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5G mmWave commercialization and spectrum (Dec 2020)

Commercialization - 8 operators
Spectrum available - 14 countries and regions”
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5G mmWave commercialization and spectrum (Nov 2022)

8 = 28 operators”
14-> 31 countries and regions’



Expanding
breadth,
availability

of 5G mmWave
devices

150+

5G mmWave devices
launched or announced
by 50+ vendors

Source: GSA, Feb. 2022
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Verizon 5G mmW network deployment status

« 82 cities and 60 stadiums/arenas with mmWave UWB and 57 5G Home (FWA) cities
« 14K+ additional small cells in ’21, 30K+ in total by Y/E ‘21

ISaskatchewan!

Where do you need coverage?

Legend A

® 5G Ultra Wideband
Available in parts of these cities

5G Nationwide
Includes 4G LTE coverage
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International

No Coverage

5GEdgecities forbusiness (1)

Latest news and articles:
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5G Nationwide and 5G Ultra Wideband coverage services apply to postpaid and prepaid.

For additional coverage details on 4G and 3G, click here * Verizon in a millimeter wave groove, CTO Malady says | FierceWireless
» Testing Verizon's 5G at the Jersey Shore | PCMag
* \erizon launches private 5G for enterprise, public sector | FierceWireless



https://www.fiercewireless.com/operators/verizon-a-mmwave-groove-cto-malady-says
https://www.fiercewireless.com/operators/verizon-a-mmwave-groove-cto-malady-says
https://www.pcmag.com/news/testing-verizons-5g-at-the-jersey-shore-super-fast-but-thats-only-half
https://www.fiercewireless.com/5g/verizon-launches-private-5g-for-enterprise-public-sector

Verizon mmWave Traffic

mmWave Usage is Growing Fast

mmWave Usage Growth mmWave Usage in Deployed Footprint

Avg. daily usage (TB) Percentage usage on mmWave
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mmWave is Vital to 5G Plan to Support and Scale Usage in Dense Areas




Verizon 5G UWBD X X 7 L

1hin

=151

«1 5GV == 7:06 9 ul 5G =

Verizon 5G SuperStadium X = Verizon 5G SuperStadium X

0 & - & 13.&5 23

RACTLDO—FDTFTICHRESNT-5GE JRDRE—/ILEIL

5G Ultra WidebandD 1 —H(IX{RETE S X ) —LEHAZ

Field Goal & | Pass /b Turnover
BUF - 1ST 07:49 NYJ - 1ST 08:50 = SEA - 4TH 12:12 ¥) | LA« 4TH 13:4¢

At Super Bowl LV, 5G Will Change the Game | PCMag



https://www.pcmag.com/news/at-the-super-bowl-5g-gives-you-7-ways-to-view-the-action
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(*) Rakuten’s Sub-6 models were not listed here due to limited space
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https://5g-tools.com/5g-nr-throughput-calculator/

5G mmWave + mid-band = Best possible QoE wherever you are

Median download throughput (Mbps)

I Uncongested M Congested 1932.5

I

Mid-band mmWave

* RootMetrics study shows 5G mmWave can
deliver more uniform user experiences even
in congested network

 5G mmWave delivers on the promise of
providing extreme capacity and blazing-fast
speeds under heavy network loads

Outdoor hot
zones

Stadiums Train Stations Indoor malls

Source: https://www.rootmetrics.com/en-US/content/mmwave-cutting-through-congestion
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Extending 5G Modem-RF leadership

1st Gen

I Snapdragon
X50 5G modem-RF

3GPP Release 15

Sub-6 and mmWave

NSA, TDD

Multi-SIM

Qualcomm® 5G PowerSave
Qualcomm® Smart Transmit
Qualcomm® Signal Boost
10nm process

First wave of devices
| —

2" Gen

S

3GPP Release 15

Sub6 and mmWave

NSA and SA

TDD and FDD

Qualcomm 5G PowerSave
Qualcomm Smart Transmit
Qualcomm Signal Boost
Global multi-SIM

Qualcomm® Wideband
Envelope Tracking

Dynamic Spectrum Sharing
Integrated 5G to 2G

5G/4G carrier aggregation
7nm process

Snapdragon
X55 5G modem-RF

34 Gen

I Snapdragon
X60 5G modem-RF

3GPP Release 15

Sub6, mmWave

NSA, SA, TDD, FDD

Sub-6 CA across TDD/FDD

3rd-gen mmWave
antenna module (QTM535)

Voice-over-NR

Qualcomm 5G PowerSave
Qualcomm Smart Transmit
Qualcomm Signal Boost
Global 5G multi-SIM

Qualcomm Wideband
Envelope Tracking

Dynamic Spectrum Sharing
Integrated 5G to 2G
5nm process

Raise performance bar

4th Gen

_' Snapdragon

X65 5G modem-RF

10 Gigabit 5G
3GPP Release 16

Sub6, mmWave and
mmWave-sub6 aggregation

4th-gen Qualcomm® 545
mmWave antenna module

Qualcomm® 5G PowerSave 2.0
Qualcomm® Smart Transmit™ 2.0

Qualcomm® Al-based
Signal Boost

Global 5G multi-SIM

Qualcomm® Wideband
Envelope Tracking

Dynamic Spectrum Sharing
4nm process

NSA, SA, TDD, FDD
FDD-TDD in 5G uplink CA

10 Gigabit 5G era

5th Gen

I Snapdragon
X70 5G modem-RF

Qualcomm® 5G Al Suite

10 Gigabit 5G

3.5 Gbps Uplink

5G mmWave standalone

4x Downlink Carrier Aggregation
Uplink Carrier Aggregation

Global 5G multi-SIM
with Dual SIM Dual Active

Qualcomm® 5G Ultra-Low
Latency Suite

Qualcomm® 5G PowerSave Gen 3

Switched uplink support
(TDD and FDD)

FDD-TDD in 5G uplink CA

Sub6, mmWave and
mmWave-sub6 aggregation

Qualcomm® Wideband
Envelope Tracking

3GPP Release 16

5G Al modem era

Qualcomm Smart Transmit, Qualcomm Signal Boost, Qualcomm Wideband Envelope Tracking, Qualcomm QTM535, Qualcomm 545 mmWave Antenna Module, and Qualcomm Al-Enhanced Signal Boost are products of Qualcomm Technologies, Inc. and/or its
subsidiaries




Qualcomme 545
mmWave Antenna Module

Qualcomm Technologies’ 4""-generation mmWave module for mobile s I Sncpdragon s | Snopdrogon
X65 5G modem-RF X62 5G modem-RF

Extended range Added support for .
compared to previous gen 41 GHz band (n259) bl

Global mmWave band support
26 GHz, 28 GHz, 39 GHz, 41 GHz

(North America, Korea, Japan, Europe, Australia, SEA)
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Sampling now p032
i | 41 mm
FSM100xx g w 3
10nm ~ E‘ :
e EEE =i
5G Modem '
Processor 28 GHz mmWave
RF Module

~ Quolcomm 56 NR Small Cell

5G NR Small Cell Reference Design
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Qualcomn
Follow us on: in Y (> K]

For more information, visit us at:

qualcomm.com & qualcomm.com/blog

Nothing in these materials is an offer to sell any of the components
or devices referenced herein.

©2018-2022 Qualcomm Technologies, Inc. and/or its affiliated
companies. All Rights Reserved.

Qualcomm is a trademark or registered trademark of Qualcomm
Incorporated. Other products and brand names may be trademarks
or registered trademarks of their respective owners.

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 our licensing business, QTL, and the vast majority of our patent portfolio.
Qualcomm Technologies, Inc., a subsidiary of Qualcomm Incorporated, operates,
along with its subsidiaries, substantially all of our engineering, research and
development functions, and substantially all of our products and services businesses,
including our QCT semiconductor business.



