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David Ige

Governor of Hawaii

Facebook.com/GovernorDavidlge
Twitter.com/GovHawaii
Instagram.com/GovHawaii
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Vastly improving cellular y . Better serving existing Creating new wireless
user experiences wireless use cases service opportunities

Ushering in a new era of wireless communications

5G will power new capabilities, services and experiences
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Qualcommn

snapdragon

Qualcomm® 5G NR reference design

Qualcomm 5G NR reference design is offered by Qualcomm Technologies, Inc. and/or its subsidiaries.




5G will be a reality across regions starting in 2019

See Appendix

Europe —e

Sub-6 and mmWave
(mmW in 2H19)

North America

Sub-6 and mmWave

China —e
Sub-6

o @

i

Australia/ SEA

Sub-6

—Japan

Sub-6 and mmWave

South Korea

Sub-6 and mmWave
(mmW in 2H19)

AT&T

“We plan to bring mobile 5G to 12 cities

this year, reaching at least 19 cities in
early 2019.”

Sprint

“In the first half of 2019 we plan to launch

mobile 5G in nine markets...”

T-Mobile

“T-Mobile is building out 5G in six of the

Top 10 markets... and 100’s of cities
across the U.S. in 2018.”

Verizon

“Verizon 5G mobility service will go live

in early 2019 and expand rapidly.”




5G will be a reality across regions starting in 2019 Deutsche Telekom

“We're continuing on our strong
preparation course for the rollout of

5G in 2020.”
Europe ——@ Chi .
« Sub-6'and mmV\i N —e@
: o 210y iy e ©—Japan \'/EVE .
“We’re launching in cities
|_ Sl mmvave in 2019... And that's just the start.”
North America South Korea .
Sub-6 and mmWave Sub-6 and mmWave SWISSCOm

(mmW in 2H19) “We plan to bring 5G to 60 towns by
the end of 2019.”

Vodafone

AUStra“a/SEA o “In 2019 we will be ready for launch

Sub-6 across [60 5G sites] by the middle of
the year... By 2020 we will scale
well past 1,000 sites...”

See Appendix




5G will be a reality across regions starting in 2019

See Appendix

Europe —e

Sub-6 and mmWave
(mmW in 2H19)

North America

Sub-6 and mmWave

China +— e
Sub-6
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Australia/ SEA

Sub-6

® e——Japan

Sub-6 and mmWave

South Korea

Sub-6 and mmWave
(mmW in 2H19)

China Mobile

“With the goal of 5G pre-commercialization

by 2019 and official commercialization
by 2020, we are fully promoting 5G
commercialization...”

China Telecom

“We will build 5G demonstration projects

and conduct scale trials of 5G applications
in 17 cities... launching commercial 5G
services in 2020.”

China Unicom

“We are... conducting 5G application

demonstrations and pre-commercialization
in 2019, and plan to officially launch 5G
by 2020”




5G will be a reality across regions starting in 2019

Korea Telecom

‘[December 1] 5G frequency transmission

Euro pe —e means 5G is on stage. KT will build
) I Y up nationwide 5G network coverage and
® (S&J%\?V?RCIZIT%\)Nave gttlfil na —e () Q—Ja pa N provide high-quality 5G service...”
Sub-6 and mmWave
: LG U+

NOrth Amerlca SOUth KO rea “5G service begins here [December 1]

Sub-6 and mmWave Sub-6 and mmWave and it will be the Company’s growth

(mmW in 2H19) engine the next 10 years.”
_ SK Telecom

AUS’[I‘a I|a / S EA @ “At midnight [on December 1], the 5G

Sub-6 network switch was turned on and marked
the beginning of the new ICT era.”

See Appendix




. : : : : KDDI
5G WI” be a reallty aCFOSS reglOnS Startlng In 2019 “KDDI will continue our collaboration with

various business partners and prepare for
commercial 5G service launch in 2020."

Europe —e .
@ Sub-6 and mmWave Ch|na —T@ 4 J NTT DoCoMo
(mmW in 2H19) Sub-6 ) d pa N “In September [2019], we will start [5G]
Sub-6 and mmWave precommercial service, and in the
; spring of 2020, the commercial launch
North America South Korea will be scheduled.”
Sub-6 and mmWave Sub-6-and mmWave

(mmW in 2H19) Optus (Singtel)

“...Optus is confident in its ability to deliver
commercial 5G services in January 2019”

Australia/SEA C

Sub-6

Telstra

“...]we] have been investing in our network
to lay the groundwork for 5G. We expect
to be offering 5G services in 2019."

See Appendix
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Oct 2017 Dec 2017

Key m | IeStOneS Nov 2015 Jun 2016 Feb 2017

5G mmWave ANV Small group 5G NR 5G NR standard
- I - design demo 8;Jpqd!§;)on proposes 5G NR ¥ smartphone completed
tO CO I I l I I l e rCI a Ize Y50 5C moderm timeline acceleration J reference design 5G NR mmWave
First 5G NR oG data connection with

5( i N R connection connection Ericsson
O e 3 O O O O @) @) @) @)

1990+ Feb 2016 Oct 2016 Sep 2017 Nov 2017

Foundational research ANV 5G NR sub-6 5G NR mmWave 5G NR 1oDT with

on mmWave, MIMO, sQngp(glggan prototype system prototype ZTE, China Mobile

advanced RF, more %16 LTE modem

Qualcomwn



Aug 2018

Moto Z3 smartphone -
world’s first announced 5G
NR upgradable device and
5G moto mod

Key milestones Jun 2018

5G NR standalone (SA)
mode specification

to commercialize i

testing with Datang

5GNR =
5G Non-Standalone

Feb 2018 ¢) s B Jul 2018 Sep 2018 Oct 2018

5G NR [oDT with ERICSSON Z - | 5GNRRF 5G NR mmWave 5G NR sub-6 OTA

multiple infra vendors 4 ‘| module for OTA call with mobile call with mobile
V2 Huawel mobile devices form factor device form factor device

Network simulations
show significant UX,
capacity gains

NOKIA
SAMSUNG

ZTE



 Meeting the 5G
1etwork challenge
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Advanced wireless
technologies

()

Diverse
spectrum

Sub-6GHz Scalable,
to mmWave flexible platform

Licensed, shared s lllAe

and unlicensed
mmWave

beamforming and
beam steering

FDD, TDD

F oG network diversity

shapcogor Doy Driving tremendous complexity

Band

NSA, SA combinations

Wide area

to small cells Gigabit LTE

Robust
compatibility

Diverse

deployments Private networks Broad ecosystem Multi-connectivity






Link
budget

N

Stringent size
constraints

A

Mobility

Power
consumption

l

Thermal
performance

0

RF

5G smartphone

Design complexity increasing exponentially



Uniquely positioned to
make 5G smartphones
a commercial reality




2015 Feb 2017 Oct 2017 Sep 2018

They said, They said, They said, They said,
‘mmWave “mmWave needs “Mobility mmWave “The device
won't work.” line-of-sight.” IS not possible.” looks too big”
@ @ @ @

We showed them: We showed them: We showed them: We showed them:

mmWave with beam Non-line-of-sight mmWave smartphone reference Mobile form-factor
steering van mobility design and antenna modules test platform

Making the impossible, inevitable




Path loss Blockage Size/power constraints

With analog beamforming With adaptive beam steering, switching With different antenna configurations

Overcoming numerous challenges to mobilize mmWave




oG leadership requires

RF Innovation

End-to-end system capabillity, integration The only company
needed to address 5G complexity

With tunable
front end
for 4G/5G




5G

I 9 |
Qualcomm Queleoms
snapdragon l
X50 5G modem |
Snapdragon™ X50 Qualcomm® Qualcomm®
5G modem family QTMO052 mmWave 5G NR Qualcomm®

antenna modules reference design

Qualcomm QTMO052 is a product of Qualcomm Technologies, Inc. and/or its subsidiaries.
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Nickl Palmer

Chief Network Engineering Officer and
Head of Wireless Networks




Powering next-generation
mobile experiences .,
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Socializin'g

Enriching
lives

By turning the ordinary
Into the extraordinary

Watching

> Soway
\ NN
&
2
e et
e TS
5 e -
= ~
>
/\
) X o 4
C c
<

-----

N '
A S
(A 4
£ 3
» §

Communicating



Kevin Petersen

SVP, Wireless Product Marketing




5G network
architecture

Includes multiple
technologies
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Fotis Karonis

BT/EE Group Executive Advisor for 5G
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Qualcomm 9 Alex Katouzian

SVP and GM, Mobile,
Qualcomm Technologies, Inc.




Justin Denison

SVP of Mobile Product Strategy and Marketing,
Samsung Electronics America
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For more information, visit us at:
www.qualcomm.com & www.qualcomm.com/blog

Nothing in these materials is an offer to sell any of the components or devices referenced herein. References in this presentation to “Qualcomm” may mean Qualcomm Incorporated, Qualcomm Technologies, Inc.,
and/or other subsidiaries or business units within the Qualcomm corporate structure, as applicable. Qualcomm
Incorporated includes Qualcomm’s licensing business, QTL, and the vast majority of its patent portfolio. Qualcomm
Technologies, Inc., a wholly-owned subsidiary of Qualcomm Incorporated, operates, along with its subsidiaries,
substantially all of Qualcomm’s engineering, research and development functions, and substantially all of its product
and services businesses, including its semiconductor business, QCT.

©2018 Qualcomm Technologies, Inc. and/or its affiliated companies. All Rights Reserved.

Qualcomm, Snapdragon, Adreno, Kryo, Hexagon and Qualcomm Spectra are trademarks of Qualcomm
Incorporated, registered in the United States and other countries. Quick Charge is a trademark of
Qualcomm Incorporated. Other Products and brand names may be trademarks or registered
trademarks of their respective owners.



Appendix

North America
AT&T

https://about.att.com/newsroom/2018/5g_evol
ution_market_update.html

Sprint
http://investors.sprint.com/news-and-
events/press-releases/press-release-
details/2018/Sprints-Next-Gen-Network-
Build-Gains-Momentum/default.aspx

T-Mobile
https://www.t-mobile.com/news/best-
financials-ever-q3-2018

Verizon

https://www.verizon.com/about/news/verizon-
and-samsung-release-5g-smartphone-us-
first-half-2019

Europe

Deutsche Telecom

https://www.telekom.com/en/media/media-
information/archive/5g-rollout-in-germany-
523636

==

https://twitter.com/EE/status/1062393714507
743238

Swisscom

https://www.swisscom.ch/en/about/medien/ne
ws/60-towns-with-5G-by-end-of-2019.html

Vodafone

http://the-mobile-
network.com/2018/09/vodafone-hails-5g-
readiness-with-virtual-transformation/

China

China Mobile

http://news.youth.cn/gn/201811/t20181109_1
1780783.htm

China Telecom

http://www.c114.com.cn/news/117/a1065054.
html

China Unicom

http://www.c114.com.cn/local/3884/a1062870
.html

Korea

Korea Telecom

http://news.mk.co.kr/newsRead.php?year=20
18&n0=751452

LG U+

http://news.mk.co.kr/newsRead.php?year=20
18&n0=751446

SK Telecom

https://twitter.com/SKtelecom/status/1068688
071355289602

Australia/Sea/Japan
KDDI

https://www.swisscom.ch/en/about/medien/ne
ws/60-towns-with-5G-by-end-of-2019.html

NTT DoCoMo

https://seekingalpha.com/article/4216778-ntt-
docomos-dcmyy-ceo-kazuhiro-yoshizawa-q2-
2018-results-earnings-call-
transcript?part=single

Optus (Singtel)
https://www.zdnet.com/article/optus-hits-
back-at-telstra-5g-claims/

Telstra
https://www.afr.com/technology/web/telstra-
to-offer-5g-in-2019-as-it-aims-to-cool-optus-
marketing-push-20180204-h0ta7p



