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Internet of Things — loTs?




[I0T? (Some Industry Definitions)

» A network connecting (either wired or wireless) devices, or ‘things’, that is characterized by autonomous
provisioning, management, and monitoring. The IoT is innately analytical and integrated (1DC)

» loT is the next evolution of the Internet, connecting the unconnected people, processes, data, and things in
your business today (Cisco)

» |loT devices as those capable of two-way data transmission (excluding passive sensors and RFID tags). It
includes connections using multiple communication methods such as cellular, short range and others.

(GSMA)

» Sensors & actuators connected by networks to computing systems. These systems can monitor or manage the
health and actions of connected objects and machines. Connected sensors can also monitor the natural world,

people, and animal” (McKinsey)



> Resolution ITU-R 66 (recognizing “c”)

loT is a concept encompassing various platforms, applications, and
technologies implemented under a number of radio communication services

» ITU-T Recommendation [Y.2060 renamed as Y.4000]

A global infrastructure for the information society, enabling advanced services by
interconnecting (physical & virtual) things based on existing and evolving
interoperable information and communication technologies



» Physical things

» Virtual things « .
Exist in the information world b/ RS
Qr’ ¢ — ===

Internet of Things - ITU Definition

Exist in the physical world and

Information world

: Physical world
are capable of being sensed, :
actuated and connected. |_;| Z
Examples: industrial robots, o] e ---=- e
goods and electrical '"“‘::,1::3.__7_ S
4 J/ \"- i - @

equipment.

and are capable of being
stored, processed and
accessed.

Examples: Multimedia content,

mm,unlcatlon .
'Eﬂoonetworks D (o

device

gateway

physical thing

virtual thing

communication

mapping

communication via gateway
communication without gateway

direct communication

application software.

Source: Recommendation ITU-T Y.2060




[0T reference model ’
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A multi-tier SSC (smart sustainable city) ICT architecture from communication view
Source: ITU-T Focus Group on Smart Sustainable Cities: Overview of smart sustainable cities infrastructure



7 —

=5
:ﬁ . 94

—

A

th
ity 20° Lsokay Division of labor & electricity lead to mass production facilities

Late 18"Century

Business & Societal Impact

[0Ts and Industry 4.0

=

Early 1970's M Y 2.0 S vS & LOonu
Production is automated further by electronics & IT

Basic machines powered by water & steam are part of production facilities

Intelligent Connections

on
of interconnectivity are integrated

loT & Standards-based protocols
are helping IT and OT converge

and drive new economic value
streams

The Convergence of IT and OT

Information Technology (IT) supports
connections to the internet along with
related data and technology systems and
is focused on the secure flow of data
across and organization

Operational Technology (OT) monitors
and controls devices and processes on
physical operational systems (assembly
lines, utility distribution networks,
production facilities, roadway systems etc.

Typically, IT does not get involved with the
production and logistics of OT
environments

Source: it cok

training on BB networks
planning, Bangkok, Sep 8

2017



» Wireless Technologies

» Diversity of loT application requirements:

= Varying bandwidth requirements (how much information is sent)
= Long-range vs short-range

= Long battery life

= Various QoS requirements

Spectrum needs to be made available in a range of frequency bands to cater for various cases



NN

» Open platforms

= Designed to make building and deploying applications easier, faster, secure and more
accessible for everyone.

Why [0T?

> Allows

= To create the low-power, wide-area sensor and/or actuator network (WASN) systems for
Machine Type Communications (MTC), Smart cities and Ubiquitous Sensor Networks (USN)
applications.

» Contributes
= To socio economic development such as in Agriculture, health sector and many more.

» Efficient Management
= Manage utilities efficiently such as smart power, water grids, and transport management

10



¢ty loT Usage Cases
. 4

Urban or dense
urban

Rural or remote

Source: itu Workshop on
Spectrum Management for
Internet of Things Deployment,
22 November 2016, Geneva

Type of Networks . .
Commercial services

PAN: Persona[ Area Network %
LAN: Local Area Network

LPWAN: Low Power Wide Area
Network
WAN: Wide Area Network

Private mobile VHF — UHF, telemetry,
telecontrol, M2M e loT,

Oportunistic use of spectrum — White
spaces 11



[oT Usage Categories
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Category Sub-category
T Consumer electronics Smart TVs, home entertainment (games consoles, speakers), personal
entertainment (MP3 players, portable gaming devices), set-top boxes
Q Smart home Home appliances (fridges, washing machines), home infrastructure
by (routers), home security (alarms), energy monitoring (thermostats)
7~ P
G~ ‘;’t Wearables Fitness trackers (including personal health trackers), smart watches
I g I @ Smart vehicles Connected cars, connected bikes, insurance telematics
Consumer - others Trackers for children, the elderly and pets, as well as drones and robots
Smart city Public transport, surveillance, electric vehicle charging, street lighting,

Industrial loT )
parking, waste management

Smart utilities Energy, water and gas smart metering, smart grid
. Smart retail PoS, digital signage, vending machines, ATMs
F o
@ Smart manufacturing Inventory tracking, monitoring and diagnostics, warehouse management
[ ]
Smart buildings Heating and air con, security, lighting, hot desks, office equipment
Ta Health Remote monitoring of medical devices, emergency vehicle infrastructure
Enterprise - others Fleet management, applications in agriculture, oil, mining, construction

Source: csma Intelligence - 1oT: the next wave of connectivity and services
12



[0T design requirements

loT Network Impact on loT Systems Design

Scale Tens of thousand sensors in a given site; or millions distributed geographically
More pressure on application architectures, network load, traffic types, security, non-standard usage pattern

Heterogeneous end- Vast array of sensors, actuators, and smart devices — IP or non-IP
points Diverse data rate exchange, form factor, computing and communication capabilities, legacy protocols

Accessibility-Visibility May be deployed before activation, maybe or cannot-be accessed once deployed
of end-points Devices deliver services with little or no human control, difficult to correct mistakes, device management is key

Criticality of services Human life critical (Healthcare), Critical infrastructure (Smart Grid)

Stringent latency (10ms for SG) and reliability requirements, may challenge/exceed network capabilities of
today

Intrusiveness Things with explicit intent to better manage end-users (eHealth, Smart Grid)
Issues of Privacy become major obstacles

Geography Movement across borders
Issues of numbering for unique identification

Source: itu coe training on BB networks planning, Bangkok, Sep 2017 13



MY [oT Connectivity Options
PMR

(telemetry,
control and

automation) Satelllte

Licensed
spectrum NB:
EC-GSM, NB-IoT
(LPWA)
§<< (\) =
Unlicensed

spectrum LPLA

Unlicensed
spectrum LPWA

LPLA: Low Power Local Area
LPWA: Low Power Wide Area Source: itv Workshop on Spectrum Management for Internet of Things Deployment, 22 November 2016, Gerﬁtla



[oT network connectivity requirements

loT Network Impact on loT Systems Design

Resource-constrained  Severely resource constrained (memory, compute)
endpoints Cost motivation: compute/memory several orders of magnitude lower, limited remote SW update capability,
light protocols, security

Low Power Some end-point types may be mostly ‘sleeping’ and awakened when required
Sensors cannot be easily connected to a power source, reduced interaction time between devices and
applications

Embedded Smart civil infrastructure, building, devices inside human beings
Sensors deployed in secure or hostile operating conditions, difficult to change without impacting system,
Security

Longevity Deployed for life typically, have to build-in device redundancy
Very different lifetime expectancy, rate of equipment change in loT business domains much lower than ICT
Industry

Source: itu coe training on BB networks planning, Bangkok, Sep 2017 15
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Study in ITU under WRC-19 agenda item 9.1, issue 9.1.8 (Machine Type Communication - MTC)

<

[oT Technical Solutions

Studies on the technical and operational aspects of radio networks and systems, as well as spectrum needed, including
possible harmonized use of spectrum to support the implementation of narrowband and broadband machine-type

communication infrastructures

- Cellular M2M
- Non- cellular M2M

Weightless-N
Weightless-P

Bluetooth m
= a3

802.11ah WAVloT

802.11p

Z-WAVE




[oT Technical Solutions

» Fixed & Short Range
= RFID
= Bluetooth
= Zighee
= WiFi

» Long Range technologies
= Non 3GPP Standards (LPWAN)
= 3GPP Standards
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Spectrum Needs of [oT

.. 4

» 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.

18
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& Spectrum Licensing for [oT
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Spectrum for MTC/loT applications

Unlicensed spectrum Licensed spe*rum

Low cost /no license fees
Regulatory limits (EIRP

®  Better Inference management

®  Network Security

restrictions) ®  Reliability

Non-guaranteed QoS

» All devices can have access to

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

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

¢ Short range and delay-tolerant
applications are typical use cases

Example: In China New bands for M2M:
®  |IMT spectrum can be used for supporting NB-loT,

eMTC and LTE-V2N (eNB-to—vehicle) ® 5905 -5 925 MHz for LTE-V2X trials
®  MBB spectrum can also be used for M2M/loT ® 2 x2.3 MHz in 800MHz can be used for NB-loT
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@Q Spectrum usage for IoT - SRDs
= ‘i N IEEE Z. © Bluetooth é\

802.11ah Zgiee

<

(IEEE 802.15) Bluetooth LE wisun
IEEE 802.11ac ; " (IEEE 802.15) (IEEE 802.15)
E3] DAsH7 B s
DASH7 o and many others
Source: itv Workshop on Spectrum
Management for Internet of Things
Deployment, 22 November 2016, Geneva
870 921 MHz

40 MHz 433 MHz

MHz 2.4 GHz 5 GHz
I 11 0 NN
|

—
-
‘---_,-
-
-
-

= % _
LoRa e Sigfox and others
rij
(RCC based start up with UNB
interface: two-way communication and
extended coverage)
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v Spectrum usage for [oT - SRDs

e

Y

Some widely deployed SRD technologies in Sub 6GHz bands

| |
1 1 | } |
0 + 400 500 600 700 E!oo 900 1{}Ibo 2000 : 2400 : E8D0 ! _ﬁégg@
f } T T T ; T
a | | | | "] fMH)
| NFC : . | | : : : 802.11ad :
| | i ..
{ ZIGBE
02, 11p
: | Zes | | ! & ;
ZWA 3 U
| | L VE | | \ZIGBEE/|| | UWB I |
| 1 1 |  Buuetooth | | | |
BLE |

Source: v Workshop on Spectrum Management for Internet of Things Deployment, 22 November 2016, Geneva
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[oT deployments in Licensed Spectrum - IMT

NB-IoT EC-GSM

ZARR

4
j [i? - LTE700 DL ELTE800 DL GSM DL

450 70 788 791 821 832 862 880 915 925 960

ay—

LTE-Advanced Pro, LTE-MTC

= 4




(%) Spectrum Needs of [oT

M2M

Radiocommunication Technologies Frequency range

Technology  Spectrum band « Sub-1 GHz band are most suitable for
NB-loT MBB bands efficient provision of wide area coverage;
eMTC MBB bands
Sigfox 868MHz
MBB bands (Uu) Authorization
LTE-V2X
5.8,5.9GHz (PC5) , , , o
Bluetooth 5 e . Sharln? spectrum with unlicensed authorization to
achieve low cost and low power requirements
ZigBee 868/2450MHz
13.56/27.12/433/ : : : : :
RFID 860MHz .. « Licensed (exclusive) spectrum is more suitable for wide
NEC 13 56MH area coverage and/or higher reliability requirements for
P delay sensitive applications
Z-WAVE 868 MHz
Ingenu 2.4GHz

23



IMT- Ildentified Spectrum



Definition
> Res. ITU-R 56-1;

, , , , . . - , RADIOCOMMUNICATION
Since ITU is the internationally recognized entity that has sole responsibility to define and to recommend the ASSEMBLY
standards and frequency arrangements for IMT systems, with the collaboration of other organizations such as ot Al SRS

26 - 30 OCTOBER 2015

standard development organizations, universities, industry organizations and with partnership projects,

|

b=

forums, consortia and research collaborations, therefore the RA-15 debated especially on naming of IMT

systems.

* the existing term IMT-2000 continues to be relevant and should continue to be
utilized;

* the existing term IMT-Advanced continues to be relevant and should continue to be
utilized;

* However for systems, system components, and related aspects that include new
radio interface(s) which support the new capabilities of systems beyond IMT-2000
and IMT-Advanced, the term “IMT-2020" be applied

* In addition it was resolved that the term “IMT” would be considered the root name
that encompasses all of IMT-2000, IMT-Advanced and IMT-2020 collectively.




Enhancement of key capabilities
from IMT-Advanced to IMT-2020

Peak User experienced
data ate data rate
(Gbit/s) (Mbit/s)

Area traffic
capadi Spectrum

(Mbit/s/m?) ettidency

Network 100x
energy
efficiency

Connection density Latency
(devices/km?) (ms)

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)

The importance of key capabilities
in different usage scenarios

User experienced
data rate

Peak .
datarate Wah MPortanc,
gty
Enhanced ¢
mobile broadband Medium

Area traffic S m
. Low
capacity |

Ultra-reliable
Massive machine and low-latency
type communications communications

Connection Lat
density s/



IMT-2020
standardization

IMT Supports loT process

Setting the stage for the future:

Enhanced MObile Broadband vision, spectrum, and
technology views
PN
Gigabytes in a second Development plan Spectrum/
band arrangements
Market/services view (post WRC-15)
3D video, UHD screens Technology/ Technical performance
research kick off requirements
Work and play in the cloud Vision — IMT for 2020 Evaluation criteria
Smart Home/Building Name Invitation for proposals
Augmented reality 6 GHz spectrum view Sharing study
parameters
Process optimization (IMT-WRC-19)
Industry automation Sharing studies
v] v’
Voice . Mission critical application, 2012-2015 2016-2017
e.g. e-health
Smart City Self Driving Car 2018-2019 2019-2020
Proposals Spedrum/
FUture IMT “ hgnd arrangements
Evaluation
Dedision and radio
Consensus building framework
CPM Report Detailed IMT-2020
(IMT-WRC-19) radio spedfications
1 i . i Sharing study reports Future enhancement/
Massive Machine Type Ultra-reliable and Low Latency Sharing L
Communications Communications process

Source: Forging paths to IMT-2020 (5G), Stephen M. Blust, Chairman, ITU Radiocommunication Sector (ITU-R) Working . 7
Party 5D, Sergio Buonomo, Counsellor, ITU-R Study Group 5, ITU News, 02/2017 Defining the technology



Understanding IMT applications

enhanced Mobile-Broadband
- Peak speed 20 Gbps
. -Edgeareal00Mbps | | 8K
’- ==

Consumer - Fixed
wireless

‘§ é % EDE Business

Ultra Reliable & Low Latency massive Machine-Type Communications

—‘ims Latency -1 million device connections/km? .
! . =107 Error-rate, Ultra reliability ! | - High energy efficiency

Source: Forging paths to IMT-2020 (5G), Stephen M. Blust, Chairman, ITU Radiocommunication Sector (ITU-R) Working
Party 5D, Sergio Buonomo, Counsellor, ITU-R Study Group 5, ITU News, 02/2017

Some 5G
use cases and
challenges
atency. Reliability. Throughput. Density. Speed. Flexibility

Autonomous
vehicles

LRIDSF EOEEO]

Smart traffic

management
Jo P
\ 1/

LRTIDSF

Emergency

networks f
\

LRT.D.S.F

Factory
automation ‘

aa LRI.DSF

High
speed rail

LRIDSF
Short lived

massive
% outdoor
LRIDSF
Internet
of Things

LRI.D.S.F

= Any media
anywhere o

= LrrpsF @
modical ()

lRTDSF

Smart
1 . Gnds
LR.I.D.S.F

Virtual
reality

L.RI.D.SF ||_ _Il
@ Fixed

wireless
access

=J LRTDSF




Source: Forging paths to
IMT-2020 (5G), Stephen
M. Blust, Chairman, ITU
Radiocommunication
Sector (ITU-R) Working
Party 5D, Sergio
Buonomo, Counsellor,
ITU-R Study Group 5, ITU
News, 02/2017

5G network slicing

5G network slicing enables service providers to build virtual

= end-to-end networks tailored to application requirements.
U Mobile Communication
broad Entertainment
band

Internet

4G networks

do not enable : e Retail

the range of  JUUEIMLE e

services that h‘,to' Shipping
thefl!ture SRLERESRERSS Manufacturing
requires.
5G will be Reliable Automotive

fast:lr al'll:;:ll low Medical
more fiexibie. latency Infrastructure

m Others Other
applications

loT: Internet of things network




@ 5G and 3GPP Releases evolution

fb}w 3GPP Ongoing Releases 56-.. gl
I.te 2017 2018 2019

TSG# 75 76 77 78 TSG# 79 80 B1 B2 TSG# 83 84 85 86

Relea'fae 14

Release 15(5G Phase 1)

: Freezing
'Non-5tand Alone (M5SA
: Radio

= =

Release 16 (5G Phase!2)

Source: http://www.3gpp.org/images/articleimages/ongoing releases 900px.JPG




3GPP Release overview
LTE-Advancad Pro - Major WI/5l in 3GPP Releases

RESSSERS T Release 14

LTE efficiency LTE-U 5G NextGen
LFI.. m"ﬁmm ::':-‘E‘t Generation

VoL TE viden mrnsmcsments LTE-WLAN aggregation with architecture
Mobity snd latency Dual Connectivity Start: Dec 2016

Verticals LTE 5G NR

e service delivery ﬁ:: e

e Comemmanarenzssuth e

RF/Performance  HSPA-LTE S/ Wi

Multi-band RFH tasting I.:'_‘.|:|r|'ti-'ul.ﬁn’:i-:--"n

ﬁrﬁm ﬂ“ mﬁm of previous Rel 13/14
2015-2016 2016-2017 2017-2018

MNOKILA

33 0 Mok 2017



] Fastestdevicesin 2017
Mobile broadband user equipment category evolution e
Major downlink and uplink commercialization steps Rel.12
Rel.11

Rel.10 and earlier

3l 5] 16 18 200 21
105Mbps

‘i_'i_ QG Status: IGPP TES6.306, 652017
- UL UE Cat16,18.20: 256808M

§ 2017 Nokie NOKIA



@ 3GPP Release 16 - Timeline

Rel-15 NSA Rel-15 NSA
(option-3) (option-3)

e AL Rel-15 5A Rel15 SA
(option-2) {option-2)
freeze ASN Rel-5 late drop Rel-5 late drop
freeze ASN
Rel-16 Study phase Rel-1b Study and Normative phase
Rel-16
freeze

Rel-16
ASN

Source: http://www.3gpp.org/ftp/Information/presentations/presentations 2018/RAN80 webinar summary(brighttalk)extended.pdf




3GPP Release 16 — 5G expansion

al Vehicle to X (V2X)

56 Industrial laT

a6 URLLE enhancements

o6 for Unlicensed spectrum operation

E—

|
Source: http://www.3gpp.org/ftp/Information/presentations/presentations 2018/RAN80 webinar summary(brighttalk)extended.pdf




3GPP Release 16 — 5G Efficiency

Interference Mitigation

a6 SON & Big Data

56 MIMO enhancements

06 Location and positioning enhancements

56 Power Consumption improvements

Dual Connectivity enhancements

Device mapatiilltiies exchange

|

Source: http://www.3gpp.org/ftp/Information/presentations/presentations 2018/RAN80 webinar summary(brighttalk)extended.pdf







@9 Outcomes of WRC-15

Mobile Broadband (MBB)

(agenda Item 1.1 and 1.2)




IMT Spectrum after WRC-07

IMT Spectrum After WRC-07 (MHZ)

1177 MHz 1177 MHz

1085 MHz
mo ' | ' l

Region 1 (121 Countries) Region 2 (35 Countries) Region3 (37 Countries) World

M <20% of countries M 20 to 80 of countries m 80 to 99% Countries 1 100% Countries
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@9 Outcomes of WRC-15

—
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> Need for More spectrum

Total
User
density

requirement
by 2020 AT el | AU
(MH2) identified identified

Additional AICELY Additional
(MHz2) demand (MHz) (MHz2) demand (MHz)

identified
(MHz2) demand (MHz)

1340 159 -359 389
981-1181 951

1960 779 -979 1009

163 — 455
885-1177

783 -1075

Estimated additional spectrum requirements by 2020 ranged from 159 to 1075 MHz depending on Region

and user density)

Source: CPM-15 report (Additional Spectrum Requirements)



Outcomes of WRC-15

3 E
. 74

e

» New spectrum ldentified
WRC - 15 I R S

Bandwitdh
138 some
84 some
25 any any  any
40 some any  any
6 any any  any
100 some some some
100 some
190 some  some
I . o 709




Outcomes of WRC-15

\..e(
> Spectrum for IMT
Footn identifying th i

Band
(MHz) Region 1 Region 2 Region 3

or parts thereof or parts thereof or parts thereof

5.286AA 20
- 5.295, 5.308A 5.296A 228
5.317A 5.317A 5.313A, 5.317A 262
5.341A, 5.346 5.341B 5.341C, 5.346A 91
5.384A, 5.388 315
5.388 90
5.384A 100
5.384A 190
5.4298 5.429D 5.429F 100
5.430A 5.431B 5.432A, 5.432B, 5.433A 200
36003700 |

| 4800-4990 |

Total Bandwidth

(Regional allocations vary and therefore totals can be different for a specific region)




IMT Bands after WRC-15

IMT Spectrum After WRC-15 (MHz) +60%
+ (o) + 0,
85% 52% 1886 MHz
1764 Mz 1786 MHz

+26%

2000

1800 1372 MHz
1600
1400
1200
1000
800
600
400
200
0

Region 1 (121 Countries) Region 2 (35 Countries) Region3 (37 Countries) World

M <20% of countries M 20 to 80 of countries m 80 to 99% Countries  100% Countries
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WRC-15 (Follow up)

» WRC-15 Final ACTs available at:
= www.itu .int/pu b/R-ACT-W RC.12-2015 (7 ci-16/22 of 17 may 2016) - “"'T!;"_:l"_"'i

» Radio Regulation 2016 edition available at:
= http://www.itu.int/pub/R-REG-RR/en

2016 New! Publication Notice with Order Form

The Radio Regulations, edition of 2016, contains the complete texts of the Radio Regulations
as adopted by the World Radiocommunication Conference (Geneva, 1935) (WRC-95),
subsequently revised and approved by the World Radiocommunication Conference (Geneva,
1997) (WRC-97), the World Radiocommunication Conference (Istanbul, 2000) (WRC-2000),
the World Radiocommunication Conference (Geneva, 2003) (WRC-03), the World
Radiocommunication Conference (Geneva, 2007) (WRC-07), the World Radiocommunication
Conference (Geneva, 2012) (WRC-12) and the World Radiocommunication Conference
(Geneva, 2015) (WRC-15), including all Appendices, Resolutions, Recommendations and
ITU-R Recommendations incorporated by reference. Available: end-October 2016

Available in 0 é other editions: 2012 Edition of 2008 Edition of 2004 Edition of
2001 Edition of 1998




Going Forward



IMT spectrum requirements and WRC-19

Low frequencies High frequencies
[ . | [ A |
N NG| I B
. s .h
||||||||||||||||||||E||||||||||||||||||||||||||||||||||||||| NN IR |||||||||||||||||||||||||||||||||||||| |11
3 4 5 6 10 20 30 40 50 60 70 GHz

I Inscope of WRC-19, already
allocated to Mobile Service

N Inscope of WRC-19, require
allocation to Mobile Service

+. Not in scope of WRC-19, but
allocated to Mobile Service

B Inscope of previous WRCs



<

BB applications in MS

(WRC-19 Agenda item 1.13 and 1.16)
» The following bands, which are already allocated to mobile, will be studied with a

view to an IMT-2020 identification: oo pua e U EOITG0
m 2425-27.5GHz (@bis) (Mbit/s)
= 42.5-43.5GHz “Copait Eicancy

= 45.5-47 GHz
= 47.2-50.2 GHz

" 50.4-52.6GHz SR VAR
" 66—76GHz /
- 81 - 86 GHZ © (devir;esf:mﬂ-' ; {ms)

» The following bands will also be studied, although they do not currently have global
mobile allocations: Res. 238 (WRC-15)
= 31.8-33.4GHz
= 40.5-42.5GHz
= 47-47.2 GHz



1.6 — NGSO FSS 1.13-1MT

Res. 159 (WRc-15) Res. 238 (WRC-15)

1.14 - HAPS
Res. 160 (WRcC-15)

Overlapping Bands in WRC-19 Agenda Items

9.1 (9.1.9)— FSS
Res. 162 (wRrc-15)

24.25-27.5

24.25-27.5 (Reg. 2)

37.5-39.5 (s-E% 37 -40.5

38 - 39.5 (globally)

39.5 - 42.5 (s-E®) 40.5-42.5

47.2 - 50.2 (E-s¥) 47.2 - 50.2

50.4 - 51.4 (E-s) 50.4-52.6

51.4 - 52.4 (E-s)

E-s: Earth-to-space; s-E: space-to-Earth.
All bands in GHz

Studies to address mutual compatibility & sharing feasibility among the services/applications for
which allocation/identification is envisaged
under the corresponding Res. relating to the Al in the overlapping bands




Future Spectrum need estimation for IMT
(24.25 GHz - 86 GHz)

Associated conditions for different

Spectrum needs in total Spectrum needs (GHz)
(GHz) per range

examples (For details, please see the
onding sections in the Annex A

» 3.3(24.25-33.4 GHz range)
Overcrowded, Dense urban and Urban
18.7 » 6.1(37-52.6 GHz range)
areas
. » 9.3 (66-86 GHz range)
» 2.0(24.25-33.4 GHz range)
Application- Dense urban and Urban areas 114 » 3.7 (37-52.6 GHz range)
based
» 5.7 (66-86 GHz range)
approach
» 0.67 (24.25-33.4 GHz range)
Highly crowded area 3.7 » 1.2 (37-52.6 GHz range)
5 » 1.9 (66-86 GHz range)
» 0.33(24.25-33.4 GHz range)
Crowded area 1.8 » 0.61 (37-52.6 GHz range)

Y

0.93 (66-86 GHz range)
Source: Chairman’s report TG 5/1 Annex 2: Working document towards Draft CPM text for WRC-19 AGenda Item 1.13




Future Spectrum need estimation for IMT
24.25 GHz - 86 GHz

Associated conditions for different examples (For details,
please see the corresponding sections in the Annex A)

Spectrum needs
Spectrum needs in total (GHz) (GHz)

» 3.33 (N=1),

User experlenced_ data rate of 1 Gbit/s with N simultaneously > 6.67 (N=2) Not available
Technical served users/devices at the cell-edge, e.g., Indoor ’
performance . > 13.33 (N=4)
-based _ _ . » 0.67 (N=1),
approach User experienced data rate of 100 Mbits/s with N
(Type 1) simultaneously served users/devices at the cell-edge, for wide > 1.32 (N=2), Not available
Calculated area coverage
on single > 2.64 (N=4)
technical eMBB Dense Urban > 0.83-4.17 Not available
performance ? MBB Indoor Hotspot Not availabl
requirement, = naoor Hotspo > 3-15 ot available
] With a file transfer of 10 Mbits by a single user at cell-edge in
e us?r i = . » 33.33 GHz (one direction)
experienced 1 msec

With a file transfer of 1 Mbit by a single user at cell-edge in 1 .
data rate. 3 o y g g > 3.33 GHz (one direction) Not available

With a file transfer of 0.1 Mbits by a single user at cell-edge in L

1 msec » 333 MHz (one direction)

Source. Chairman’s report TG 5/1 Annex 2: Working document towards Draft CPM text for WRC-19 Agenda Item 1.13




Future Spectrum need estimation for IMT
(24.25 GHz - 86 GHz)

jf
. 74

Associated conditions for different examples

Spectrum needs in total | Spectrum needs (GHz)
(GHz) per range

5.8-7.7
(24.25-43.5 GHz range)

(For details, please see the corresponding
sections in the Annex A

Dense urban micro

Calculated taking into

account different technical - 14.8-19.7 9-12

performance requirements, Indoor hotspot (24.25-43.5GHz and

i.e. user experienced data 45.5-86 GHz range)

rate, peak data rate and

area traffic capacity

Inform.atulaan fr:m some 26 (24.25-435 GHz
countries based on _ _ 7-16 range)

their national
considerations

5-10 (43.5-86 GHz range)

Source:. Chairman’s report TG 5/1 Annex 2: Working document towards Draft CPM text for WRC-19 Agenda Item 1.13

Note: The spectrum needs estimates of the different approaches and examples should be considered separately.
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Deployment

scenarios Micro Macro

Frequency range 24.25-86 GHz 24.25-43.5 GHz <6 GHz <6 GHz

<

Future Spectrum need estimation for IMT
(24.25 GHz - 86 GHz)

Indoor hotspot Urban macro

Deployment scenario __________ Micro | __Indoorhotspot

Total spectrum needs for 24.25-86 GHz 14.8-19.7 GHZ"
Spectrum needs for 24.25-43.5 GHz 5.8-7.7 GHz 9-12 GHz
Spectrum needs for 45.5-86 GHz =

s Considering the coexistence between multiple network operators (e.g. the guard band(s) may be required in the case of multiple network operators scenarios), the

total spectrum needs are expected to be increased.

** The division in this table regarding frequency ranges and deployment scenarios is just an indicative example on how spectrum needs could be distributed for different
spectrum sub-ranges within 24.25-86 GHz and different deployment scenarios. This table should not be understood nor used to exclude any possible IMT-2020
deployment options in the range 45.5-86 GHz.

Source:. WP 5D Liaison statement to Task Group 5/1



Some 5G Deployments strategies

Low (1 GHz) Medium (<6GHz) High (mmWave)

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
MISP (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



IoT and regulatory issues

One world, one global

> Licensed‘Vs Non Licensed spectrum SIM: How ITU-allocated
> Area of license p p

> Numbering global IMSI ranges

> Standardization SUPPO"tJQT and M2M

» Infrastructure sharing connectivity

» Access to data and open |OT 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



Mobile IoT commercial Launches

/3

» '}g‘

4

4 ’

Mobile loT
commercial
launches

as of March 2018

LTE-M NB-loT
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» loTs are in early stage of

<

Conclusion

Sweden | Based on available data, there were 22
deployment New Zealand ; : mobile-cellular subscriptions for each
. Norway E E machine-to-machine (M2M) subscrip-
=  Some operators already provided Y . ; ; tion worldwide at the beginning of
services Finiand | | 2015.
France I : |
5 5 The countries with the highest M2M
_ Denmarlc | | penetration rates are highly industrial-
United states _ ; ; ized, advanced economies, including
. . Ireland |G | | the Northern European countries of
> Spectrum requirements vary with Belgium N | | Sweden, Norway, Finland and Denmark
usage cases Bulgaria NN = !
Estonia [
=  Could be Unlicensed or Licensed. Italy |-
Slovakia [N
Spain [N
Luxembourg [N
» IMT supports numerous South Africa
. . . . Germany [
applications including support for ke g
IMT services Czech Republic. |
Iceland N : ! :
0 10 20 30 40 50

M2M subscriptions per 100 mobile-cellular subscriptions Source: [T Note: Data refer to early 2015.
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)
’35 Main Steps towards WRC-19

Resolution 809 wrc-15)

g
15t Session of Conference Preparatory Meeting: CPM19-1

30 Nov — 1 Dec. 2015; Results @CA/226 of 23/12/2015

-

Res. 1380

2"d Session of Conference Preparatory Meeting: CPM19-2
Planned dates at CICG in Geneva from 18 to 28 February 2019

Final meetings of regional groups
Member States’ proposals to WRC-19

RA-19: 21 to 25 Oct. 2019 ; WRC-19: 28 Oct. to 22 Nov. 2019
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Summary of Al

Agenda Iltem Issues Covered Chapter
Number

1.1,1.2,1.3,1.4 Mobile and Amateur 1
1.11,1.12,1.13,1.14 Science 2
1.5,1.15, 1.16, 1.17, 1.18 Aeronautical, Maritime and Radiolocation Issues 3
1.6,1.7,1.8,1.9 (1.9.1 Satellite Services, FSS 4
and 1.9.2), 1.10

7,9(9.1,9.2,9.3) Satellite Regulatory Issues 5
2(2.1and 2.2),4,9,10 General Issues 6

Res. 809 (wrc-15): 17 specific and 6 standing Items



Responsible
ITU-R Groups

WP 1A
~WP4C™

1.9. 182 N *** WP 4C is also in charge of developing studies and draft CPM text on resolves to invite ITU-R 2 of Res. ‘
359 (Rev.WRC-15) (AI 1.8) and sending that to WP 5B

WP 1B
CPM19-2

° footnotes WRC-19

* Relevant
part

[ 9.1.6 9.1.7




Overview of ITU calendar

Year

January — March

April — June

| July

— September

October — December

2015

CPM15-2

Last meetings of the Responsible Groups

WS on WRC-15

RA-15 | WRC-15 | CPM19-1

WP 5D (1%) |

| wps7B&7Cc(1%) |

WP 4C+WP 4A (2) |

| wepactwp A (1) |

[ wesp(39) |

[ 76 5/1 (1) |

. : S——— :
i | 1TwpssasB&sc(xy ] | ]

WPs 7B & 7C (2™) |
| wPs5A, 5B & 5¢C (2™) |

| WPs 1A & 1B (1) |

CPM-19 Steering

[ wesiaziB(2™) |

2017

WP 5D (4%) |

| wps7B & 7C(3) |

| [TG5/1(3%)]

WP 5D (6%) |

| weacswp 4a (39)

WP 4C+WP 4A (4%) |

WPs5A,5B&5C (37) |

| wes7B&7C(a™) |
| wpssa,sBasc(aty)) |

WPs 1A & 1B (3")

| [wsonwRc-19] |

WP 5D (5t) | wes1A & 1B (a™)]
I | [TG 5/1 (6™)]
_[Responsible Groups Meetings] | [Responsible Groups Meetings] | [Responsible Groups | ~ [Responsible Groups Meetings]

2018 | [ [1G5/1(a™1| ~ |lmespas*n] | Meetings]
cPm-19 [ wsonwrc-19] |
Managm Emmmmmmesems e s mmm e e —am e —mm———————————— S
Team
[Last meetings of the Responsible Groups] i
20190 CPM19-2 | 2 = = = 2 RA-19
| [wsonWRc-19] |

[ ..- 1= planned meetings

WS on WRC-19 = ITU Inter-regional Workshop on WRC-19 Preparation

Up-to-date information online at: www.itu.int/en/events/Pages/Calendar-Events.aspx?sector=ITU-R




WRC-19 agenda Item
(Chapter)

Issue

WRC Resolution (%)

Responsible Group(s)

Information from Responsible Group(s) MEl

www.itu.int/go/rcpm-

wrc-19-studies

1.1 (5) Res. 658 (WRC-15) WP 5A Doc. 5A/298 Sections 3.3 & 4 and Annexes 4 (c), 5 (b), 14
&15

1.2 (4) Res. 765 (WRC-15) WP 7B Doc. 7B/170 Section 3.3.1 and Annexes 1 (c), 2 (b), & 18

1.3 (4) Res. 766 (WRC-15) WP 7B Doc. 7TB/170 Section 3.3.2 and Annexes 3 (c), 4 (b), & 19

1.4 (3) Res. 557 (WRC-15) WP 4A Doc. 4A/196 Section 4.1.1 and Annexes 5 & 26 (b)

1.5 (3) Res. 158 (WRC-15) WP 4A Doc. 4A/196 Section 4.1.2 and Annexes 16 to 20 & 27 (b)

1.6 (3) Res. 159 (WRC-15) WP 4A Doc. 4A/196 Section 4.1.3 and Annexes 4, 8, 9 & 28 (b)

1.7 (4) Res. 659 (WRC-15) WP 7B Doc. 7B/170 Section 3.1.6 and Annexes 5 (c), 6 (b), 7, 8,9 &
20

1.8 (5) Res. 359 (Rev.WRC-15) WP 5B (1) Doc. 5B/195 Sections 2.1.1 & 3.3.1.2 and Annexes 1 (c) & 2
(b)
Doc. 4C/43 Sections 3.2.4 & 4.2

1.971.9.1 (5) Res. 362 (WRC-15) WP 5B Doc. 5B/195 Sections 2.1.1 & 3.3.1.3 and Annexes 3 (c), 4
(b), 19, 23, 33 & 36
Circular Letter 5/LCCE/64

1.9/192 (5) Res. 360 (Rev. WRC-15) WP 5B Doc. 5B/195 Sections 2.1.1 & 3.3.1.4 and Annexes 5 (c), 6 (b)
& 26

1.10 (5) Res. 426 (WRC-15) WP 5B Doc. 5B/195 Sections 2.1.1 & 3.2.1.1 and Annex 8

141 (1) Res. 236 (WRC-15) WP 5A Doc. 5A/298 Sections 3.4, 3.7 & 4 and Annexes 6 (c), 7 (b) &

16




ITU inter-regional Workshops for WRC-19

¢ To be scheduled halfway through the preparatory cycle
19 Workshop** * Presentation and review of the on-going preparatory studies of the ITU-R responsible groups for CPM-19
[21-22] Nov. * Presentation of the organization, preliminary views, draft priorities and positions of the regional groups
2017*

* To be scheduled few months prior to CPM19-2

* Presentation of the Draft CPM Report to WRC-19 (explanation of the draft Methods to satisfy the (WRC-19
agenda items)

2nd Workshop , ) . ) ..
[Q4 2018]** * Presentation and review of the regional groups’ draft views, positions and common proposals

* To be scheduled few months prior to WRC-19
* Presentation of the CPM & Dir. Reports to WRC-19

3rd Works h*?kp e Presentation and review of the regional groups’ draft views, positions and common proposals
[Q3 2019]

* Subject to the confirmation of the dates of the ITU-R SG 5 meeting currently planned on 20 Nov. 2017

** Updated information on meeting dates to be provided later on at: www.itu.int/en/events/Pages/Calendar-Events.aspx?sector=ITU-R




