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6G Key Technologies and How Al impact Them
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Al will speed up design cycles for complex circuits by
improving data handling, simulations, and digital
compliance

Al will improve network performances by learning from
historical data and adapting to changing conditions

Digital twins provide a sandbox for experimentation
and a source of synthetic data used for Al/ML algorithm
training

Al boosts JCAS systems by using deep learning to
filter noise, detect patterns, and extract useful
information

Al and ML solutions are can effectively discern patterns
within dynamic, multi-dimensional data, providing
superior performance

Al can implement advanced encryption techniques and
privacy-preserving algorithms to protect user data
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Toward a 6G Al-Native Air Interface

Three main steps

Receiver
5G

The classical architecture Channel Symbol

Estimation Equalization Demapping Decoding
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5G-Advanced

ML replaces/enhances
individual processing blocks

ML replaces multiple
processing blocks

6G

ML designs part of the air
interface itself (PHY/MAC)
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Testing 6G with Al — Why Is It Different?

Al-based systems need to be validated the ‘right’ way to analyze functionality, performance, security...

Example of training and test description in a simple explainable world for an Al engine:

I'm a car and | need to be able to avoid a pedestrian and cyclists «» I'm a car and | need to avoid obstacles

» The definition of the test and certification needs to be done differently in many cases
* You can easily test what you trained for, but is this enough?
* You cannot predict what is not trained behavior, but do you know what was not trained?

In other words, do you know what you don’t know?
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Wireless Testing With Al — Why is it different?

Hardware-in-the-Loop and Black Box testing

« Enable real-time interaction between physical hardware and simulated

environments.

+ Allowing engineers to evaluate Al algorithms under various conditions

without costly field trials.

* Ensures Al-driven components are robust and adaptable, leading to
more reliable and efficient wireless communication systems.

* Focuses on assessing the system based on its inputs and outputs,
without considering the internal workings of the components.

» Evaluating how effectively the system performs essential tasks such
as signal processing, resource allocation, and adaptation to changing

network conditions.

eeeaeas

» Ensuring that the system can handle real-world tasks efficiently and
reliably, providing a clear picture of its operational capabilities.
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6G Al-Based Models Validation Solution

ML replaces/ enhances individual processing blocks

Receiver
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ML replaces/enhances
individual processing blocks

ML replaces multiple
processing blocks

ML designs part of the air
interface itself (PHY/MAC)
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6G Al-Based Models Validation Solution

KEYSIGHT

Al2 ‘ Al1 MMSE

Pilots —

B. Input = Received pilots
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C. Baseline = MMSE channel estimation

Communications-related variables to Al/ML terms
A. Ground truth = CIR of simulated channel
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6G Al-Based Models
Validation Solution N

il "l‘ Il‘" “' !‘Hl i lm)‘
| et

Arbitrary Waveform Generator ' - —

Vector Signal Generator

Digitzers (|
[ —— ‘

Measurement software N &, ﬁ m——
::: ______________ 4 '. Q’j\ - S

Sub-THz frequency extenders (VDI)

KEYSIGHT The integration of Al and 6G - Mattia Lecci <mattia.lecci@keysight.com>


https://www.keysight.com/us/en/product/M8199A/arbitrary-waveform-generator-128-256-gsas.html
https://www.keysight.com/us/en/product/M8199A/arbitrary-waveform-generator-128-256-gsas.html
https://www.keysight.com/gb/en/product/E8267D/psg-vector-signal-generator-100-khz-44-ghz.html
https://www.keysight.com/gb/en/product/E8267D/psg-vector-signal-generator-100-khz-44-ghz.html
https://www.keysight.com/gb/en/product/M8131A/16-32-gsa-s-digitizer.html
https://www.keysight.com/gb/en/product/M8131A/16-32-gsa-s-digitizer.html
https://www.keysight.com/gb/en/product/M8131A/16-32-gsa-s-digitizer.html
https://www.keysight.com/gb/en/product/M8131A/16-32-gsa-s-digitizer.html
https://www.keysight.com/gb/en/product/M8131A/16-32-gsa-s-digitizer.html
https://www.keysight.com/gb/en/product/M8131A/16-32-gsa-s-digitizer.html
https://www.keysight.com/us/en/product/89601C/custom-modulation-package.html
https://www.keysight.com/us/en/product/89601C/custom-modulation-package.html
https://www.keysight.com/us/en/product/89601C/custom-modulation-package.html
https://www.keysight.com/gb/en/products/software/pathwave-test-software/89600-vsa-software.html
https://www.keysight.com/gb/en/products/software/pathwave-test-software/89600-vsa-software.html
https://www.keysight.com/gb/en/products/software/pathwave-design-software/pathwave-system-design-software.html
https://www.keysight.com/gb/en/products/software/pathwave-design-software/pathwave-system-design-software.html

Agenda

When and How Al Meets 6G?
Wireless Testing with Al — Why is it Different?

6G Al-Based Models Validation Solution

Conclusion

KEYSIGHT The integration of Al and 6G - Mattia Lecci <mattia.lecci@keysight.com>

13



6G Al Neural Receiver Design

ML replaces multiple processing blocks

Receiver

Channel Symbol

The classical architecture N Equalization .
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ML replaces/enhances
individual processing blocks

ML replaces multiple
processing blocks

ML designs part of the air
interface itself (PHY/MAC)
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6G Al Neural Receiver Design
Setup

N
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Site-specific channel
Al Neural Receiver

Received 1Q
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Channel Emulation with imported O-DU Emulator

(Keysight S5040A)

RF Generator simulates UEs

. site-specific channel models
(Keysight M9484C VXG) (Keysight PROPSIM)
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6G Al Neural Receiver Design
NVIDIA Neural Receiver
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O-RAN Testbed for Site-Specific Neural Receivers

Start Live Measurement

Replay Pre-recorded Data

Reset
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6G Al Neural Receiver
Design
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The Integration of Al and 6G

Conclusion

6G will build on previous generations while irlroodu i
groundbreaking capabilities, integrating advanced
end-to-end optimization and automated operations.

interfaces, networked sensing, extreme connectivity
innovative network topologies, and robust security tools,. s
promising ultra-low latency, high reliability, and massj
connectivity.

It will feature new spectrum technologies, Al;q::;ewa‘l

Al-enabled 6G devices will require advanced testing
methods like Hardware-in-the-Loop and Black Bo»
testing to ensure robust performance under
unpredictable real-world scenarios.
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(6G-SANDBOX) TRIAL NETWORK

Fully configurable, manageable and controllable network which combines digital and
physical nodes and provides services for 6G technology validation and 6G KPI
measurements

« the experimenter can manage the lifecycle of the experiment and the trial network
« the open calls target both experimenters and component contributors
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||
Common

experimentation
provisioning

Common Features
Multitenancy | Digital Twinning | Intelligence | Security

Local resource managers | Experimentation and monitoring Tools

L Telecom infrastructure
facilities

- NTN Trials RIS Trials

New open calls!
» Large scale NTN experimentation with ESA
» RIS trials in multiple frequency ranges (FR1, FR2, FR3) and environments (e.g., dense urban scenario)
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