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6G: Next generation of wireless systems

2G

Time period 1990s
NA: D-AMPS
EMEA: GSM, Edge,
Technology i

Maximum 9.6-437 kbits/s

data rates

3G

2000-2008

NA: CDMA-2000
EMEA: UMTS,
HSPA+

1.92-84 Mbps

4G

2008-2018

LTE,
LTE-Advanced

300 Mbps — 1 Gbps

5G

2018-Now

5G,
5G-Advanced

20 Gbps
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6G R&D: Setting goals and requirements

= Global collaboration is ongoing
« Goals?

= More inclusive, immersive, and
sustainable wireless connectivity
— Superior performance to 5G
— Flexibility and expanded use cases
— Scale
— Bridge the digital divide
= Requirements?
— Max. data rate ~ 100 Gbps ?
— Min. latency ~ 0.1 msec ?
— Max. positioning accuracy ~ 1 mm ?




6G projected timeline and evolution
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Release 15 Release 16 Release 17 Release 18
ITU IMT-2030
_._._._.—‘ requirements

3GPP 6G
standardization

June 2018 July 2020 June 2022 ~June 2024 ~ 2026

ITU — International Telecommunications Union
IMT-2030 International Mobile Telecommunications
3GPP Third Generation Partnership Project

~ 2028-2030




MATLAB E

New applications enabled by 6G systems

= Virtual and Augmented Reality (VR/AR)
- Artificial intelligence (Al)

= Connected Cars, Industries and
Automation

= Ubiquitous wireless coverage
= Joint communications and sensing,
« Low-power wireless communications.
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6G Enabling Technologies

Reconfigurable Intelligent
Surfaces (RIS)

THz / sub-THz Communication New Waveforms for 6G

Non-Terrestrial Networks (NTN) Artificial Intelligence (Al)




Non-Terrestrial Networks (NTN)

WHAT IS NTN

O Satellites & commercial
drones acting as base
stations in the sky

0 Complement and partially
replace parts of existing
terrestrial cellular networks

Coverage and service anywhere
anytime

]

Bridge the digital divide by
providing ubiquitous connectivity

Realize critical applications in
natural disasters

MATI

A



NTN- How MATLAB can help

/Satellite and Multi-domain Scenario Modeling and\
Visualization

MATI

/Link Analysis between Satellites, Constellations\
and Ground Stations

Scenarios and
constellation
visualization

Multi-domain scenarios
(aircraft-to-satellite

\ communication)

Access analysis
between constellations

and ground stations/

-

Requirements

%sign antenna elements Design antenna arrays

Design Antennas to Realize Beamwidth

\

Beamforming /

Latency and doppler

\ analysis

Multi-hop communication
links

Interference

analysis /

ITU-R P.618
Propagation Model

B L L E e T HF AN

3GPP NTN Fading
Channels

KStandard-based Propagation and Channel Models\

EEF e

ITU-R P.681-11 LMS/
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Reconfigurable Intelligent Surfaces (RIS)

WHAT IS RIS

eliminate propagation blockage
N
Enhance spectral efficiency and
power consumption

d Provide active control over Provide controllable nodes for
the wireless channel localization services
)
\_ J E

O Surfaces of tunable
reflecting elements that
passively influence phases
of signals

Provide reliable coverage and J




RIS- How MATLAB can Help

/ Model Reflecting Surfaces with the Antenna \
Toolbox

Infinite Aray layout
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/ Model Scattering MIMO Channels \

Model propagation including time delay, gain, Doppler shift, phase change,

Full EM solver to design
\ materials and surfaces

Analyze surfaces with
large numbers of reflectors /

and atmospheric loss

Accurately model reflections

using image or SBR
k methods

/ Use Raytracing to Model Reflections \

reflected rays by changing

||:"b ' | ﬂ‘ ?il[’)
i | Rl
L ' A

Manipulate phase of

the material /




Artificial Intelligence (Al)

MOTIVATIONS FOR Al IN
WIRELESS

L Success of Al in other
application areas (image
processing, NLP)

0 Hardware and computation
power advancements

p
» Improve performance using data-
driven vs model-based approaches

.

7

Reduce algorithm complexity

Facilitate joint optimization of
network and device operations

= |
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Al for 6G — How MATLAB can Help

/ Ready-to-use Al Workflows for Wireless \
' -
CSI Feedback with e e Neural Networks for E2E Comms Systems
\Autoencoders o BEern SEles o Digital Predistortion with Autoencoders
/Interoperate and Exchange Models with python\ /Capture Over the Air Signals to Train Al Models\

and other Frameworks

TensorFlow < Caffe2 O PyTorch
Keras importer ‘\ @ — @Xnet
MATLAB ONNX

Caffe importer

Caffe @/.; 1 | \ W Test and Measurement Software-Defined Radios
\ «® Chainer g / k Devices /
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THz/Sub THz

MOTIVATIONS FOR THz IN 6G

O Unprecedented increase in

data traffic requirements [ Support extremely high bandwidths ]

up to hundreds of Gbps

O Scarcity in existing sub 6
GHz Spectrum

=)
=)

[ Enable ultra-precise localization ]

gk
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THz/Sub THz - How MATLAB can Help

/Model Massive MIMO and Hybrid Beamforming to\
Counter High THz Attenuation

/ Accurate Models for Environmental Losses at \
High Frequencies using Raytracing

*8 .0

Model terrain and atmospheric

Model losses due to reflection,

\ losses due to gas, rain, fog refraction and diffraction /

Ready RENV-512685 kHz  Samie rabo=1 05 OHz | 1-0,0002

Analyze ADC with Impairments:
quantization, saturation, nonlinearity, jitter

éxplore Data Converter Architectures for Extremely High
Data Rates

Design and evaluate ADC

architectures /




New Waveforms for 6G

MOTIVATION FOR NEW
WAVEFORMS

0 Newly introduced
frequency bands need new
waveforms

U Resilient waveforms
needed to compensate HW
limitations

-
=)
=)

\.

Improve spectrum and power
efficiency

7

\.

Improve coverage and support
high throughput

7

\.

Enable new use cases: positioning,
sensing, PHY security

)

A
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Waveform Design for 6G - How MATLAB can Help

Customize and Build on Existing 5G Waveforms to
Explore New Waveforms for 6G

4\ Wireless Waveform Generator

GENERATOR TRANSMITTER

| E e = s s & (3] Impairments I) Yy

Open Save Downlink Uplink NR Test Dounlink  Upiink FRC |~ || E Visualize ~ Eamets | B

Session = Session - Models FRC B Default Layout -
FILE WAVEFORM TYPE GENERATION EXPORT
Main | SSBurst | PDSCH | PDCCH | CSIRS
56 Downlink Filtering Configurati SCSCa
- ownlin ~ Filtering Configuration - T
Subcarrier |Grid Grid ID | Subcarrier |Cyclic |[BWP BWP Label
Labet: [Carriert Filtering: [ None - Spacing  |Size (RB) |Start (RB) Spacing  |Prefix  |Size (RB) |Start (RB)

Frequency range: [FR1(41... ¥

Channel bandwidth (MH... |50 v
Gell identity: | 1

Subframes: | 10
Windowing source: |Custom ¥
‘Windowing (%)

Sample rate source: v

>
o0&
3

|
H

15 kHz 270

3 1

15 kHz

Normal 270 3|BWP1

Resource Grid (BWP#1)

Carrier RB

BWP 1 in Carrier (SCS = 15 kHz)

PDCCH
®  PDSCH

CORESET
m  SSBurst

CSI-RS

Spectrum Analyzer || Channel View

5G Waveform Generator App

MATLAB B

Explore SC-FDMA vs. OFDM

SC-FDMA Transmitter

Serial Bits to
) Parallel
User bitstream Symbol
Mapping

:

M-point
DFT

Subcarrier
Mapping

| OFDMBlocks |

|Unique to SC—FDMA|

N-point ; ;
\DFT —>| Add cyclic prefix l—E—rTransmmeroutput

OFDM Modulator

Functions and blocks to design and test OFDM and SC-FDMA

Systems




Agenda

= Accelerate your 6G exploration and design
with MATLAB®

Linear interpolation

using the pilot symbols

Al
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Channel estimation
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Al for Digital Pre-Distortion with training and deployment

2023

16-QAM OFDM
Modulation Modulation

v

¥
L 4

PA

Oversampling

NN
DPD

Target

Deploy

16-QAM OFDM Overeamalin NN
Modulation Modulation ersampling DPD

PA

v
Y
A
v

Workflow

= Collect data from a real PA using test instrument hardware or
characterize the PA and use the model for simulation

= Train a neural network using real PA data or simulation data
= Test the network with real data using the hardware

= Once satisfied, prune and quantize the network

= Target an FPGA and deploy the algorithm with HDL

21
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Presence detection using Wireless sensing

R2023a

Use Wi-Fi channel state information to
detect the presence of people in a room

w

-y
[=]

Frame Index

20

Capture Wi-Fi beacon CSI with SDR and

]
o

WLAN Toolbox with and without movement 0
to create a data set or use downloaded 3P Relatve Subcarier Index
data Set 0 rFrr1rr 171171 1 11 17 1 11T T 1T 17T 17717 17T T T T 17T T1TTT rrr 11111 1 17 17 17 1T 1T 17T 17T 17T 17 17T T 17T 17T 17 17T T1TTT

= Train a neural network to classify presence

C Sl Amplitude (dBm)

Absolute Subcarrier Index

22
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Electromagnetic Analysis of Intelligent Reflecting Surface

2023
Model the response of an IRS using full-

wave electromagnetic simulation.
g —

: : - y=$*W +no
= Create and Visualize the Infinite IRS IRS / -

= Assign Direction and Polarization

= Visualize Reflection Characteristics h

PEC
I feed
e BS
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MATLAB for faster 6G design exploration and research

Algorithms in open
editable, customizable
MATLAB functions

% Encode the DL-SCH transport blocks
codedTrBlock = encodeDLSCH (pdsch.Modulation,pdsch.NLayers, ...
pdschIndicesInfo.G, hargProcesses (hargProcIdx) .RV, hargProcIdx-1) ;

% PDSCH modulation and precoding
pdschSymbols = nrPDSCH (codedTrBlock, pdsch.Modulation, pdsch.NLayers,gnb
pdschSymbols = pdschSymbols*wtx;

Continuous and easy
prototyping and testing with
hardware connectivity

L]

CELLULAR AND
CONNECTIVITY
STANDARDS

UNIFIED DIGITAL,
RF, AND ANTENNA

Model, analyze, and optimize
component and system behavior.

Baseband Antennas
PHY & Arrays

Channels & Propagation

Waveform generation and analysis,
end-to-end simulation, golden reference.

DEPLOYMENT AND TESTING

Connect to hardware and automate workflows.

Algotnhm AMoonim Production Testing
Testing Deployment RE )
with SDRs || to FPGA and SoC wi nstruments

Jointly optimize Digital,
RF and Antenna of 6G
systems

Algorithms Waveforms RF Transceivers Antennas &

ixr — Wocpemry Beamforming
-
7f

= jl

T =
iy \
Test Signals —{ i\ m roag

—
£y =
-

Measurements
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How to Learn More

Wireless communications solution page

4\ Wireless Waveform Generator - Spectrum Analyzer

GENERATOR TRANSMITTER

a

Instrument  Pluta uske usrP 7pmq Find Stop o
Ll E Eaze Hardware Transmission MATLAB seript
TRANSMITTER TYPE TRANSIMISSION
Transmitter

Spectrum Analyzer

¥ USRP Radio

Wireless Communications product pages -

X series

30FDEE

¥ Signal Conditioning & Transmission

Waveform sampie rate (Hr): 30726407

Transmitter sample rate (HZ): 3 0728407

[Stopped! REVW=30 kHz | Sample rate=30 72 MHZ | T=0.014743

i ey 345407 : B.016es09
X RIS © © Resource Grid (BWP#1)

Center frequency (Hz): [2.45e+03 BWP 1 in Carrier (SCS=15kHz)

Gain range (¢B): 0: 0.25: 8375

PDCCH
W PoscH
Gain (eB): & CORESET|
Channel mapping: 1 v o SSBurst
o
Local oscilator offset (Hz): 0 E
PP source: [emnal v S
— Clock surce: tetnal v
- s L 4 Spectrum Analyzer
Transport catatype: (16 v
file Tools View Playback Help
Waveforms per step: 1
2 - M8 "
6 - Q- ||| (Ll i N e

Transmitting MR Test Madels wavefrm with USRP B/N/X

.{“",!‘! !"l&hM

J { M‘fl

REW=52083 kHz Sample rate=5333 Mz  T=0
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Thank you
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