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Emerging Trends in Integrated Sensing and Communications
RF Convergence

Separate Analog Shared Analog, Shared Analog and Shared Analog and
and Digital Separate Digital Digital. Separate Digital. Shared
and Waveforms Waveforms Waveforms

Primary Secondary Co-Design Multi-Function Passive Radar
Radar has exclusive rights to Radar opportunistic Both systems follow a Parameters modified for Signals of opportunity
the spectrum spectrum access common protocol signal embedding

Waveform Design for a
Dual-Function MIMO
RadCom System

Spectrum Sensing with Deep
Learning for Radar and
Wireless Communications

Joint Radar-Communication
Using PMCW and OFDM
Waveforms

Evaluating Interference from
5G New Radio (NR) Signals
at an Airport Surveillance...

Spectrum Sharing using
Spectrum Sensing and
Waveform Notching

Design a set of waveforms for a Train a deep learning neural network
using deep learning to identify radar
and wireless communication signals

in the air.

Model an air traffic control radar
which operates in the vicinity of a 5G
base station.

Implementation and analyze Model a joint radar-communication
(JRC) system using the Phase

Array System Toolbox

dual-function multiple-input-multiple-

techniques for reducing mutual
tecrINques for reducing muta output (MIMO) radar-communication

Interference between non-

(RadCom) system

cooperative radar and

Open Live Script

Open Live Script

Multifunction & Cognitive Examples Coexistence Examples 3



https://www.mathworks.com/help/phased/radar-and-wireless-coexistence.html
https://www.mathworks.com/help/radar/multifunction-and-cognitive-radar.html

Mega Trends to Provide Ubiquitous Connectivity

Bluetooth

advanced

& Wi-Fi

4 6G
Personal Local Wide

Area Network Area Network Area Network
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Satellite
communications

DVB-S*

Non-Terrestrial
Network
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Wireless Communication Workflow Challenges

Waveform Generation End-to-End Simulations
HW & Radio Connectivity

FRCS, NR-TMs, custom /100 DL, CRC-24, L=8 \

RF Signal
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Wireless Waveform Generator App

= Off-the-shelf waveforms : NR-TMs / FRCs
= Custom downlink & uplink waveforms )

NR-FR1-TM1.2

1”456 4 clearall P4 SF > =1 () @

™ I . "
= Export waveform or generate code ¢ O H e oo e
New  Open  Save | Downlink  Uplink | NRTest ™ || B Visualize T Genenate | Export
Session Session™ Session > Madels [ Defautt Layout =
FILE WAV GENERATION EXPORT
| | im Analyzer
¥ NI Model
Frequency range: |FR1 (:
Test model: NR-FF
(MHz): |40
(kHz): 15
ede: | TDD
1

4\ Wireless Waveform Generator - Spectrum Analyzer

GEMERATOR TRAMSMITTER o

3 d | .
MR (5G] £ oo :
Mew Open Save N
Session  Session ™ Session ™ — - Moustiuse ® s cbove g ponee ®

FILE 5a 5a 56 5a 5a

: -4 | Downlink Uplink Downlink  Uplink FRC Test
M 55 Burst F
| Main X FRC Madels [..

¥ &G Downlink



Wireless Waveform Generator App

MATLAB EXPO

GENERATOR TRANSMITTER (=7
EBJ .ﬁ @ @ 1= Impairments D @
New i Onen - Downlink Uplink NR Test Downlink  Uplink FRC |~ Openin |£] Visualize v S
Session  Session v Session - by Models FRC BRI FR Default Layout -
FILE WAVEFORM TYPE GEMNERATION EXPORT -
Waveform Spectrum Analyzer n CCDF Measurement

~ NR Test Medel
Frequency range
Test model

Subcarrier spacing (kHz),

Channel bandwidth (MHZ):

Duplex mode
Subframes

Cell identity
Windowing source
Windowing (%)

Sample rate source

~ Filtering Configuration

[FR1 (410 MHz - 7.125 GHz)

)

[NR-FR1-TM1.1 (Full band, u

(15

(40

. (oo

: [20
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Develop radar systems with MATLAB and Simulink

- Radar Systems

é . N f N
Environment :
Data Processing

Scenes Qi
e — ’ G -l

Scenarios

v,

N ‘ Development Platform ’a ~ Q
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Three Abstraction Levels for Support of Full Radar Life Cycle

Less

More
Power-level Measurement-level Waveform-level
Link Budget Detections Raw 1Q
‘.;ﬂ‘: :I :. :-M ga.ln.,.cl.mu J B B B —Egzx. ::' —::Jamdﬂrigin —E
-z S R T RS R T o} e e
::_. 3”7 l
e = Eosf E
= |
=i WEEE : '
E:::“mmw‘:w & \;/ 30 20 10 0 10 20 30
e = == b ¥ (m) 6 4 2 Y?m) 2 4
Applications: Concept Dev/Design, Applications: Systems Analysis, Applications: Algorithm Development,
Systems Analysis Scenario Analysis, Tracker Design End-to-End Performance Assessment
Less Computational Resources More

* See Design and Simulate an FMCW Long-Range Radar (LRR) Example here 10


https://www.mathworks.com/help/radar/ug/generating-and-processing-radar-iq-data-using-radartransceiver.html

Author and simulate radar scenarios

Model Platforms

Model
Environment

Model
Trajectories

Model
Sensors

&\ MathWorks

Simulate
Scenarios

and Targets

Object Dimensions
bounding box

¥

Center ;
X

u % > Platform frame
Offset
z

RCS signature
Az, el pattern
frequencies dependency

Land Surface Clutter
DTED, Custom
Land Reflectivity Models

Sea Surface Clutter
Spectral Model
Sea reflectivity models

Reflectivity Models
Built-in models

Custom models
Reflectivity maps

Atmospheric Refraction
Effective Earth radius
Refractivity gradient

Use kinematic
properties
acceleration, angular
velocity

Use waypoints
position, orientation, time
of arrival,

ground speed, climb rate

fixed NED or ENU frame
(X,y,Z) Or;
geo-referenced (lat, lon,
alt)

Measurement Level
Scenario Analysis,
Tracker Design

Waveform Level
Algorithm Development,
End-to-End Performance
Assessment

Generate radar data
I/Q signals, detections,
tracks

vvvvvvv

Monte Carlo

perturb ground truth and
sensor to increase testing
robustness

11



‘ MathWorks:

Tracking Algorithm Development Workflow

—
Recorded
Sensor Data — objectDetection objectTrack
@ N
- ~ Trackers
Scenario Definition and Sensor Simulation

Visualization
GNN, JPDA, MHT, &

Trajectory INS Sensor :
Generation ‘ Simulation ‘ PHD, etc.. Metrics

Actors/ Radar, IR, &
Platforms Sonar Sensor Vision ° 0

detectu‘ Radar
-/ detection

K

A rich library of tracking algorithms

Simulation

Fused track at e

time step k e, =
X (km)
Filters Data Association Trackers
- Alpha Beta filter « 2D assignment = GNN
«  Kalman filters . S-D assignment =  MHT (track-oriented)
— Linear, EKF, UKF, CKF, MSCEKF i phast assignmemt - Trackers components
= Particle filter — History and score logic
= Multiple models - 6.

— GSF, IMM 12
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Complex scenes include multiple radars and targets

Multiplatform Radar Scenario

Multiplatform Radar Network Grid-based Tracking using Multiple Radars

13
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End-To-End MIMO Transceiver Simulation Including Antenna Arrays

P simrfV2_TXRX_OFDM * - Simulink

SIMULATION

L 3 Open ~ UE =] 7 e ) Constellation Diagram
gl [C[5] ! =t
H Sa'-‘e v C:nnal L opits Cin Can pPLOT MEASUREMENTS
New Library Signal Logic Simulatio
v 9 Print ~ Browser Table nspector Analyzer Manage
simrfV2_TXRX_OFDM
© |[%asimrfV2_TXRX_OFDM »
®Q
£ Average EIRP  Average TX
EIRP [dBm)]
- AntennaRX
= o\ 4 = ‘ , :
Yy »
K
i g ﬁ
rreeEess
o g NANARN] = EREDE =
Average Input I I ' ' I ‘ —E Avel Output
Baseband Signal Power [dBm] 2 Py [dBm]
Generation — l l ' | ' l o
L w,
Ot st , [~ 4@— .'5‘ Out RF SL In
| .
Thermal Noise l l o Baseband
7 Receiver
= RF Receiver
L)
[-£] byright 2021 The MathWorks, Inc.
» |e 7 5
Ready % FixedStepDiscrete
Tx_Baseband Tx_RF Front-end Tx_Antenna Channel Rx_Antenna Rx_RF Front-end Rx_Baseband

Signal Flow Domain RF Circuit Envelope Simulation EM Simulation

Array

EM Simulation

»d
Ll |

RF Circuit Envelope Simulation Signal Flow Domain [ks}
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Antenna to Bits - Unified Design Platform

Nanalog digital [» Y analog digital [
Antenna, Antenna arrays - <Jl|] - O b Algorithms
type of element, # elements, coupling, edge effects Mixed-Signal FaRoc e beamforming, beamsteering, MIMO

Continuous & discrete time

N / % Establish the number of component carriers.
/\/\ numCC = length (NDLRB) ;

Create transmissio)
enb = cell(l,numCC);
\ / |:/for i = 1:numCC
‘ enb{i) = 1teRMCDL('R.5')/
enh{i) NDIRR = NDLRR(i): [

PCB Components
frequency dependency, noise, mismatches

Channel _ RF Impairments
interference, clutter, noise frequency dependency, non-linearity, noise, mismatches 16

Waveforms
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3D Modeling of Antenna and RF models

Fie G Vi et Tooh Duskiop Window Help
Dods (@0 (3]
interdigitaiCap Y(2,1) EM vs. behavioral

1!
[—e— bl
ot

Optimization and
analysis

Magnitude (JB)

o
Am

25 3 as
Frequancy (GHz)

NN
AN
AT\

Antenna &

Import STL file to create a
custom 3D antenna

Design 3-D custom antenna
geometry and PCB Components o eiine | [t i

| Antenna radiator 1 7
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Traditional v/s Model-Based Design for FPGA/ASIC Im

-

-

MATLAB

fftlen = numel(xd);

Xd = fft(xd);

figure

Ld = L/BWFactor;

Fsd = Fs/BWFactor;

F = Fc + Fsd/fftlen*(@:fftlen-1)-Fsd/2;
stem(F,abs(fftshift(Xd))/Ld)

Algorithm Development

~

J

-

-

Hand write hardware structure

~

-

-

MATLAB

fftlen = numel(xd);

Xd = fft(xd);

figure

Ld = L/BWFactor;

Fsd = Fs/BWFactor;

F = Fc + Fsd/fftlen*(@:fftlen-1)-Fsd/2;
stem(F,abs(fftshift(Xd))/Ld)

Golden Reference Algorithm

~

)

4 4

nlementation

-

|

J

|
1 3

flntegraggn & Test )

\_ Verify and Debug -

(U

( _I
D
%)
. . Do
Design System Architecture ) S 3 k-
<55
Streaming plaidiuare Fixed Point ~a
Algorithm ClIIE L Quantization <
Implementation )
1
< _ =
Simulink DSP/Wireless Fixed- Point ) % )
Imuiin HDL Toolbox Designer / Sl =3
T 0
L 2 \ 4 -—

Target FPGA hardware

HDL

Simulink Coder

4\ MathWorks

19
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Top-Down Workflow : Convert Frame to Sample Based Processing

Waveform
(synthesized 5G | LTE | WLAN Toolbox

or captured) reference algorithm

|

Verify results

Ll

MATLAB

Simulink

» Pulse Detectorfmag_sq_out

° Ad apt al g O rlth m S Pulse Detector/detected

« Use control signals

20
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Top-Down Workflow: Floating Point to Fixed Point Conversion

Waveform 5G | LTE | WLAN Toolbox : .‘
(synthesized reference algorithm —— @ Verify results
or captured) '

MATLAB

Simulink Convert

Standard-compliant Reference
HDL-optimized blocks applications

21



Top-Down Workflow: Floating Point to Fixed Point Conversion

Waveform
(synthesized

or captured)
MATLAB

Simulink

sfix16_En14 td:.i

numiz)

sfixdd _En37 (c)

5G | LTE | WLAN Toolbox
reference algorithm

+ Sample processing, timing

+ Hardware architecture

+ Fixed-point quantization

Convert

4\ MathWorks

Verify results

Compute Power

Use full-precision for
DSP block mapping

Reduce multiplier input / \

word size to 18-bit

T T e A A, e S B, e 0 e e b e

filter_out

/ sfix18_En15 __' x [Pixd6 Fn3d |
Ra &
sfix18 En15 [Cl _Jr sfix37_En30 convert sfix18 _En11 mag_sq_out
» convert fix36_En30 "
\_ [sfx18_En15 P« [sfix36 En s
Im . 2 s L]
At b - s B L a e Sl B i e b S b Bl o B i Wt ey B B, DR . 1 e s o . e o W o S . ot o MR e . . S

Reduce mag-squared output
word size before next stage

T btk B el e Moty bl et ety ey et

22



Top-Down Workflow: Generate HDL Codes

Waveform

(synthesized
or captured)

MATLAB

Simulink

HDL Coder

Target-independent, readable,
traceable code

Resource Utilization and Critical Path
Estimation Reports

Generate Test bench

Optimize for area-speed constraint
Hardware support package for direct
targeting of popular prototype boards

5G | LTE | WLAN | RADAR
Toolbox reference algorithm

+ Sample processing, timing

+ Hardware architecture

+ Fixed-point quantization

HDL
Coder

]

4\ MathWorks

Verify results

Convert

23
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Generate C and HDL code for deployment on SoC platforms

Embedded
Coder

Xilinx Zynq RFSoC
- ZCu1lll
- ZCU208
- ZCU216

R =

FPGA / SoC Board
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6G Key Enabling Technologies

- =g &
\ - o
==
A HATLAR MATLAB PARALLEL SERVER %
Q A oatsox
) 4
Waveform exploration Scale: managing large and

long running simulations

7 .

-
mmWave: propagation mmWave: RF
loss and channel models impairment modelling

Al/ML for
wireless RIS

A

Non-terrestrial Joint communications
Networks (NTN) and sensing (JCAS)

6G Exploration Library

MATLAB BXIPPO

26


https://www.mathworks.com/help/releases/R2024a/5g/6g-exploration-library.html

MATLAB EXPO

Waveform Exploration — Extended 5G Waveform

- Explore the properties and capabilities of extended 5G-waveforms:
— Large bandwidths beyond 275 RBs
— SCS beyond 960 kHz

6G Exploration Library

SCS 15 30 60 120 240 480 960 1920 3840 7680
Max No limit

NRB

ilul Spectrum Analyzer _ o x

ANALYZER ESTIMATION MEASUREMENTS SPECTRUM SPECTRAL MASK  CHANMNEL MEASUREMENTS

rm (SCS = 3840 kHz, 290 RBs)

E = ML ARSI b S RN R A AR AT SR NG S R H

Get Started with 6G

290 RBs SCS = 3840 KHz Exploration Library

Learn how to use the extended
functionality that 6G Exploration
Library adds to 5G Toolbox.

BW = 13.36 GHz Fs =15.73 GHz

since R2024a

Processing VBW = 257.805 kHz RBW = 15.3600 MHz Sample Rate = 15.7286 GHz Frames =1 T = 0.00000442285

27
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OTFS: A New Waveform Candidate for 6G

= OTFS can be seen as an OFDM code with pre-coding (ISFFT)
— Equivalence only when Heisenberg Transform identical to OFDM modulation

Delay-Doppler Domain (OTFS)

7
{ Time-Frequency Domain (OFDM)
Doppler I gz - - T N ' Doppler
I I Time Domain I :
: e < |
§ : X.[m.n] ‘ :X‘{k . Heisenberg x‘!(t\ (1\3 Wigner YKl | Y .Im.nl | §-
= 4’*}’“ | ISFFT H : TEaO":[ffh;m ' Chamnel 4> ng"’fm“ | ST T | —> 23
! : _Modulator) | | /I Demodulator) ZX: ) ) ,
l\ R e T o e N L e \_ _____________________ B / /
RO T T N g Data Grid
(M xN) \ : (MxN)
Time Time
g g
MxN M x N
v' Heisenberg Transform is a generalized OFDM with a
ISEFT = | S T — : pulse shaping filter. When pulse shaping filter is
=N EIENMI LR TR ST SO M1 A0 rectangular, Heisenberg Transform is identical to OFDM.
28




OTFS: Equalization in the Presence of High Doppler

= High Doppler with LOS and 2 additional paths

Path 1 4.50 -1297 -280
Path 2 7.21 2162 467

MEASUREMENTS

CJFETM with Single-Tap FDE' O F D M h aS S'[I' 0 n g , OTFS with Time-Domain L MMSE Equalization
' residual ICI

OTFS compensates
for Doppler

MATLAB EXPO

29
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Reconfigurable Intelligent Surfaces (RIS)

0 = diag(B,e’%, ..., fye’ M)

Single antenna receiver  EouaiedpDSGHe, AEI®G AT

D RIS disabled

y = (hOG)ws +n

A MAANANNY
A MDA A NN
A VA NAANNY

elements

{+]

Model Reconfigurable
Intelligent Surfaces with CDL
Channels

GNXM

Simulate an RIS channel using two

RIS enabled concatenated COL channel models.

((( ’)) M transmit antennas
Wy 1 Pprecoding vector

S

Since R2024a

m 4 CDL 2 RIS —>—> D

Rx/Tx CDL array and a phase shift models the RIS 30
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MIMO Architectures at Higher frequencies

= Frequency extension and improved spectrum utilization
— FR2, FRS3, sub-Terahertz (FR4, FRS)...

— Carrier aggregation

= Further enhanced (massive) MIMO architectures
— Massive MIMO, intelligent reflective surfaces

= Integration of various wireless technologies
— Use of cellular and satellite networks NTN

FR3

Sub-Terahertz

»

1GHz 3GHz 10GHz 30GHz 100GHz 300GHz

»

&\ MathWorks

Frequency

32



MIMO Systems: Impairments and Mitigation Strategies

Impairment

Mitigation strategy

Antenna coupling,
leakage, reduction of
diversity

Placement, defected
ground, parasitic
structures

Estimating the impact of antenna coupling on
beamforming algorithms

Impairment

Interfering signals,
desensitization

Impairment Mitigation strategy
Impedance Equalization,
mismatches, calibration

dispersion, losses

Impairment Mitigation strategy

Non-linearity,
distortion, saturation,
spectral regrowth

Digital pre distortion,
envelope tracking,
back-off

Mitigating dispersion with
gain calibration and equalization

Linearizing power pIifiers with
digital pre-distortion

Mitigation strategy

Impairment

Filtering, gain control,
digital receivers

Multi-path, fading,
losses, polarization

'3 4y POSCH EVM vs OFDM symbol, BWP index : 1

Symbol numbor
PDSCH EVM vs Slot, BWP index : 1

21,278
> 7,002

Siot number
PDSCH EVM va Subcarrier, BWP index : 1

Estimating the impact of interfering signals on

wideband

Mitigation strategy

Beamforming,
equalization, diversity

~ e |
g (3
80

— e
v

) =

receivers

Modeling RF propagation effects with

ray tracing

33



Coupling in Antenna Arrays: Near and Far Field Effects

RF Transmitter

Embedded element #8

Without coupling

Attenuation = 16.3+51.6 = 67.9dB
Embedded element #1

Beam at 15deg from

boresight

10

of

Aot

Normalized Power (dB)

-70

-80 [

40

-100

boresight

Azimuth Cut (elevation angle = O.Wf

=201
301
40T
60

-60

g

-100 80 60 40 -20 ] 20 40 60 80 100

Azimuth Angle (degrees)

With coupling

i

Antenna Coupling Affect Beamforming
Algorithms

Attenuationis‘.2+16.8 = 33dB

_‘ MathWorks:

Null at 45deg from

34



. _ _ 4\ MathWorks:
Sources of Dispersion and Impedance Mismatches

Power Gain Transfer Function

40
35

L 8

Magnitude Power Gain (dB)
" N

Phi EIRP (dBm)

it et 3
I \A Power amplifiers memory effects
Amplifiers>~ ool

Magnitude (d8)
& & 9

Antennas impedance and pattern

240 300
270

35

Directivity (dBi) s o
| L) | " oee 2
rs Am 47.8e-3 120 20 2 g
. . . \ '
Passive distributed element; . R -

in Ao c2-¢1 90 4

= 3 i 120 2 %

g 8 ' 22: 180 )
N 210
0
330

hdddd 11N




Dispersion Requires Equalizer Compensation / Calibration

Without equalizer With equalizer

4\ Constellation Diagram = O X ‘ 4\ Constellation Diagram

MEASUREMENTS o | MEASUREMENTS

- Measurements

B Carrier Synchronizert ~

| Measurements

jl Carrier Synchronizer!

1024 carriers
120kHz spacing
122.88MHz bandwidth

0 ©° © O © ©
‘ EVM / MER Values o © o © © o -+ EVM / MER Values
JRMS EVM (%) 1346 o O © 0 0 O 3
® © O ©¢ o ©
| Avg MER (dB) © © © © ¢ ©
e o © ¢ ¢ ©
© © © ¢ © ©
- © © ,© © 00
Processing Stopped
Frasel
X . _— - - OFDM -
— wjdn] AGC Hﬁlrrugi:ﬂr Bemodulaicr In J— | —_— .
e Equalizer | Synchronizer T
e hEsE

Coarse freq offset

Baseband receiver

expd-1 7 1:MLen gih-2"M L /T eng fi-2 W) 3018 0°pa)

\
Automatic gain control

Static phase equalizer

Constelation Deagrarm

&)\ MathWorks

36
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PA Linearization: Digital Pre-Distortion (DPD) in Practice

Baseband _ / Up-conversion
—» DPD ——>{PA
b RE Antenna loading
Adaptive coefficients A \ |
S S v ~Timing

Pout [dBm]

>

f”
-

DPD characteristic

>
Pin [dBm] 37



Interfering Signals and Wideband Recelvers -

| i Spectrum Anaiyzert -0 x

ANALYZER ESTIMATION MEASUREMENTS SPECTRUM

Stopped T 00 MHz Sample Rate = 1.9

AMALYZER ESTIMATION MEASUREMENTS

p— -

| Mmmwwﬂmmmmm

VBW = 32.2256 kHz RBW = 2.63000 MHz Sampie Rate = 1.96608 GHz Frames = 8681 T = 0.00000989634

o
o
o
»
« ™
"\
&)
o
S
15}
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~
o
» ~
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(=) o
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- N
o o
0 =
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o
@D
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C 4
YN o 3
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O
o
o
S
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O O
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) Y
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I A
- 5
o =)
T} <
@
-

PDSCH EVM Resource Grid, BWP index : 1

2000

Subcarriers 0 o OFDM symbols

PDSCH Equalized Symbols Constellation, BWP index : 1
15

Lol oo

;g

05 ‘
L 4

skaveen
L bdd ok
SEGHHER
SR ERABY

»

&
o
S
L
o
o
=
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o
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i

insan
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i
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i
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|
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0 AQou
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o Ao

= |
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o Ao
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|

=
=
w

EVM

EVM (%)

&)\ MathWorks

PDSCH EVM vs OFDM symbol, BWP index : 1
212781
. . ———ms EVM
14.1854 = pask EVM
7.0827
Q 20 40 60 80
Symbol number
PDSCH EVM vs Slot, BWP index : 1
21.2781
141884} TOUUT T T e pesk EVM
7.0027
0 1 2 3 4 5 6 7
Slot number
PDSCH EVM vs Subcarrier, BWP index : 1
% ar : ———— ms EVM
v paak EVM

0 500 1000 1500 2000 2500 3000
Subcarrier number

SPECTRALMASK  CHANNEL MEASUREMENTS

KHz Sample Raie
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Ray Tracing Channel Modeling and Integration into RF Simulation

Use ray tracing to account for multiple paths in channel between antennas:

Transmitter Channel

AntennaTX

'Receiver

NTX1 >

RF

TX4 >4

AntennaRX

4 RX4

RX1 % | [Pa] Block Parameters: Antenna_R)

1
X2 > 2 2 RX2
X3 >3 3 RX3

E—1

. Antenna (mask) (link)
mudal antenna and antenna arrays accounting for incident power wave (RX) and radiated power

Y
u 4 y-—>~S~L~ In I>Oul4[

input power Thermal Noise
(dBm)

PA

Scenario modelling including buildings
Multiple radiated/incident directions

Path loss and phase shift for each path
Model coupling in between antenna elements
Take into account frequency dependency

- Propagation path

Number of reflections (R)- 1
Number of diffractions (D): 0
Received power: -64 .8 dBm

Phase change: 1.39 rad

Distance: 67.89 m

Angle of departure: 95.9° az, -14° el
Angle of amval 113 9" az, 14° el
Materials: concrete

modnl anted
wave (TX).
* Parameters
i Main  Modeling
Source of antenna model: Antenna oviect
In I> Out

| Antenna object: Channel_AntennaObj_1 dipole |}
@ Input incident wave () Output radiated wave
LNA | Inddent wave
7 Incident carrier frequencies:” |be9 7e9 8e9] PoHz v

+ Direction of ar'ival [129.618938972962 33.5033674379362;136.375264830982 -4 : deg -

(O Simulate noise

@ Ground and hide negative terminal
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Model interference between radar altimeter and 5G base station

I Radar Altimeter Band
[ 5G Fundamental Emissions
[5G Spurious Emissions
= Radar Altimeter Filter

-------

%
0

3700 3980 4200 4400
Frequency (MHz)

Radar Altimeter + 5G

» Spurious Emissions -
Desensitization

Radar Altimeter + 5G

 Fundamental Emissions
- Blocking

Radar Altimeter
Model

Reference: RTCA Report 41



https://www.rtca.org/wp-content/uploads/2020/10/SC-239-5G-Interference-Assessment-Report_274-20-PMC-2073_accepted_changes.pdf

Author a Scenario for Simulating Radar Altimeter

Model Platforms Model Model Model Simulate
and Targets Environment Trajectories Sensors scenarios
e - e *‘ W_‘"‘jﬁ‘ s @-

Altimeter Beam —»

Aliitude ——

.4

Altimeter Antenna Pattern

Altimeter Beam Footprint

Waveform-level

4\ MathWorks

TM e gionll reaohiitn Dl gvadablp Yo 0 U 5, Cogisgedl Bervay - Soural

Landing 3D View

Link to Example



https://www.mathworks.com/help/radar/ug/fmcw-radar-altimeter-simulation.html

User Waveform Level Radar Model to Generate 1Q Signal

&\ MathWorks

Spectrogram of Altimeter Waveform (BW = 150 MHz, PRF = 143 H2)

140

120

8 8

3

Frequency (MH2)

40

20

O -
1 2 3 4 5 6
Time (ms)

30

Magnitude (dB)

Half Power Beamwidth @ Azimuth Cut (Elevation Angle =0°)
90

c2 - Cl1
46 39.94° 120 0 60
m 0

150 20 30

180 4} 0
\\ s
\\-.,-,.// ’;
-30

-120 60
90

-150

Power Pattern (dB), Broadside at 0.00° @ 4GHz

Waveform-level

43



| 4\ MathWorks

Apply Signal Processing and Evaluate Radar Altimeter Performance

, Upsweep Range Response Measured vs. True Altitude: Landing Trajectory
: Range Response 500 [ 11mAccuracy
wal  ie T Lr“::;::Tg I:IE%M’CU[HW
E L | | Al:{:“
2 ®  Sekected Range 430 :Ii::.umwf?j;it
ﬁj 400 —&— Altimeter Altilude
=1} E‘ S Truth Alfitude
T 350
=
n L L 1 L | L 1 1 i E ?m
380 300 400 410 420 430 440 450 460 470 ]
Range (m) 2 -
i Downsweep Range Response §
; Range Fesponse % 200
a3l True ARitude =
@ Detectians
E Selected Range E 150
E 2
=4 100
=
17 50
0k L i . L L Lb ﬂ
380 390 400 410 420 430 440 450 460 470 0 10 20 30 40 50 &0 70 80 a0
Range (m) Time (s)

44
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Tracking Scenario Designer App

DESIGMER

o O3 +or (=] A - (No Plstform) _ ~+ =
- -
New Open Save Plane Car Towe Boat No Rotator Sector Raster Run Default Export
- - 1} A e mreay b Scanning - Layout -

FILE PLATFORM SELECTION SENSOR SIMULATE | LAYOUT EXPORT =
| Platform Properties | | Platform Canvas \ | Scenario View
Current Platform (Mo Platform)

|| Name |
Class witLy g ]
¥ Dimensions. -80 - |
Length (m) Width (m) Height (m) 60+ 4
» Piatform Center Offset = 1
¥ initial Pose 201 7
X (m) ¥ (m) Altitude (mj é or 4
-
Roll (7} Pitch () Yaw () A I
40 1
» Pose Estimation 60 - e
® Radar Cross Section
80 i
100 0
I | | | I | |
-150 -100 -50 0 50 100 150
X (m)
|
T
0F B
5
w 20 B
=
3
i =
<40 g
| I ! | | | | | !
o 10 20 30 40 50 60 70 B0 20 100
Time (s)
i | Trajectory Table |
| Timety | xgm) | ¥m) |Altitude(m)| Course(’) [Ground Speed (m/s)|Climb Rate (m/s)| Roll
|
2
I
< > z
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Simulation & Tracking in Autonomous Survell

Point objects

Elapsed §#nula(|on time: 26 (min)

Currenyiumber of tracks: 16

Total siumber of debris: 100, .
/ A

Maritime

&\ MathWorks
ance Technologies

Extended objects

Indoor
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Verification Made Easy!
Test and verify Verilog and VHDL using HDL simulators and FPGA boards

HDL Algorithm Verification

Verifier HDL Cosimulation

FPGA Debug

gl FPGA-in-the-Loop

AXI Manager

Q ST Verification IP Export

30! SystemVerilog
Tput_Y Generation

4\
i

.
UVIM UVM Generation
| -

4\ MathWorks
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Verification Methodologies for FPGA/ASIC designs

@ S'EMENS

|| Modelsim [ XILINX

cadence
d XCELIUM

mtel

VIVADO? _J MICFIOCHIP

HDL Co-simulation FPGA-in-the-loop FPGA Debugging (Data Capture and AXI

Manager)
SYSTEM-I:EVE]_ ENVIRONMENT m ©-

Simulink model

Data Source wmsp Algorithm === Analysis

HDL
] — Verifier
Tooh UVM

SystemVerilog

W _{STEMVERILOG UVM ENVIRONMENT

Ii Scoreboard _I

Sequencer wmmp  Driver Lo (SJUTd}er Tost Monitor

UVM Testbench / SystemVerilog DPI-C System-C TLM 2.0 Components
Test Components Generation Generation 49
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MathWorks Tools for Wireless and Radar System Design

Radar Toolbox

Satellite Comms
Toolbox

5G Toolbox

Satellite Comms
Toolbox

Radar Toolbox LTE Toolbox

UAV Toolbox

Statistics & Machine
Learning Toolbox
Reinforcement

Learning Toolbox

Phased Array System Toolbox

DSP System Toolbox
RF Blockset Phased Array
Communications Toolbox System Toolbox
Signal Processing Toolbox RF Toolbox Antenna Toolbox

e S

Sensor Fusion &
Tracking Toolbox

Communications
Toolbox

Deep Learning
Toolbox

Classification \

BRDM_2: (Confidence = 0.99)

T62: (Confidence = 1.00) h

Sensor Fusion &
Tracking Toolbox

Gnsor Fusion & Tracking

Scenario Models

/,,-/\\'

|
b

SMITTER

CHANNEL

DAC = PA

RF FRONT END

Abc — — A

i ooupen,

IEVER

\_ Data Processing ) \_ Signal Processing ) \_ Antenna/RF ) Propagation Models

Satellite Comms
* Toolbox
\ 5G Toolbox

& LTE Toolbox

Resource Management Antenna Toolbox

\ & ContrOI ) ComTr_rl)Lgrllli)cOe:(tions

Radar Toolbox SoC Blockset Wireless HDL
Toolbox
Instrument Wireless
Control Toolbox Testbench DSP HDL Toolbox

(

Radar Toolbox
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Integrate Al into Communication and Radar Systems

RF Fingerprinting Emitter Localization

Spectrum Sensing
s o .

[ waasatims ]|

g X R

True STA sostions comned by Predided Class

ji

Scenario Models

BRDM_2: (Confidence = 0.99)

\_ Data Processing ) \_ Signal Processing ) \_ Antenna/RF )

opagti Models

Anomaly Detection *
Congested, contested, and complex
4 ) RF environment
&::: 56 LTE Radar
Resource Management Satcom GPS
Multifunction RF
& Control . Tactical Data

\_ J HE EW  Links

QoS Optimization
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Demo Booth : Communications and Radar Systems: From Design to Deployment

Demo Booth Title Demo Description

System-Level Simulation of Pre6G, 5G, WLAN, and | = Model 5G networks: SRS-based SU-MIMO, custom scheduler, 3GPP reference scenario results, 38.901 channel model
Bluetooth Networks = Model Pre6G networks X
" Model WLAN 802.11be networks: Multilink operation (MLO) STR and eMLSR modes

= Model Bluetooth networks: Piconet, LE Audio, periodic advertisements, Bluetooth Me

RF System Design and Analysis = Showcasing FMCW application with integration of RF, RF PCB, and antenna
= Using Al in antenna design, analysis, and pattern reconstruction T
= Modeling intelligent reflecting surfaces a
Space Mission Modeling and Analysis . Satellite dynamic and CubeSat modeling .
. GNC algorithm and attitude control development I (

. Mission planning and analysis, constellation access mission analysis

. Satellite scenario generation and visualization

Live Stream Radar Data to MATLAB from Tl . Stream data for real-time object detection and tracking
mmWave Radars for Signal Processing and
Tracking Applications

Radar Data

. Process real-time 1Q radar data instantly for radar signal processing
. Simplify TI® radar integration with MATLAB

Rapid Prototyping of Radar and Wireless . Model and simulate systems together with hardware architectures

Communications Systems on RFSoCs = Deploy and verify radar target emulator and adaptive beamforming on RESoCs

. Interface and tune RF data converter parameters directly from MATLAB

Accelerating Design and Verification of Mixed- . Model architectural-level mixed-signal systems using specifications

Signal Systems . Generate SystemVerilog DPI-C for analog mixed-signal verification

" Integrate with EDA tools for behavioral-level simulation
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