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Snapdragon and Qualcomm branded products are products of Qualcomm Technologies, Inc. and/or its subsidiaries.






We are
connecting the
world for a more
sustainable future

Pushing technology boundaries in
connectivity, compute, artificial
intelligence (Al), and more




Best-in-class technology scalable
to enable virtually every device

’7 On-device intelligence — High performance, low power — Wireless everything a‘
5 o= == )
Edge Al Processing Graphics Camera Multimedia Connectivity and RF

Intelligent computing everywhere
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OUR COMMITMENT TO

Environmental, Social,
Governance

/
CZD)

Empowering digital
transformation

Equitable access
Breakthrough inventions

Future-focused R&D

Purposeful
Innovation

&

Acting
responsibly
Workforce
Business integrity

Ethical governance

I

Operating
sustainably
Sustainability goals
Resource management

Operational resilience



Our continued focus on sustainability

100% 10% 50% 25% Net-zero

renewable purchased reduction in power reduction in reduction in Scope The SBTi? has

electricity for our San consumption, every Scope 1 and 2 3 emissions by verified Qualcomm’s

Diego headquarters year in our flagship greenhouse gas 2030 net-zero science-
Snapdragon® emissions by 2030 based target by 2040
products by 2025

1. Given equivalent features 2. Science Based Targets initiative
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=" Economic

r A

L O J Fueling growth by increasing
productivity and efficiency, derived
through new values, business models,

What are the and markets
three pillars of
sustainability? @@ Social

@ Elevating quality of life and promoting
digital equity and inclusion, improving
N; affordability and availability

Environmental

* Reducing carbon emissions and enabling
sustainable use of energy, water, land,
and other natural resources




Leveraging technology to enable emissions

reductions that far exceed the industry’s output

Estimated greenhouse gases (GHG) emissions, 2030

Reductions

ICT industry

ICT’s aggregate enablement potential

100Gt  » 15% reduction

/ ._ With continued innovations in 5G, loT, and Al, ICT companies
i have the potential to mitigate additional emissions through 2030

The information and
communications technology (ICT)
industry helps other industries
reduce their emissions by

improving efficiency
reducing energy use

offering digital solutions to
customers in various sectors

The ICT industry can gain up to
$2 trillion in top-line growth by

providing sustainability solutions
to its customers

lowering its own energy costs

improving its reputation
and competitive positioning

increasing customer loyalty and retention



265 275+ 1B+

operators with 5G additional operators 5G connections
commercially deployed investing in 5G

5G smartphones to ship 5G devices launched

between 2020-2026 or in development

continues to
expand globally

Sources: 5G commercial networks, operators investing in 5G, 5G devices launched: GSA, Aug 2023 amd Oc 2023; 5G connection projections - average of Ericsson (Feb 2023) and GSMA Intelligence (Feb 2023);
5G cumulative smartphone shipments - average of CCS Insight (Sept 2022), IDC (Dec 2022), and Strategy Analytics (Oct 2022).
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Key 5G technologies enabling a more
sustainable society

Fixed Wireless
Access (FWA)

O
& .
.’,.% Satellite
=
@ loT

20

And more...

More accessible networks,
devices, and services

Wireless connectivity
in remote areas

Smart connectivity for diverse
devices and services

More flexible and
energy-efficient networks



Democratized
information access
(e.g., education)

Expanded access to
financial services
(e.g., online banking)

More flexible work More accessible
(e.g., work from healthcare
home) (e.g., telehealth)

5G Fixed Wireless Access (FWA) can deliver
flexible, cost-effective, wireless broadband access



5G FWA has become a cost-effective alternative for fixed broadband
Over 100 service providers around the globe offering 5G FWA

Global 5G FWA
connections are
expected to triple
by the end of 2028
representing 30%
of global mobile
data traffic

Source: GSA , Ericsson Mobility Report

North America

USA
Canada

Latin America

Brazil

Colombia

Guyana

Peru

Trinidad and Tobago

Europe

Austria  Ireland
Bulgaria Italy
Croatia  Latvia
Czechia Norway
Denmark Poland
Estonia  Spain
Finland  Slovenia
France = Sweden
Germany Switzerland
Hungary UK

Africa

Botswana
Kenya
South Africa
Tanzania

Bahrain Qatar

Kuwait Arabia
Oman UAE

CIS

Uzbekistan

Asia pacific
Australia
Bhutan

Hong Kong
Indonesia
Japan
Maldives
New Zealand
Islands
Philippines
Thailand



5G loT delivers multiple levels of environmental sustainability benefits
Intelligently connected systems facilitating monitoring, control, optimization and automation

Smart cities Smart agriculture Environmental monitoring Efficient manufacturing
Smart energy grid Reduced pesticide use Wildfire detection Less production waste
Optimized water system Optimized crop yield Quicker emergency response Streamlined logistics

Efficient transportation Improved soil health Resilient communication Opportunity to recycle



Reducing water consumption and
carbon footprint with loT solutions

Qualcomm, AT&T, Jacobs & Gwinnett
County collaboration

The 500-house water monitoring pilot system used a
combination of wireless connectivity, smart meters and digital
solutions to create performance metrics and alerts that helped
the identification of water quality risks and leaks.

Source: AT&T 10x Case Study
https://www.qualcomm.com/content/dam/qcomm-martech/dm-assets/documents/gwinnett_10x_case_study_final_june_2021.pdf

Estimated annual benefits of advanced
metering infrastructure for a community
of 1 million houses

0 Almost 500 million gallons of water saved

[L

GHG emissions avoided equivalent to
over 55,000 gallons of gasoline

<+ Improved water safety

(T Lower customer water bills



The time to
act Is now

'''''''
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We’re leveraging 5G technology to

Close the digital divide proliferating FWA
Increase economic output expanding loT
Reduce emissions footprint developing wireless innovations

||||||||||

Wireless is an essential enabler for a more sustainable future,
delivering more accessible connectivity and services

We continue to invest in purposeful innovation and deliver on
our sustainability goals
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Adding more devices

S\ Q) S\
5G is connecting virtually everyone and

everything around us

==

) <) Introducing new device types 7 A

= ) 5G is connecting new devices beyond
S Al smartphones, e.g., XR, laptops, loT, and more

7N Growing use cases ]
g

5G is expanding to new industries, e.g.,

N

industrial, automotive, and more \ 7/
001010 _ _ More energy consumed
o Increasing data consumption
001010 111110 Mobile network data traffic grew 36% between

Q12022 and Q1 2023"

Further improving power efficiency in wireless networks is
essential as device connectivity and data usage increase

1 Ericsson Mobility Report 18



Radio access network (RAN)
consumes the most power in
the cellular network

5G network modernization with Open RAN
architecture can bring power savings today

Energy consumption constitutes between
20 - 40% of network OPEX

Energy efficiency is a priority for mobile operators

1. GSMA, 2019
Source: Mavenir Whitepaper

Mobile operator energy consumption
(% total)

Other
operations, 5%

Data centers,
9%

Core
netWOOI"k, Radio
13% networks,
73%

: The Radio Unit (RU) is |
i responsible for 40% of

i power consumption in i
i a base station

https://networkbuilders.intel.com/docs/networkbuilders/a-holistic-study-of-power-consumption-and-energy-savings-strategies-for-open-vran-systems-1676628842. pdf



Opportunities to reduce energy consumption in a wireless system

Optimize energy Implement device-

. .
efficiency in the \ , energy efficiency in only techniques that
core network and the RAN, specially focuses on deylce ﬂ
data center in the base station energy savings
=) |
X

(E=amm)

Optimize network

Immediate focus

Explore end-to-end energy saving opportunities including foundational
air-interface technologies that take into consideration traffic load in the
network and device support/feedback

Reducing environment impact and operational cost
with a greener end-to-end communication system
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Leading the 5G Advanced evolution toward 6G

Rel-17

Rel-16 })

Rel-15 J

WRC-19

2018 2019 2020

5G

A unified platform
for innovations

2021 2022

Foundational Vision Service Study item Work item
: : . loDTs
research forming requirements (proposals) trials

3GPP 6G

workshop )
Next technology leap for new
capabilities and efficiencies

Rel-20 )
‘_) Eﬁﬁ\cljve:gged Continued 5G evolution
‘ ave o in the 6G era
) innovations
)
WRC-23 WRC-27 WRC-31
2023 2024 2025 2026 2027 2028 2029 2030+

21



Setting the ground for energy efficiency with on-device power savings

3GPP Release 16
Introduced innovative on-device

power savings techniques

€D

(§)

Wakeup signal (WUS)

A low-power control channel to indicate activity or lack
thereof in the corresponding DRX ' period

Low-power carrier aggregation control

Efficient activation and deactivation of secondary cell is
controlled by the primary cell (i.e., secondary cell
dormancy)

Other power saving techniques

Enhanced cross-slot scheduling, adaptive MIMO layer
reduction, low power mode groups, device-assisted
power saving, and relaxed radio resource
management for low mobility

1.Discontinued reception 2. Physical Downlink Control Channel

3GPP Release 17
Further enhanced on-device

power savings

PDCCH skipping

DCl-based capability that enable a device to reduce the amount
of time it spends in monitoring PDCCH 2

= Search Space Set Group (SSSG) Switching

— m Enables a device to dynamically switch between a set of SSSGs
that is already configured on the active DL BWP of the serving cell

Paging optimizations

(ﬁ’))(?(? Techniques to reduce unnecessary device paging
reception in idle mode

_.A

ADVANCED

22



3GPP Release 18 sets off the 5G Advanced Evolution

Strengthen the end-to-end Proliferate 5G to virtually
5G system foundation all devices and use cases

= Ré D @ - (@ a3 P [T
<— () DI <>) @7@% -

A Advanced Enhanced Mobile IAB, Boundless RedCap Expanded
/. DL/UL MIMO mobility smart repeater extended reality evolution sidelink
& ADVANCED
= ) ®
i (€8] 4 A % R
L
Evolved Al/ML air Network Expanded Drones & expanded Multicast & other
duplexing interface energy savings positioning satellites comm. enhancements

23



5G Advanced

Driving towards greener 5G networks

va (5
el

Defining a standardized
base station energy
consumption model

Including relative energy
consumption, sleep states and

()

Defining a network
energy savings
evaluation
methodology and
relevant KPls

the associated transition times,

and reference parameters

s
I

Studying and developing
techniques on the base
station and device side
to improve network
energy savings

Y
@

System-level studies with
various scenarios

Urban micro in sub-6 GHz
mmWave

Urban/rural macro in sub-6 GHz
Dual connected macro

Other scenarios, e.g.,
small cell deployment

Release 18 scope for network energy savings focus on
sustainability and opex reduction

24



5G Advanced introduces new techniques to improve
network energy savings

ADVANCED

©O

Extending power
efficiency innovations
to the network

Release 18

Time domain
technique

Adaptation of DTX/DRX

Define cell DTX/DRX active and
non-active cycle and turn off channels
or signals in non-active time

2%-30% energy saving gain'

I m Frequency
LL u° domain technique

(o,

Inter-band carrier aggregation with
SSB-less carriers

Define requirements on carrier co-location,
receive time difference, and band combo

>5% energy saving gain’

1 Analysis is based on the network power model and evaluation methodology defined in TR38.864 for FR1

Power domain
technique

PDSCH transmission power adaptation

Enhanced CSF to enable UE to send
multi-CSl in one CSI report

Up to 11.5% energy saving gain' with
throughput reduction of 1.2%

Upper layer
techniques

Mobility and Paging Enhancement

Optimizations for handovers involving
network energy saving capable cells and
beam management optimizations during
paging for FR2

(¢ @Tﬂ ) Spatial domain
I technique

Adaptation of antenna elements

Enhanced CSF to enable UE to send
multi-CSl in one CSI report

Up to 12% energy saving gain' with
throughput reduction <2%

Release 19

ﬂ Control Overhead
optimization
On-Demand SSB

Mechanisms enabling an idle mode UE to
request SSBs when needed



Release 18 introduces low-power wake-up signal (WUS)
and receiver (WUR) for 5G NR

»  wm E

Identify evaluation Evaluate low-power Evaluate wake-up Define L1 procedures Evaluate UE power

methodology for wake-up receiver signal designs to support and higher layer protocol saving gains compared
low-power WUS/WUR architectures wake-up receivers changes to support the to the existing power
for lower complexity wake-up signals saving mechanisms
loT devices such and their coverage

as industrial availability,

sensors, controllers, latency impact

and wearables

Studying power saving schemes that do not require existing signals to be used
as WUS for power-sensitive, small form-factor devices

26



Release 18 further reduce NR RedCap device capabillities

Further device complexity reduction Device complexity reduction Power saving
techniques compared to Rel-17 Redcap techniques efficiency enhancements
devices

Keep Max RF BW at 20MHz like Rel-17 RedCap Enhanced eDRX in inactive mode
Define just one Rel-18 RedCap device type

Coexistence of Rel-17 and Rel-18 RedCap and
non-RedCap devices in a cell. Reduce peak rate to 10Mbps

Consider network, device and specification impacts Early indication of new device type

Reduce baseband operation complexity

Further expanding the market for RedCap use cases with relatively low cost, low
energy consumption, and low data rate requirements

Source: RP-232671

27



5G Advanced
Further scaling
down 5G loT
support

Enabling a more
energy efficient
solution for low
complexity loT devices

Device type

Supporting ultra-low
complexity devices
with ultra-low power
consumption

Energy storage

Device powered by energy
harvesting, either battery-less
or with limited energy storage

(e.g., using a capacitor)

Ambient loT

3GPP Rel-19
SA1 study & work items

3GPP Rel-18
RAN study item

Maintenance level

Targeting to be
maintenance-free and to
have long field lifespan
(e.g., more than 10 years)

Deployment scenarios

Flexible communication mode
(e.g., direct or indirect),
location (e.g., indoor or
outdoor), and use cases

(e.g., sensors, positioning, ...)

28



Intermediate
Node

o
Q)
| 2! ogistic tracking

Assisting ~ [y Ambient loT devices are
Node : ! attached to items, such as
- pallet containers and
individual product, to track
and manage inventory

art agriculture

Low-complexity IoT devices to
monitor the environment and
control the facilities such as

irrigation and temperature kit S
control systems
- Device to
Device

Smart energy grids

Remote monitoring substations and
transmission lines via sensors along
with an anomaly classification to help
with predictive maintenance

Environmental monitoring

Forest fire monitoring system
using Ambient loT devices with
zero or low maintenance that
are programmed to monitor
forest fire and raise alarms

Ambient loT enables diverse use cases that require devices
with zero or low maintenance capabillities

Flexible architecture supporting direct and/or indirect connectivity requirements



Power Consumption vs. Device Density

—Power Consumption
—1# of Devices

5G RedCap eMTC/NB-loT Ambient loT



Provide information on
systematic energy
consumption or level of
energy efficiency to verticals

Define and support energy efficiency criteria as part of
communication service between user and application services

Allow users to select proper
energy efficiency criteria and
other network performance
parameters when needed

Enabling energy efficiency as a service in Release 19

End-to-end approach to adjust network resources based on different energy

modes of applications



We’'re pion

a greener

Targeting unparalleled
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@ TECHNOLOGY EVOLUTION

Key market trends and technology drivers

leading the way to 6G

Core technology Social, economic, and Enhanced and
advancements environmental sustainability new experiences



@ CHNOLOGY EVOLUTION @

Key sustainabillity pillars leading the way to 6G

ﬂ < More accessible networks, devices, services to
— promote digital equality
Social,
economic, and
environmental 2 _ . ,
sustainability @ X Wireless conneptmty everywhere to fuel sustained
A global economic growth
LA
\{ ;
% < Wireless system design to consciously minimize

| environmental impact



Along with other industry leaders

We are actively driving global green initiatives with

next-gen wireless

NEXTG

ALLIANCE

United States
NextG Alliance

Global Momentum for 6G is growing

We are leading key discussions and working groups to
promote early government investments in critical technologies

ETS! K ) ®~ 5GF
o @
European Union China A
- IMT-2030 PG
EU-funded R&D o

South Korea
Bharat6o 6G National Strategy

Alliance

India
Bharat 6G Alliance

nnnnnnnnnnnnnnn

The standards body responsible for

IMT-2030 defines next-generation mobile
global 6G technology standardization

system requirements for 2030 and beyond

35



Evolving towards a more dynamic energy-efficient wireless system

On-device energy savings Network energy savings Native E2E energy savings

INDEPENDENTLY AT THE DEVICE COORDINATED BETWEEN DEVICE AND NETWORK

N

=

= 0
@ Device and network \% ﬁ

working together

_ = 0 -

7

Device and network exchange %
control/input across all layers

On-device power savings by optimizing Shifting focus to network-side savings and Device and network energy optimization across all

existing functions continuing to optimize device power consumption protocols and layers

Rel-16 introduced techniques such as wakeup Rel-18 further enhanced device energy efficiency Continuing to improve and balance end-to-end

signal (WUS) and enhanced carrier aggregation for XR and RedCap; Rel-19 may further enhance system performance/energy efficiency tradeoffs
- . . - low-complexity loT with WUS/WUR (e.g., MIMO, mobility, power amplifier efficiency,

Rel-17 optimized paging operations in idle mode and

L ' distributed topology, and others), as well as
reduced PDCCH monitoring time in connected mode Rel-1$/19 f(_)cuses_on new network energy saving deployment complexity and performance
techniques in the time/freq/power/spatial domains

36



1024 QAM o—) 16K QAM

Super Quadrature

Amplitude Modulation

( QA M ) 5 g Gbit/sec
Enabling a 1 1 - )
significant increase R T

In speed and lower

energy usage Iterative Noise Floor Canceller

Reducing the noise in the receiver in ﬂ’ L, &
an iterative fashion to incrementally f *

improve the signal quality




Qua ICOM MWC B 2023 ! Baseline | ‘«- 95 i Super QAM - Downli:k throug.hput over 400m li-\k

128-QAM 16K-QAM
EVM =.228dB

EVM = .428dB
Iteration: &

Greener
and more

Baseline - Power amplifier supply voltage level

75 wotts 100 watts 150 watts

. Super QAM - Power amplifier supply voltage level
S u Sta I I l a b I e 75 watts 100 watts 150 watts
Tx output power
n etWO rkS ; - . - il
—

Improving system
efficiency with super-QAM

2 SVEALS
Using our OTA testbed, we prototyped : Aug!‘“
a noise-canceling method that works
iteratively to achieve a high degree of
modulation (e.g., 16k-QAM for sub-7 GHz)

Our super-QAM demo enables the network
to operate its PA at the optimal operating
point, balancing power savings and
increased speeds in real-world conditions

Qualcomm nual cost savings
3.02 Billion

Baseline Super QAM Energy usage over time
‘ 1,668,176 , 7,000,000

\ Power savings —_—
P 64% = : ’7 73,900,181,250 '
Q¢ tts

Q_L of milez on electnc

5 R o6 ot 4 T 2o
: b +40% \:/ o et ; $0.17 / Kwh
Mibon o e Cost per Kilowott hour
- == om B o= =




A smarter wireless
platform to

support enhanced
services and
new use cases

6G will continue

to support existing
services in previous
generations

—» Evolutionary dimension

Revolutionary dimension

Immersive platform
and services @,

(e.g., holographic
telepresence)

Real-time <

control

(e.g., collaborative
industrial robots

Next-generation

broadband

(e.g., broadband in cars) #' {

Mission-critical
services

|

Enhanced
mobile
broadband

v
(U
Spatial
perception
(e.g., digital twins)

Massive
loT

Societal

@ sustainability

(e.g., global coverage
and connectivity)

Pervasive

access

(e.g., asset management
with ambient loT devices)
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5G Advanced

The path toward a
more sustainable future

Advanced wireless
innovations are the
catalysts for a more
connected, efficient,
and sustainable world

5G Advanced’s system
optimizations set the
stage for a greener
next-generation
wireless design

We are driving
foundational system
research that targets
unprecedented levels
of efficiency and
performance



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.

©2018-2023 Qualcomm Technologies, Inc. and/or its affiliated
companies. All Rights Reserved.

Qualcomm and Snapdragon are trademarks or registered
trademarks of Qualcomm Incorporated. Other products and brand
names may be trademarksor 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.

Snapdragon and Qualcomm branded products are products of Qualcomm
Technologies, Inc. and/or its subsidiaries. Qualcomm patented technologies are
licensed by Qualcomm Incorporated.
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