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Ecosystem of Mobile Industry
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Positive Cycle
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Market Forecast | Bright side
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Rapid growth of Mobile service 5G launch from 2019

e Subscribers: 0.77bn ('01) — 3.5bn ('11) — 5.5bn ('21) 2017: 2G (38%), 3G (28%), 4G (34%), 5G (0%)

« Connections: 0.97bn ('01) — 6.0bn ('11) — 8.5bn ('21) 2025: 2G (8%), 3G (23%), 4G (55%), 5G (14%)

5 10 B Connections 5 10 m5G
5 9 Unique subscribers 5 9 | mac
¢ 8 3G
/ 7
2G -.I
6 6 m1G _
5 5 [ |
4 4
3 3 -
2 2
il 1
| .|
‘00 '02 '04 '06 '08 '10 '12 '14 '16 '18 20 '22 '24 ‘00 '02 '04 'o6 '08 '10 '12 '14 '16 '18 20 '22 '24

[GSMA Market data, Apr. 2018]

© 2019 Samsung Research. All rights reserved.




Market Forecast | Dark side
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Growth Rate | ARPU |
* Subscribers: 27% ('01) — 10% ('11) — 2% ('21) * Subscribers: $40.5 ('01) — $20.1 ('11) — $13.6 ('21)
e Connections: 28% ('01) — 12% ('11) — 2% ('21) e Connections: $37.9 ('01) — S11.6 ('11) — S$8.5 ('21)
30% Unique subscribers >50 Unique subscribers
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New Growth Engine, loT

loT connections worldwide

Billions
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loT to lead the new growth

Connections of Industrial loT:
2.9bn ('17) - 13.7bn ('25)
Connections of Consumer loT:

4.6bn ('17) > 11.4bn ('25)
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5G Requirements & Performance
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[ITU-R document 5D/TEMP/625]
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« High definition (HD) videos
« Virtual reality (VR)
» Augmented reality (AR)

Download of 15GB HD video

E 4G ) 240sec
— 5GP ¢sec

* Remote robot control
e Connected autonomous vehicles
* Interactive gaming

Autonomous vehicle

14 moving at100km/h
m

e Smart city
e Smart agriculture

Within an area of 1km?
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5G Spectrum
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Above 6GHz is now available as new spectrum for 5G.

Below 6GHZz Above 6GHz

.

| I
3.5GHz 25GHz 30GHz 35GHz 40GHz

Europe 3.4-380e USA  275-28.35c USA  37-40c:
Korea 3.4-37cu Europe 24.25- 27500
Japan 36-4.2ck Korea 26.5-29.5ux
4.4 - 4 Praa Japan 275 - 29561
India 3.3-34ck
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Evolution of 5G Standards in 3GPP
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2019 2020 2021
o ¢ ¢ ¢
i Rel.15 A Rel.15 late drop A Rel.16 A Rel.17
(ASN.1 '18.9) (ASN.1 '19.6) (ASN.1 '20.6) (ASN.1 '21.9)
Rel-15 (Phase 1) Rel-16 (Phase 2) Rel-17 (Phase 3?)
Overview Vertical Support Self-dependent System
e URLLC* (<1ms, 10° reliability ) - Industtilal IoT,dURLLC enh. - ER—I\QTC -
- NR-Unli - Broadcast/Multicast
* mmWave (~52.6GHz, 400MHz) niicense
* Connected Car * New features
. - NR-V2X - Sl on waveform for >52.6GHz
ey features * Int. Access & Backhaul (I1AB) Improvements
e eMBB/URLLC support P
- NR-MIMO, mmWave BF Performance Enhancement * Enhancement features
- LDPC * eMBB enhancement - RAN:NR-U, power saving,
- Reduced TTI - eNR-MIMQO, Positioning S'C}eltm)k egh.(/nc. public
safety), etc.
* Deployment options - Mobility enh., Power Saving % '
- NSA/SA, NR-NR DC (Late drop) « system work (SA4) on VONR - System: MEC, Vertical LAN,

NW Analytics, etc.
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Expansion in Ecosystem
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https://www.press.bmwgroup.com/global
http://www.3gpp.org/

More and More Verticals
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5G expected to support much more verticals and services
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Standard-Driven Evolution in Mobile Communications
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Smart Phone (2007)

- @
LTE, WiMAX, UMB, ... @ unified, vertical

UMTS, CDOMA2000 @ broadband, IP, global

voice + data
GSM, GPRS, EDGE, 1S-95, \
PDC, iDEN, D-AMPS, ... WTO (1995) _ _ .
digital Evolution of 5G would continue during next 10 years
= Success of 5G is important to create industry momentum
@ NMT, AMPS, TACS, C-450, TMA, RTMI,
cellular
@ PTT, MTS, IMTS, AMTS, ...
mobile
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Mega-Trend toward 6G: Super-enhanced Mobile Broadband

o
L

x 80 Increase of Mobile Traffic
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75% of Mobile Traffic: Video
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® Non-Video m Video M2M
[Report ITU-R M.2370-0]

Super-high-definition Video

64 K Digital Cinema
~ 256Gbps

8K — Super HI-VISION TV

7680x4320

o e =

3840x2160

2K-HD

61440x34560

1080i and 1080p

1920x1080 HDTV :
10 bit@1920x1080@24fps
=127MB/sec

Super-immersive Multimedia
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Mega-Trend toward 6G: Enhanced Latency, Positioning & Connectivity
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Zero Perceived Latency Everything Connected at 2030

Internet of Skill
3D scanning & transmission: 100 Tera-pixel/m? [Technical Gazette]

Things
Connected

Ground robotics ane-leve

Various

navigation navigation : Devices
- . e .'r A . .

Heavy machine

Industrial navigation
and tracking navigation
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Mega-Trend toward 6G: Artificial Intelligence
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On-Device Al Processing
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Al-Powered Cloud Computing
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Moving Toward 6G
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Super-high Precision Positioning

3D video, UHD screens

Work and play in the cloud |

Augmented reality

Industry automation

Yoice . Mission critical application,
e.g. e-health

Smart City — Self Driving Car

Evolution of 5G

Super-reliable & Low-Latency

Super-massive Connectivity Communication
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Thank you!
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