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Shaping the digital future

Redefining 
connected processing

Enabling intelligent 
computing everywhere

Powering the 
mobile revolution
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Hybrid AI

Central cloud 

Edge cloud
(on-prem or nearby)

On-device

Ease of development
& deployment

Training

Performance & efficiency

Privacy & security

Immediacy

Reliability

Personalization

Distribute loads across
cloud and devices

To scale, the center of gravity of
AI processing is moving to the edge

Aggregation 

Absolute performance
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On-device
AI

Immersive 
communication

Safer transportation

Increased 
productivity

Flexible work

Accessible 
healthcare

Affordable 
home 

broadband

Efficient energy usage

Improved learning

Enhanced resource 
management

Future use cases

Advancing Wireless
Connectivity

Extreme capacity

Ubiquitous coverage

Adaptive intelligence

Real-time efficiency

Resilient security & privacy

Value is created at the edge
Advanced wireless technologies enable the full economic potential of AI and connected compute

Connected compute unlocks new use cases
for the merging physical, digital, and virtual worlds

Edge 
cloud

Central Cloud
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6G vision from ITU-R — Usage scenarios and capabilities

Coverage

Sensing-related
capabilities

AI-related
capabilities

Sustainability

Interoperability

Positioning
(1-10 cm)

Enhanced Capabilities

New Capabilities
Security resilience

Area traffic capacity

Spectrum efficiency

User experience
data rate

Peak data rate

Latency

1 0.1 – 1 ms

Reliability

1-10-5 1-10-5  – 1-10-7

Mobility

500 500 – 1,000
km/h

Connection density

106 106 – 108

devices/km2
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Immersive
Communications

Integrated
Sensing and

Communication

Massive
Communication

AI and
Communications

Hyper Reliable
and Low-Latency
Communication

Ubiquitous
Connectivity

Use
Cases

Capabilities
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What do we expect 
from the next era of 
wireless connectivity? 

BAC K  TO  T H E  
W I R E L E S S F U N DA M E N TA L S

Technology exploration 
for next-generation 
wireless system design

F O U N D A T I O N A L  E V O L U T I O N
Continued enhancements to 
core wireless system design

O P E R A T I O N A L  O P T I M I Z A T I O N
New tools to maximize 
wireless system efficiency

E M E R G I N G  S E R V I C E S
Scalable, next-generation 
user experiences

Real-time 
efficiency

Massive 
capacity

Immersive 
communication

Adaptive 
intelligence

Ubiquitous 
coverage

Augmented 
perception
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N E W  SYST E M  C A PA B I L I T I E S  
F O R  W I R E L E S S

Artificial 
intelligence

Integrated 
sensing

System 
resiliency

Green network 
& devices

Voice / data 
connectivity

Digital 
twin



AI-enhanced 
wireless communications

AI
strengths

Determining appropriate 
representations for 
hard-to-model problems

Finding near-ideal and 
computationally realizable solutions

Modeling non-linear functions

Wireless

Hard-to-model problems

Computational infeasibility 
of optimal solution

Efficient modem 
parameter optimization

Dealing with non-linearity

challenges

Applying AI to solve difficult wireless challenges
• Deep wireless domain knowledge is required to optimally use AI capabilities



1 Eren Balevi, Akash Doshi, Ajil Jalal, Alexandros Dimakis, Jeffrey G. Andrews, “High Dimensional Channel Estimation Using Deep Generative Networks”, IEEE JSAC, 2021; 2 RP-213599, “New SI: Study on Artificial Intelligence (AI)/Machine Learning (ML)
for NR Air Interface”, 3GPP RAN Plenary, 2021; 3 Chao-Kai Wen, Wan-Ting Shih, Shi Jin, “Deep Learning for Massive MIMO CSI Feedback”, IEEE Wireless Comm Letters, 2018; 

Example: AI/ML can improve
channel modeling 

Using AI/ML to
solve hard-to-model
wireless problems

Channel
understanding

Channel 
generation

RF 
environment

Channel Inference
Inferring channel on other antennas,
beams, frequencies, or locations2

Recover full       based on partial 
observation: 

Channel Generation
Synthetic channel generation, 
e.g., GAN1

Channel Prediction
Fading channel prediction,
RSRP prediction2

Channel Compression
Channel State Feedback2,3

Compress            based on prior 

Channel 
Modeling
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Cross-node AI/ML
C O O R D I N A T E D  B E T W E E N  D E V I C E  A N D  N E T W O R K

Overlay AI/ML
I N D E P E N D E N T L Y  A T  T H E  D E V I C E  O R  N E T W O R K

Network ML 

No collaboration

On-device ML 

ML operates independently at the device and 
network as an optimization of existing functions

Proprietary ML procedures including model 
development and management

Proprietary and standardized data collection 
used as input to training

Device and cloud APIs work 
together for best functionality

ML operates in a coordinated manner between
the device and network

Proprietary and standardized ML procedures 
including model development and management

Further data collection used as input to training 
as well as monitoring

Native AI/ML
A T  A L L  D E V I C E  A N D  N E T W O R K  L A Y E R S

Device and network exchange 
control/input across all layers

ML operates autonomously between the device 
and network across all protocols and layers

Integrated ML procedures across to train 
performance and adapt to different environments

Data fusion for integrated dynamic ML
lifecycle management

Evolving towards an AI-native wireless system
Multiple wireless AI/ML training and inference scenarios



A DA PT I V E  I N T E L L I G E N C E

Multi-vendor wireless AI 
interoperability

Training flexibility
Collaborating with Nokia Bell Labs, we demonstrated the 
flexibility of sequential learning, which can facilitate 
network decoder-first or device encoder-first training.

Robust gain
Cross-node AI-enhanced channel state feedback can 
provide substantial improvements over model-based 
approaches with 3GPP Type I CSI feedback.

Scalable adaptation
Maintaining hyper-local models can offer the greatest 
benefits, but using a common model trained with data from 
various locations can be the most efficient approach.

MWCB 2025

Watch the demo video

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

https://youtu.be/O2MzqerBWLs
https://youtu.be/O2MzqerBWLs
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Synthetized-based ML models  versus 
OTA local and common based models

• OTA results, in a multi-vendor lab 
testbed, OTA trials confirmed between 
35 and 90% DL throughput gain versus 
3GPP Type-1 feedback

• Synthetic models, trained on simulator-
generated cluster delay line (CDL) 
channels covering mixed LoS/NLoS 
indoor and outdoor cases, performed 
within [2–15%] of OTA-trained AI models 
indoors and matched performance 
outdoors

comparison of the downlink throughput between the Type 1, ML-based 
model with common training and synthetized-based ML model CSF, at 
4 different locations.
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I M M E R S I V E  CO M M U N I CAT I O N

Improving experiences with 
distributed spatial compute

MWCB 2025

Watch the demo video

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

Higher quality experience

Distributed spatial compute enables superior and 
uninterrupted XR user experience.

Extended XR coverage

Distributed spatial compute extends the service area, 
allowing the system to serve a larger number of users.

Reduced power consumption

Distributed spatial compute improves devices battery life 
and extends usage time.

Wi-Fi 
over-the-air 

testbed

San Diego, CA

5G
over-the-air 

testbed

San Diego, CA

https://youtu.be/y4nohk8sFOo
https://youtu.be/y4nohk8sFOo
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Rendering with L4S in a loaded network 

Improved rendering experience

Comparison in number of duplicated frames 
without and with L4S  

With L4S, adjusting the application data rate can reduce the number of 
impacted frames thus improving the user quality of experience 

Without L4S, the user experience degrades 
because of consecutive duplicated frames
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Digital twin networks: Virtual representations of physical networks
Monitoring and performance optimization of its real-world counterpart
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Inputs

Camera Map CAD Drawing Sensors RadarPerformance
metrics

RF
measurements

Perception-
aided beam

management

Network
Dimensioning

Channel
generation

for  ML
model tuning

Joint
communication

& sensing for cars

And many 
others…

Autonomous 
robot location / 
speed detection

Presence 
detection

Aerial
drone 
tracking

And many 
others…

Digital Representation
of Physical World

Digital Representation
of Wireless System

Technology Convergence

Computer
Vision

Geographic
Information Systems

Machine
Learning

Sensor
Fusion

Wireless
Performance
Improvement

Service
ExposureDigital Twin Algorithms



AU G M E N T E D  P E RC E P T I O N

Sensing-enhanced 
Communication
Accurate modeling
Wireless sensing enables the identification of material 
properties, allowing the digital twin to mirror the physical 
world with high precision.

Real-time update 
Combining wireless sensing with real-time ray tracing for 
channel modeling ensures that the radio digital twin stays 
up to date with the latest environmental changes.

Energy savings
Scalable, high-fidelity radio digital twin can be used to 
optimize beam searches and selection, leading to a 
significant reduction in device power consumption.

MWCB 2025

Watch the demo video

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

ISAC 
 over-the-air 

testbed

San Diego, CA

https://youtu.be/JgSmdLLGTpQ
https://youtu.be/JgSmdLLGTpQ


Leading wireless 
technology innovation

Qualcomm
Wireless Research Directions & Priorities

F O U N DAT I O N A L  EVO LU T I O N O P E R AT I O N A L  O PT I M I Z AT I O N E M E RG I N G  S E R V I C E S

Massive 
Capacity

Real-time 
Efficiency

Adaptive 
Intelligence

Immersive 
communication

Ubiquitous 
Coverage

Augmented 
perception

5G NTN 
evolution

Immersive experiences with 
distributed spatial computing

AI-native wireless 
system design

Network slicing with 
digital twins and gen AI

Lower-band 
spectrum design

Flexible wireless 
augmented data center

Super-QAM 
in upper midband

Sensing-enhanced 
communications

Wireless AI model 
lifecycle management

Digital twin-assisted 
hybrid beamforming 

New wide-area capacity 
with 6G Giga-MIMO

Wireless AI 
performance verification

AI-enhanced 
wireless efficiency

Wireless sensing for 
aerial drone detection

https://youtu.be/wMvA7FrfDjo
https://youtu.be/5qYs-PI3Pd4
https://youtu.be/vOFpyVtOwbk
https://youtu.be/w9dA6RH9b7Y
https://youtu.be/IAZFXyIhsBc
https://youtu.be/BnrRyae8bFI
https://youtu.be/AvSseednvl4
https://youtu.be/wGV5PA15kFg
https://youtu.be/y4nohk8sFOo
https://youtu.be/2RueO8CBURc
https://youtu.be/XY9LhyweUBY
https://youtu.be/LI3gS-aJ3ds
https://youtu.be/VKy0zHhYaZY
https://youtu.be/aNO6O544vWs
https://youtu.be/JgSmdLLGTpQ
https://youtu.be/5QYCS6OU4RE
https://youtu.be/1ZNcvqzkEcY
https://youtu.be/Kdb61LI0O-U
https://youtu.be/qujMJs2rh2U
https://youtu.be/O2MzqerBWLs
https://youtu.be/iGjPjz7CqbI
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Thank  you
Nothing in these materials is an offer to sell any of the components or devices referenced herein.

© 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 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. 

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

Follow us on:
For more information, visit us at qualcomm.com & qualcomm.com/blog
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