 20 dBm

In-band & Guard-band LTE, standalone
164 dB for standalone, FFS others

OFDMA, 15 KHz tone spacing, 1 Rx

Single tone, 15 KHz and 3.75 KHz spacing
SC-FDMA, 15 KHz tone spacing, Turbo code

180 KHz

DL: ~50 kbps
UL: 50 for multi-tone, “20 kbps for single tone

HD (type B), FDD
PSM, ext. [-DRX, C-DRX
23 dBm, others TBD

In-band GSM

164 dB, with 33dBm power class
154 dB, with 23dBm power class

TDMA/FDMA, GMSK and 8PSK
(optional), 1 Rx

TDMA/FDMA, GMSK and 8PSK
(optional)

200kHz per channel. Typical system
bandwidth of 2.4MHz [smaller
bandwidth down to 600 kHz being
studied within Rel-13]

For DL and UL (using 4 timeslots): ¥70
kbps (GMSK), ~240kbps (8PSK)

HD, FDD
PSM, ext. [-DRX
33 dBm, 23 dBm



LoRaWAN

Members Login  Contzct 8 @ in

= = i,
LQRH AlllﬂnCE LoRa Allisnce'™ - LoRaWAN™ - Certification - News Events - Membership -  [REEECTeA T
=

83

Metwork Operators

57 -

Alliance Member
Operators

49

Countries operating in

95

Countries with
LoRaWAN Deployments

Alliance Member Public Networks

Other LoRaWaN Deployment

https://www.lora-alliance.org/



Sigfox

USE CASES COVERAGE TECHNOLOGY  SOLUTIONS PARTNERSHIPS NEWS ABOUTUS

‘ Live coverage Country under roll-out

ey

Austraiis

Lezaflz

https://www.sigfox.com/en/coverage



GSA

Evelution from LTE to 5G -
April 2018 Update

e

Report:
Evolution
from LTE to
5G, GSA

https://gsacom.com/

e 858 operators investing in LTE, including pre-commitment trials.

«e 672 commercially launched LTE or LTE-Advanced networks in 204 countries,
including those using LTE for FWA services, and including 111 LTE-TDD (TD-
LTE) networks launched in 58 countries.

145 commercial VOLTE networks in 70 countries and 224 operators investing in
VOLTE in 102 countries.

¢ 241 launched networks that are LTE-Advanced in 115 countries.

e four launched networks that are capable of supporting user equipment (UE)
at Cat-18 DL speeds (within limited geographic areas)

¢ 680-700 anticipated commercially launched LTE networks by end-2018 (GSA
forecast).

*¢ 50 NB-loT and 15 LTE-M/Cat-M1 networks commercially launched with 58
other operators investing in NB-loT and 19 other operators investing in LTE-
M/Cat-M1 in the form of tests, trials or planned deployments.

«» 134 operators that have been engaged in, are engaged in, plan to engage in,
or have been licensed to undertake 5G demos, tests or trials of one or more
constituent technologies.

«« at least 48 operators that have now made public commitments to time-lines
for deployment of pre-standards ‘5G’ or standards-based 5G networks in 33
countries.



B. Prices



NB-loT pricing in Deutsche Telekom

Deutsche

" """ Telekom

1. The NB-loT Access entry package is available from EUR 199 and includes
a 6-month activation of up to 25 SIM-cards with 500 KB per SIM pooled
in Germany’s NB-loT network. As a further optional add-on — a private
APN with IPsec-key encryption is available.

2. The NB-loT Access & Cloud of Things entry package is available from
EUR 299 and additionally includes direct access to Deutsche Telekom’s
Cloud of Things platform for device and data management.



T-Mobile NB-1oT Offer

IOT CONNECTIVITY DISRUPTED

YEARS 710 YEARS

litetime

e < IOT FLAT RATE
500 MB max - additional
volume bookable




SK Telecom (South Korea) LoRaWan prices

SK Telecom completed a nationwide LTE-M rollout in March 2017 but only LoRaWAN services are
available.

Price plans for LoRaWAN-based loT services: '
1. 350 won ($0.30) per month per device for a 100kb allocation
2. 2,000 won ($1.77) for a 100MB allocation.

Discounts available for multiple lines, ranging from 2% for those using 500 lines for 10% for those
using 10,000 lines. Excess data will be charged at 0.005 won per 0.5KB.

LoRa plans cost just a tenth of the price of its LTE-based loT services.

Data
3 Monthly Flat
Allowance Rate
Price Plan (Frecxaenicy of Examples of Sarvices Note
e (VAT Exciuded)
commurmcation)

Metering and monitoring | - Discount benefits for
services (e.g. Advanced long-term contracts

Band loT 35 T0OKB KRW 350 Metering Infrastructure (AW ) Ranging from a 5%
gnvironmeantal monitonng | discount for two-year
water leakage monitoring, : 0,

Band loT 50 500KE KRW 500 2 Ao | contmcts o820
(= (el | discount for 5 year-

Band loT 70 aMB KEW 700 Tracking semices (8.9 | contracts
Iocating tracking

Band loT 100 10MB KRW 1 000 For peoplafthings, asset - Multi-line discount
managemeant, aic. ) Ranging from a 2%
Coantrol service | discount for those
lighting control, sharad 10% discount lo those

Band laoT 200 100MB KRW 2 000 pﬂ_mi“g. etc.) who usa 10,000 lines

‘Data usage sxceeding the data a.ﬁ'mme“ﬁw 0 005 per 0. 5KB




UnaBiz (Singapore) Sigfox prices

Network subscription charges: US$0.75 per device per
month, which comes with a data plan for up to 140 messages
per day.

Qualified channel partners who commit to volume can
ultimately enjoy subscription charges |
US$0.75 per device per year.

Unaiss=ll

L Bowes

The Simplest and lowest cost Connected Object




=
AT&T LTE-M services pricing g AT&T

The new prepaid plans, which target developers and businesses, include

three tiers of data and text messages:

1. 1 gigabyte of data valid for up to 1 year and 500 text messages for
$25;

2. 3 GB of data valid for up to 1 year and 1,000 text messages for $60;

3. 5 GB of data valid for up to 2 years and 1,500 text messages for $100.



Synthesis

Price/End- ... .
Country | Operator | Technology device/month Conditions (/end-device/month)
USS 1.60 85 KB
Germany DT NB-loT
USS 2.40 “+ Cloud
USS 0.30 100 KB
South SK LoRaWAN
Korea Telecom USS 1.77 100 MB
Singapore | UnaBiz Sigfox USS 0.75 140 messages
USS 2.08 83 MB and 42 messages
USA AT&T LTE-M USS 5 250 MB and 84 messages
USS 4,2 210 MB and 63 messages




LoRaWAN end-devices prices

Interface UART

Stack / MAC LoRaWAN

Stack implementation Microchip proprietary

Price $14.27 @ single ur.lit

$10.90 @ 1000 units

Interface UART
Stack / MAC LoRaWAN
Stack implementation proprietary MultiTech
Form factor XBee compatible
Price ~$30.00 @ single unit




NB-loT end-devices prices

NB-loT Quectel BC95
AT Commands
3GPP Rel-13

Interfaces SIM/USIM 1 Transmission 100bps
€ 35,00

Quectel GSM/GPRS/UMTS/HSPA/NB-loT Module
€ 60,00

Solution Highlights:Up to ~60Kbps Downlink, 25Kbps Uplink
4-7x better range - strong building penetration

Simple 1 antenna design

200 mW (23 dBm)

Band 20 (800MHz)

Band 8 (900MHz



https://www.digi.com/products/xbee-rf-solutions/embedded-cellular-modems/digi-xbee-cellular-nb-iot

LTE-M end-devices prices

Solution Highlights:Up to ~350Kbps Down/Uplink
PSM (Power Saving Mode) and eDRX supported for ultra-low
power consumption

Simple 1 antenna design

200 mW (23 dBm)
Verizon: Band 13 (700MHz) Band 4 (1700MHz)
AT&T: Band 2 (1900MHz) Band 4 (1700MHz) Band 12 (700MHz)


https://www.digi.com/products/xbee-rf-solutions/embedded-cellular-modems/digi-xbee-cellular-lte-m

. IoT and regulatory issues

One world, one global

> Licensed' Vs Non Licensed spectrum SIM: How ITU-allocated
» Area of license P .

> Numbering global IMSI ranges

> Standardization SUPPOTtJQT and M2M

» Infrastructure sharing connectlwty

» Access to data and open IOT platforms

» Data analytics

» Mobile data roaming

» Consumer protection

» Quality of Service

» USO

» Taxation Country Code ’90 1’, a code without ties to any
particular country.

https://news.itu.int/one-world-one-global-sim/

e Global International Mobile Subscriber Identity

(IMSI) ranges are signified by the shared Mobile


https://news.itu.int/one-world-one-global-sim/

IOT and regulatory issues

Numbering , addressing and number portability issues

Public Numbers
 National E.164 numbers;
* International/global E.164 numbers assigned by the ITU;
* National E.212 IMSI (International Mobile Subscriber Identity);
* International/global E.212 IMSI with MNCs under MCC40 901 assigned by the
ITU.
* Eligibility to receive MNCs
» Sufficiency of numbering resources
* |P addresses (IPv4 to IPv6 transition)
* MAC addresses
* How to switch the loT devices when changing operators?
 OTA (Over-the-air) programming of SIMs

Source: BEREC Report “Enabling the Internet of Things”12 February 2016,



PRIVACY AND SECURITY ISSUES

* Privacy Issues as in loT environment, data is collected and shared automatically by devices, and some may be critical in nature
* Data protection vs Open data
* Applicable laws
* Entity responsible for data protection
*  Who can have access to the data collected?
* Data classification and processing
* Consent of data owner?
* National vs International collection and sharing of data
* Security of device and data
* Consumer protection
* |loT devices should follow a security and privacy “by design” approach

Open data and loT data is often held in “silos” City and country initiatives to | Further work to encourage

APls that are difficult to integrate provide for the sharing of cataloguing of and
without time-consuming data information by individuals contributions to open
discovery and licensing. and organizations under datasets. National and local
loT platforms can be industry and | hon-proprietary, open government authorities are
vendor-specific, limiting source licences. in a key position to do this,
opportunities for SMEs and and could collaborate
startups to participate. through Open Government

Partnership.




IOT and regulatory issues

INTEROPERABILITY AND STANDARDS

loTs have both public and proprietary standards currently
Standardization is important for Interoperability, reducing costs and barriers to entry
 |TU-T SG 20 (IOT and Smart Cities, Smart Communities)
* National Standardization bodies
* International Standardization bodies
How to coordinate interoperability amongst public and private sector entities?
e.g. parking meters, thermostats, cardiac monitors, tires, roads, car
components, supermarket shelves
Cross-sectoral collaboration is very important as loT are deployed in multiple sectors



.Spectrum Needs of IoT

» What are the spectrum needs of loT?

= Determined by each application’s throughput requirements, but also latency

For a given spectral efficiency (b/s/Hz), the lower the latency requirements the larger the bandwidth
needed to send a given amount of data

=  While many loT applications might not need high speed connections and/or have very
stringent latency requirements, some do (e.g. remote surgery)

» In what frequency bands?

=  Determined by each loT application’s range and coverage requirements, but also
bandwidth needs of the applications

= Range and coverage requirements also depend on deployment scenarios
Point-to-point, mesh, broadcast, multi-cast, etc.




. Spectrum Licensing for IoT

Spectrum for MTC/loT applications

Unlicensed spectrum Licensed speirum

Low cost /no license fees
Regulatory limits (EIRP

Better Inference management

®  Network Security

restrictions) ®  Reliability

Non-guaranteed QoS

e All devices can have access to

spectrum, subject to compliance with ‘1’ . N k
technical conditions as specified in Mobile operator Network Dedicated etwor
regulations Reuse cellular infrastructure and Private network customized

device eco-system for M2M/ loT apps for specific M2M/loT apps.

e Short range and delay-tolerant

applications are typical use cases Exa mpIe: In China New bands for M2M:

® IMT spectrum can be used for supporting NB-1oT, -
eMTC and LTE-V2N (eNB_tO_Vehicle) i 5905 -5 925 MHz for LTE-V2X tl’la|S

L4 MBB spectrum can also be used for M2M/loT ® 2x2.3 MHz in 800MHz can be used for NB-loT



5G and 10T



5G usage scenarios from the ITU-R
IMT-2020 Vision Recommendation

Enhanced mobile broadband

Gigabytes in a second

Smart home/building

e.g. e-health

Self-driving car

Ultra-reliable and low latency
communications

Massive machine type
communications

Mission critical applications,

IMT-2020
standardization
process

Setting the stage for the future:
vision, spectrum, and
technology views

Development plan
Market/services view

Ted'molnEjr'
research kick off

Vision — IMT for 2020
Name

& GHz spedrum view
Process optimization

v/

2012-2015

2018-2019
Proposals
Evaluation
Consensus building

CPM Report
(IMT-WRC-19)

Sharing study reports
(WRC-19)

Specrum/
band arrangements
(post WRC-15)

Technical performance
requirements

Evaluation criteria

» Invitation for proposals

Sharing study
arameters
IMT-WRC-19)

Shafin? studies
(WRC-19)

2016-2017

v

2019-2020

Spectrum/
band arrangements

Dedsion and radio
framework

Detailed IMT-2020
radio spedifications

Future enhancement/
update plan and
process

A
Defining the technology



Enhancement of key capabilities The importance of key capabilities

from IMT-Advanced to IMT-2020 in different usage scenarios
. Peak Userdexperienced
ata_r?te ata rate Pea . User ex .enced
(Gbit/s) data rate th 1mpoﬂame data fatge"

Enhanced ¢ :
mobile broadbandqj : Mﬂm

Area traffic /

Capadty

Area traffic
capadity ¢ — :
(Mbit/s/m?) , S0 \ efficiency

Spedrum

efficiency

iclen U“lﬂ-l‘ﬂ’l%l'ﬂ
Massive machine and low-latency

type communications communications

i Connection Laten
Connection density Latency - cy
(devices/km?) (ms) density

The values in the figures above are targets for research and investigation for IMT-2020 and may be revised in the light of future studies. Further information is
available in the IMT-2020 Vision (Recommendation ITU-R M.2083)



5G and Socio-Economic Benetfits

One report estimates that 5G will underwrite USD 12.3 trillion of global economic output by 2035, with the greatest
growth in sales activity coming from manufacturing because of an anticipated increase in spending on 5G equipment.
This is followed by sales growth in the ICT sector driven by higher expenditure on communications services. Investment
in the value chain is expected to generate a further USD 3.5 trillion in output and provide support for 22 million jobs by
2035.

The European Commission (EC) estimates the total cost of 5G deployment across the 28 Member States will be EUR 56
billion, resulting in benefits of EUR 113.1 billion per annum arising from the introduction of 5G capabilities, and creating
2.3 million jobs. It is also estimated that benefits are largely driven by productivity in the automotive sector and in the
workplace generally. Most of the benefits are expected in urban areas while only 8 per cent of benefits (EUR 10 billion
per annum) will be realized in rural areas.

The ITU suggests that policy-makers undertake an independent economic benefits assessment since third party
estimates are not endorsed by the ITU.



. Services that 5G would enable

Delay
Autonomous Augmente Tactile
Tms driving . reality internet
Virtual
reality
Real time Multi-person

Disaster
10ms " :
alert gaming &

video call

Bi-directional

Automotive remote controlling

100ms Device
call
.E remote First responder
controlling connectivity
Personal
Wireless cloud
1o00ms . Monitoring  cloud . Q Brcad o
sensor networks Video
L streaming
<1 Mbps 1 Mbps 10 Mbps 100 Mbps > 1Gbps

Source: GSMA Intelligence, 2015.

Services that can
be delivered by

legacy networks

Services that could
be enabled by 5G

M2M cannectivity

Bandwith
throughput



Latency issues

____ Usecase | Latency (ms)

Factory automation
Manufacturing cell
Machine tools
Printing machines
Packaging machines
Process automation
Smart grids

Road safety urban
Urban intersection
Traffic efficiency
Professional audio
Optical fiber (10 000 km)

0.25to 10
5
0,25

1 _
3 40
2,5 3

50 to 100 2
31020 3%
10 to 100 10
<100 0
<100
2

0,05

00

20

Distance L{m]



5G Timelines: ITU-R and 3GPP

| wre1s

.,

AL

Technical Performance Requirements ]

2016 / 2017

Submission of Proposals IMT-2020 ‘

> 2018 > 2019 > 2020

f Evaluation ITU
& g =
¢ e Milestones
/ IMT-2020 Specifications
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5G Phase One (Release 15)

* 5 Gbps peak downlink throughput in initial releases, increasing to 50 Gbps in
subsequent versions.

« OFDMA in downlink and uplink, with optional Single Carrier Frequency
Division Multiple Access (SC-FDMA) for uplink. Radio approach for URLLC to be
defined in Release 16, but Release 15 will provide physical layer frame structure
and numerology support.

 Massive MIMO and beamforming. Data, control and broadcast channels are all
beamformed.

« Ability to support either FDD or TDD modes for 5G radio bands.

« Numerologies of 2N X 15 kHz for subcarrier spacing up to 120 kHz or 240 kHz.
« Carrier aggregation for up to 16 NR carriers.

« Aggregation up to approximately 1 GHz of bandwidth.

* Network slicing.



5G Phase Two (Release 16)

- URLLC.

* Unlicensed spectrum operation below 7 GHz, likely based on
current LTE approaches such as LAA.

* NR for non-terrestrial networks, including satellites.

» Support for radio bands above 52.6 GHz.

* Dual-carrier, carrier-aggregation, and mobility enhancements.
* UE power consumption reduction.

* Non-orthogonal multiple access.



Core Network - Network Softwarization

. NFV — replaces network functions on dedicated appliances — such as routers, load balancers,
and firewalls, with virtualized instances running on commercial off-the-shelf hardware, reducing
the cost of network changes and upgrades.

*  SDN - allows the dynamic reconfiguration of network elements in real-time, enabling 5G
networks to be controlled by software rather than hardware, improving network resilience,
performance and quality of service.

. Network slicing — permits a physical network to be separated into multiple virtual networks
Opportunities & Challenges (logical segments) that can support different RANs or several types of services for certain
customer segments, greatly reducing network construction costs by using communication
channels more efficiently.

Setting the Scene for 5G:

*  C-RAN —is presented as a key disruptive technology, vital to the realization of 5G networks. It
is a cloud-based radio network architecture that uses virtualization techniques combined with
centralized processing units, replacing the distributed signal processing units at mobile base
stations and reducing the cost of deploying dense mobile networks based on small cells.




Setting the Scene for 5G:
Opportunities & Challenges

Backhaul

A portfolio of wireless technologies may be considered in
addition to fibre, including point-to-multipoint (PMP) microwave,
millimeter wave (mmWave), HAPS and satellites.

Fronthaul

Recommendation ITU-T Y.3100 defines fronthaul as “a network
path between centralized radio controllers and remote radio units
(RRU) of a base station function”. This architecture allows for the
centralization of all high layer processing functions at the expense
of the most stringent fronthaul latency and bandwidth
requirements. The increase in data rates in 5G makes it impractical
to continue with the conventional Common Public Radio Interface
(CPRI) fronthaul implementation.



.5G

Commercial 5G networks are expected to start deployment after 2020 as 5G standards are

finalized.

By 2025, the GSM Association (GSMA) expects 5G connections to reach 1.1 billion, some
12 per cent of total mobile connections. It also forecasts overall operator revenues to grow

at a CAGR of 2.5 per cent, to reach USD 1.3 trillion by 2025.

Approximate 1980s 1990s 2000s 2010s 2020s
deployment

date

Theoretical 2kbit/s 384kbit/s 56Mbit/s 1Gbit/s 10Gbit/s
download

speed

Latency N/A 629 ms 212 ms 60-98 ms <1ms



Government-led 5G initiatives

= The Government of Korea (Rep. of), via the NISA, established 5G pilot networks at the 2018 Winter Olympics, providing futuristic
experiences such as augmented reality-based navigation.

= A GBP 17.6 million government grant has been awarded to a consortium led by the University of Warwick to develop a UK central
test bed for connected autonomous vehicles (CAVs). Small cells will be deployed along a route through Coventry and Birmingham
where the CAVs will be tested.

= The FCC (US) has encouraged applications from the research community for experimental licences for radio frequencies not
granted or assigned, to promote innovation and research through experiments in defined geographic areas.

= The EC Horizon 2020 work programme (2018-2020) is promoting innovation in 5G involving the EU, China, Taiwan, China and the
US. Activities include end-to-end testing of cross-border connected and automated mobility, and 5G trials across multiple vertical
industries.

» The Federated Union of Telecommunications Research Facilities for an EU-Brazil Open Laboratory (FUTEBOL), is creating research
that promotes experimental telecommunication resources in Brazil and Europe. FUTEBOL will also demonstrate use cases based
on loT, heterogeneous networks and C-RAN.

= The Russian Ministry of Communications concluded an agreement with Rostelecom and Tattelecom to create an experimental 5G
zone in the hi-tech city of Innopolis.

Sources: https: / / goo .gl/ JWFBCY (Korea Rep. of), https: / / goo .gl/ FnLZCd (UK), https: / / goo .gl/ wNVZgs (US), https: / / goo .gl/

iXkYQ o (Europe), https: / / goo .gl/ VNeDwn (EU-Brazil), https: / / goo .gl/ 4DySs2 (Russia)

ITU Report: Setting the Scene for 5G: Opportunities & Challenges



Commercially-led 5G initiatives

= Telstra (Australia) is working with Ericsson on key 5G technologies including massive MIMO, beamforming, beam tracking and waveforms. Telstra
and Ericsson achieved download speeds of between 18 Gbit/s and 22 Gbit/s during the first live trial of 5G in Australia. Optus also completed a 5G
trial with Huawei, reaching the fastest speeds in Australia so far of 35 Gbit/s.

= [talian mobile operator Wind Tre, Open Fibre (Italy’s wholesale fibre operator) and Chinese vendor ZTE have announced a partnership to build what
they say will be Europe’s first 5G pre-commercial network in the 3.6— 3.8 GHz band. They will also collaborate with local universities, research
centres and enterprises to test and verify 5G technical performance, network architecture, 4G/5G network integration and future 5G use cases —
including augmented reality or virtual reality, smart city, public safety and 5G healthcare. The pilot project will run until December 2021.

= A5G pilot network was deployed in and around the Kazan Arena stadium (Russia) for the World Cup 2018 football tournament in a project led by
MegaFon. Rostelecom is also partnering with Nokia on a 5G pilot wireless network located at a Moscow business park to test various 5G usage
scenarios.

= Verizon (US) announced it is planning 5G tests in several US cities. The roll-outs will be based on wireless backhaul rather than fibre. AT&T also
indicated that it will launch 5G fixed-wireless customer trials based on its recent trials in Austin where it achieved 1 Gbit/s speeds and sub-10
milliseconds latency. The tests will be conducted using equipment from Ericsson, Samsung, Nokia and Intel.

= Comsol plans to launch South Africa’s first 5G wireless network. Comsol’s trial will test the performance of 5G in real-world conditions using small
cells in addition to macro solutions. It is likely that Comsol will offer fixed-wireless service to compete with fibre-to-the-home (FTTH) services.

=  Huawei and NTT DOCOMO achieved a 4.52 Gbit/s downlink speed over 1.2km. Huawei supplied one of its 5G base stations, which supports massive
MIMO and beamforming technologies in addition to its 5G core network.

Sources: https: / / goo .gl/ cWTC31 (Australia), https: / / goo .gl/ tYspR9 (ltaly), https: / / goo .gl/ EQftwd (Russia), https: / / goo .gl/ yxaoyy (US), https: / /
goo .gl/ VeuiaW (South Africa), https: / / goo .gl/ Teq6e2 (Japan)

ITU Report: Setting the Scene for 5G: Opportunities & Challenges



Setting the Scene for 5G:
Opportunities & Challenges
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5G: 16 Key issues for policy-makers to consider

Policy-makers may consider undertaking their own independent economic
assessment of the commercial viability of deploying 5G networks

Until the case for 5G networks can be clearly made, policy makers may consider
enhancing the availability of and boosting the quality of 4G networks

NRAs may consider allocating/assigning globally harmonized 5G spectrum bands

NRAs may consider adopting a spectrum roadmap and a predictable renewal
process

NRAs may consider allowing sharing to maximize efficient use of available
spectrum, particularly to benefit rural areas

NRAs may consider selecting spectrum award procedures that favour investment
Policy-makers may consider supporting the use of affordable wireless coverage
(e.g. through the 700 MHz band) to reduce the risk of digital divide
Policy-makers, where the market has failed, may consider stimulating fibre

investment and passive assets through PPPs, investment funds and the offering of
grant funding, etc.
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Fibre tax

Copper

migration to
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Wireless
backhaul

Access/sharing
of passive
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Access costs

Asset database

Wayleave
(rights of way)
agreements

B test beds

Policy-makers may consider removing any tax burdens associated with deploying
fibre networks to reduce the associated costs

Policy-makers may consider adopting policies/financial incentives to encourage
migration from copper to fibre and stimulate deployment of fibre

Operators may consider a portfolio of wireless technologies for 5G backhaul in
addition to fibre, including point-to-multipoint (PMP), microwave and millimeter
wave (mmWave) radio relays, high altitude platform systems (HAPS) and satellites

Policy makers may consider allowing access to government-owned infrastructure
such as utility poles, traffic lights and lampposts to give wireless operators the
appropriate rights to deploy electronic small cell apparatus to street furniture

MRAs may consider continuing to elaborate existing duct access regimes to
encompass 5G networks allowing affordable fibre deployments

Policy-makers/NRAs may consider ensuring reasonable fees are charged to
operators to deploy small-cell radio equipment onto street furniture

Policy-makers may considerholding a central database identifying key contacts,
showing assets such as utility ducts, fibre networks, CCTV posts, lampposts,

etc. This will help operators cost and plan their infrastructure deployment more
accurately

Policy-makers may agree upon standardized wayleave agreements to reduce cost
and time to deploy fibre and wireless networks

Policy-makers may consider encouraging 5G pilots and test beds to test 5G
technologies, and use cases, and to stimulate market engagement



MNetwork sharing (examples)

e [n November 2017, the Netherlands passed a bill designed to accelerate broadband roll-outs. It mandated
all owners/administrators of networks and related infrastructure to comply with reasonable requests for
shared access and/or coordinated network deployment, and to share information about their infrastructure.
¢ Indonesia’s Ministry of Communications and Information Technology is working toward new rules to
encourage the development of passive infrastructure sharing such as ducts, poles, towers, cabinets, etc.

e UK telecoms regulator Ofcom is running a market consultation to mandate the incumbent operator and
significant market player BT to offer duct fibre access to rival operators. Previous attempts to mandate dark
fibre access failed.

e In Italy, ultra-fast broadband legislation has enabled TIM and UTILITALIA (the federation of electricity, gas,
water and environment companies) to sign a memorandum of understanding to facilitate the use of pre-
existing infrastructures of more than 500 local utility operators to deploy fibre networks.

Sources: https: / / goo .gl/ kgYCRM (Netherlands), https: / / goo .gl/ vWq7aD (Indonesia), https: / / goo .gl/
vdFxz9 (Ofcom, UK), https: / / goo .gl/ m24g32 (Italy)




a Streamlining the deployment of small cells (examples)

In September 2017, a California bill was passed streamlining small cell deployment by per-mitting its use and
making such deployment no longer subject to a local discretionary permit or with specified criteria. The new
legislation standardizes small cell deployments across the state. In addition, the bill:

e Grants providers non-discriminatory access to public property

e Allows local governments to charge permit fees that are fair, reasonable, non-discriminatory and cost-
basede Limits the costs charged by local governments of attaching equipment to USD 250

e Stops local governments putting an unreasonable limit on the duration of the permit on the telecom facility

A similar approach has been proposed in a bill in Florida, requiring an authority to process applications for
siting small cell equipment on utility poles on a non-discriminatory basis and approving applications within
set time-scales. The bill also proposes that authorities may not enter into any exclusive arrangements
entitling providers to attach equipment to authority utility poles. Furthermore, the bill states that authorities
may not charge more than USD 15 per year, per utility pole.

In Washington State, a bill proposes to authorize the installation of small cell facilities on publicly owned
assets and limits charges to USD 500 per annum. In lllinois, a bill proposes that local government may not
prohibit, regulate or charge operators to deploy small cell wireless equipment.

Sources: California SB-649, 2017; Florida SB-596, 2017; Washington SB-5711, 2017; lllinois SB-1451, 2017
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88 Network sharing (examples - commercially
| driven)

* |[n Spain, telecoms operator MASMOVIL has passed the ten million household threshold using a fibre
network that it shares with Orange Espana through a network-sharing pact.

* |n Portugal, Vodafone and operator NOS have signed an agreement to deploy and share a fibre network that
will be marketed to around 2.6 million homes and businesses. The two companies provide access to each
other’s networks on agreed commercial terms.

* New Zealand’s wholesale network operator, Chorus, is calling on the government to begin formulating plans
for a single 5G mobile network — one which can be shared by all service providers, a more sustainable
approach than having a separate 5G network for each of the country’s three mobile operators.

e Vodafone Cameroon has recently signed a ‘strategic national network sharing agreement’ with CamTel,
allowing Vodafone to use CamTel’s existing network infrastructure in Douala and Yaounde and to expand its
coverage to new locations across the country.

e Telenor Denmark and Telia Denmark have signed a services contract with Nokia to manage their shared
mobile networks run by one infrastructure company (TT-Netvaerket).e Econet Wireless (Zimbabwe), has
stated it is open to infrastructure sharing, under an equitable ‘one-for-one’ infrastructure.

Sources: https: / / goo .gl/ u2fojb (Spain), https: / / goo .gl/ bT9hZ4 (Portugal), https: / / goo .gl/ vh4LGP (New Zealand), https: / / goo .gl/ AAbapS
(Cameroon), https: / / goo .gl/ JmuSnJ (Denmark), https: / / goo .gl/ iSb4sq (Zimbabwe)



. Some 5G Deployments strategies

600MHz auctioned — T-Mobile using 3.5GHz band to be shared under CBRS 28GHz available; 64GHz for
for 5G unlicensed
Ofcom 700MHz spectrum available by 3.5GHz cleared; 3.7GHz under consultation 26GHz to be repositioned for mobile
2020 data
MSIT (KOR) 700MHz and 1.3GHz to be freed up  3.5GHz to be allocated 28GHz — 1GHz available; 38GHz to
in 2018 be allocated
MIIT (CHN) 800MHz for NB-loT 3.3GHz, 3.5GHz, 4.4GHz, 4.9GHz being 26GHz and 40GHz reallocation
considered underway
MIC (JPN) 700MHz assigned for LTE 3.4GHz & 4.4-4.9GHz under review, 3.5GHz 27.5-29.5GHz to be reassigned for
done mobile BB

For coverage — mobile BB and 3.5GHz has wide support — for eMBB and 26 — 28GHz has wide support — high
massive loT mission-critical apps density and high capacity

3.5GHz IMT vs FSS will be evaluated and coordinated with neighbouring countries
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