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Have you heard of AI?

https://www.mathworks.com/company/mathworks-stories/vehicle-perception-for-fully-autonomous-self-driving-cars.html

https://www.mathworks.com/company/mathworks-stories/deep-learning-decodes-brain-signals-to-identify-adhd.html

https://www.mathworks.com/company/mathworks-stories/deep-learning-uses-ai-to-translate-fcas-into-working-code.html

https://www.mathworks.com/company/mathworks-stories/vehicle-perception-for-fully-autonomous-self-driving-cars.html
https://www.mathworks.com/company/mathworks-stories/deep-learning-decodes-brain-signals-to-identify-adhd.html
https://www.mathworks.com/company/mathworks-stories/deep-learning-uses-ai-to-translate-fcas-into-working-code.html
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AI in Wireless Today

https://www.nokia.com/networks/ai-and-analytics/

https://www.nokia.com/about-us/news/releases/2023/09/25/nokia-to-drive-ai-powered-technology-innovation-at-new-open-innovation-lab-in-mea/

https://www.qualcomm.com/news/onq/2023/07/wireless-ai-igniting-the-5g-advanced-technology-revolution

https://www.vodafone.com/about-vodafone/what-we-do/innovation/artificial-intelligence

https://www.nokia.com/networks/ai-and-analytics/
https://www.nokia.com/about-us/news/releases/2023/09/25/nokia-to-drive-ai-powered-technology-innovation-at-new-open-innovation-lab-in-mea/
https://www.qualcomm.com/news/onq/2023/07/wireless-ai-igniting-the-5g-advanced-technology-revolution
https://www.vodafone.com/about-vodafone/what-we-do/innovation/artificial-intelligence
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3GPP 5G NR Evolution: Release 18                   towards 6G

Flexible spectrum use 

NR for <5 MHz, enhancements to 
DSS, multicarrier & duplex operation 

Diverse 5G devices Enhanced 5G performance

Evolved network topologies

NTN, mobile IAB, sidelink relays, 
network-controlled repeaters

AI/ML for 5G

Smartphones, XR, RedCap, 
UAVs, V2X

Energy saving, coverage, MIMO, 
positioning, mobility & MBS

Work in progress
IAB

repeater

AI/ML for air interface, data 
collection enhancements
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AI/ML Applied to Wireless

MACHINE LEARNING

Reinforcement 

Learning
[Interaction Data]

Unsupervised 

Learning
[Unlabeled Data]

Supervised Learning
[Labeled Data]

Clustering Classification Regression

DEEP LEARNING

Reinforcement 

Learning
[Interaction Data]

Decision 
Making

Control

• Small cell clustering

• Device-to-device 

user clustering

• Anomaly/intrusion 

detection

• Resource Allocation

• Transmission Power 

Control (cognitive radio)

• Channel Estimation/detection

• Beam Selection

• Modulation recognition/classification

• User location/behaviour

• Spectrum Sensing/detection

• Link Adaptation

• Antenna Design

Application Examples
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Complex systems pose complex challenges

▪ What tools do I use to develop our algorithm?

▪ What should the workflow/methodology be?

▪ How do I obtain good training data?

▪ How do I validate the performance of the network?

▪ Do I have enough compute power or memory?

▪ How do I augment my data if performance is poor?

▪ How long does this take?

▪ How do I deploy my network?

Graphics showing 

where we are in the 

workflow

Let’s go through a real-

life case study!
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Using AI to Improve the Performance in 5G
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Throughput in 5G

Can AI do a better job?

Challenging 

channel 

conditions 

lower the 

throughput
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5G Uplink

user data

“pilot pattern” used for 

channel equalization

TIME

F
R

E
Q

U
E

N
C

Y

Can AI do a better job than these conventional methods?

OVER-THE-AIR 

TRANSMISSION

DISTORTED WAVEFORM

INTERPOLATE USING

PILOT PATTERN TO

EQUALIZE CHANNEL

RECOVER 

BITS
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Uplink PHY in 5G

WAVEFORMS

OFDM GRID

OFDM GRID

BIT/SYMBOL VECTORS

BIT/SYMBOL VECTORS
CRC Attachment

Code Block Segmentation

Channel Encoding

Rate Matching

Scrambling

Symbol Modulation

Layer Mapping

OFDM Modulation

Fading Channel

Timing Estimation

OFDM Demodulation

Channel Estimation

Channel Equalization

Descrambling

Symbol Demodulation

Layer Demapping

CRC Removal

Code Block Desegmentation

Channel Decoding

Rate Recovery

BITS IN

BITS OUT

Replace with 

neural network

M. Honkala, D. Korpi and J. M. J. Huttunen, 

"DeepRx: Fully Convolutional Deep Learning Receiver"
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The Neural Network

DISTORTED WAVEFORM PILOT PATTERN

(4 POSSIBLE CONFIGURATIONS)

RECOVERED 

BITS
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AI Workflows

Read from 

Datastore

Train NN

Generate

data

Train NN

Generate

data

Train NN

”Classical” workflow
Data regeneration takes a lot of

time

On-the-fly data generation 

(all in MATLAB)
Single environment, quick to 

restart

On-the-fly data generation 

with PCT
All time spent in training – data 

generation takes no time

”Offline” MATLAB + 5G Toolbox In-the-loop MATLAB + 5G Toolbox Parallel Computing Toolbox
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A Flexible AI Workflow

Generate

data

Train NN

Construct NN

Test NN



1313

• Use deepNetworkDesigner to 

edit and analyze.

• Use the layerGraph datatype and its addLayers
method to programatically build the network.

Neural Network Architecture

#layers = 137

#learnables = 1.4M

Graphics 

showing 

where we 

are in the 

workflow
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Programmatic Construction of a Neural Network
Graphics 

showing 

where we 

are in the 

workflow
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CRC Attachment

Code Block Segmentation

Channel Encoding

Rate Matching

Scrambling

Symbol Modulation

Layer Mapping

OFDM Modulation

Fading Channel

Timing Estimation

OFDM Demodulation

Channel Estimation

Channel Equalization

Descrambling

Symbol Demodulation

Layer Demapping

CRC Removal

Code Block Desegmentation

Channel Decoding

Rate Recovery

Training Data

LABELS T
(TRANSMITTED BITS)

NETWORK INPUT X
(DISTORTED WAVEFORM)

Graphics 

showing 

where we 

are in the 

workflowX

Y

loss(Y,T)
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Generating Data in the Background

GPU Computing

• gpuArray datatype

• many functions run 

on GPU

• Deep Learning 

workflows

Parallel for-Loops

• for → parfor

Asynchronous 

Parallel Programming

• parfeval starts 

asynchronous work

• Use fetchNext to 

query work

Used automatically for 

training and inference

Used for generating 

data in the background

Graphics 

showing 

where we 

are in the 

workflowParallel Computing Use Cases
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Data Generation
Graphics 

showing 

where we 

are in the 

workflow
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Training Loops

Simple Training Loop

▪ Minimal implementation

▪ Series/DAG/RNN networks

▪ MSE and crossentropy loss

net = trainNetwork(datastore, layers, 
__options)

Custom Training Loop

▪ Full flexibility for training data, architecture, 

optimizer, loss function

[loss, grad, state] = dlfeval( 
__@modelLoss, net, X, T)

[net,vel] = dlupdate(fun, net)

Graphics 

showing 

where we 

are in the 

workflow
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Training the Neural Network
Graphics 

showing 

where we 

are in the 

workflow
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Testing the Neural Network

AI

conventional 

methods

Graphics 

showing 

where we 

are in the 

workflow

Exploration across a 

large parameter set
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Further exploration: Can the neural net work without a pilot pattern?

Yes! The network uses the 

asymmetry to equalize the 

channel and recover the bits.
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Conclusion

▪ Flexible workflow to address the challenges of designing modern AI for 

wireless systems

– Synthetic training data

– Custom training loops

– Validation

– Use of GPUs

– Performance

▪ Template to apply to any problem!

▪ Get started by learning the tools
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Additional Examples to Get Started
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Demo Stations

▪ Intelligent Radio Capture and RF Modelling for Satellite Systems

▪ Making Sense of Artificial Intelligence: Techniques for Interpreting Model 

Decisions

▪ Generative AI and Large Language Models
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Thank you

UNITED KINGDOM
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