Challenges

Limited coverage and too costly

Limited to just a few hundred feet, thus
requiring many small cells.

Works only line-of-sight (LOS)

Blockage from hand, body, walls, foliage,
rain severely limits signal propagation.

Only viable for fixed use

Only commercially proven for wireless
backhauls and satellites.

Immature RFIC technology

Power hungry due to wider bandwidth with
thermal challenges in small formfactor.
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Solutions

Significant coverage with co-siting

Analog beamforming w/ narrow beam to overcome
path loss. Achieving significant coverage when
reusing existing sites.

Operating in LOS and Non-LOS

Pioneered advanced beamforming, beam
tracking leveraging path diversity and reflections.

Supporting robust mobility

Robustness with adaptive beam steering and switching
to overcome blockage from hand, head, body, foliage.

Commercialized smartphone

Launched modem, RF, and antenna products to meet
formfactor, thermal constraints and regulatory compliance.



Bringing massive capacity & new experiences to stadiums
Example: NFL stadium with 100,000 seat capacity

Significant coverage

All seating areas can be covered! with
just 15 antenna sectors

More uniform user experience

Median downlink throughput? at all levels: >700 Mbps
10th percentile (cell edge) throughput: >100 Mbps

* Antenna locations are representative
and not all antennas are shown
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1 Coverage simulation based on maximum allowable path loss analysis with ray tracer propagation model, measured material and propagation loss; minimum 0.4/0.1 bps/Hz for downlink/uplink data and control; 2 Using 400 MHz DL bandwidth 2



Boosting enterprise
productivity with
5@ private networks

Complement Wi-Fi with mmWave

“Instant cloud applications,
instant cloud sterage access

pr—

; Multi-Gigabit speeds with

’5 virtually unlimited capacity
/@; / Seamless inside-out mobility
2

Extremie capaeity for Connect to &ojectors/screehs

use areas—conference room with'immersive content inSide'OUt mmWaVe iSOIation

Private 5G NR indoor network

M.' Reuse licensed spectrum with
£ with cellular grade security

g ¥ Commercially available ACPCs and
I smartphones, and soon 5G XR glasses

Complemented with..mm l- Beyond laptops:
outdoor connectivity Augmented and virtual reality (XR) ACPC: Always-connected personal computer



Expanding
breadth,
availability

of 5G mmWave
devices

150+

5G mmWave devices
launched or announced
by 50+ vendors

Source: GSA, Feb. 2022

5G smartphones

Hotspots
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V2 Vehicle-to-vehicle e.g., collision avoidance safety systems. C-V2X messages on a sidelink V2I Vehicle-to-infrastructure e.g., Red light violation warning. Roadside Units (RSUs) broadcast
messages on a sidelink channel to enhance safety at intersections

channel provide a Non-Line of Sight (NLOS) sensor for vehicles
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Connects vehicles to everything around them
Enhancing the safety of an intelligent transportation system
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Vehicle-to-network e.g., real-time traffic/routing, cloud services.V2N messages enable value- V2P Vehicle-to-pedestrian e.g., safety alerts to/from Vulnerable Road Users (VRUSs) like
V2N add use cases for drivers, vehicle OEMs and road operators bicyclists/pedestrians. Vehicles/VRUs broadcast messages on a sidelink channel allowing other

actors to take appropriate action
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Multi-Access edge computing Mobile operators
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I Cellular network communications
Il C-V2X sidelink

C-V2X sidelink complements 5G networks

Managing intersections combining C-V2X with 5G

(TMC-based traffic monitoring and advisory) d? IJ‘ (Al-based vision systems for enhanced safety)

ét??é C-V2X sidelink @\ Cellular networks R'%;'Z Edge Al

(collision avoidance and safety alerts)

1 TMC is Traffic Monitoring Center 2 GLOSA is Green Light Optimized Speed Advisory
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Protecting VRUsu,
r

2019 National Highway Traffic Safety Association stats
for pedestrian and cyclists

6,205 pedestrians were killed i
* ~one person every 85 minutes, up

e 17% of all traffic fatalities

i

846 pedal cyclist fatalities, accounting
for 2.3% of all traffic fatalities

~49,000 pedal cyclists were injured,
a 5.4% increase over 2018



https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/813197
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C V2X IS a crltlcal component oonur vision
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~ Vehicle-to-Pedestrian

(V2P) .

-- e.g. safety alerts to %ﬂ r*
~ pedestrians, bicyclists '

Vehicle-to-Vehicle A

(V2v)

~e.g. collision avoidance
~ safety systems

. . Qualcomm® 9150 C- napdragon |  INtegration of C-V2X into the
Enhanced range and reliability VX chipset e | Qualcomm® Snapdragon™
for direct communication without commercialized Automotive 4G (SA415M) and 5G
starting 2018 (SA515M) Platforms starting 2019

network assistance

Qualcomm Automotive Solutions are products of Qualcomm Technologies, Inc. and/or its subsidiaries.
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Snapdragon
X70 5G modem-RF '
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Improved
speeds

Enhanced
coverage

Improved
stability



A new era of

connected,
intelligent
devices




A unifying

‘connecﬁvhyf;

Like electricity, you will just
expect it everywhere
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Qualcomm

Thank you

Followuson: f ¥ in
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.

©2018-2019 Qualcomm Technologies, Inc. and/or its
affiliated companies. All Rights Reserved.

Qualcomm is a trademark of Qualcomm Incorporated,
registered in the United States and other countries. Other
products and brand names may be trademarks or registered
trademarks of their respective owners.
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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
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