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FUTURE STANDARDIZATION AND REGULATORY ROADMAP

You are here!
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é RESEARCH AREAS FROM A T&M PERSPECTIVE

Joint communication
& sensing
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rtificial Intelligence Reconfigurable Photonics, Visible
a d Machine Learning Intelligent Light Communication

; «
&
V. 9
R () L3
/@\ Ow® > [www-| »
()m() @D DD xal <« || <
. EDD } A high-level overview on
Multiple access, Ultra-massive  New network topologies, Full-duplex Security & all these research areas
new waveforms, MIMO distributed computing ~ communication Trustworthiness is provided in one of our
channel coding #THINKSIX video.

Don’t miss it!
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https://www.youtube.com/watch?v=mv0EYJhnncw

JCAS RESEARCH LANDSCAPE g e

5.1

4th IEEE 5.3 0 C ication and computing
International Symposium on
Joint Communications & Sensing

s e % i 3
March 19342024 o
In Leuven, Belgium & Streaming Werldwide FLAGSHIP

UNIVERSITY
OF OULU

Report ITU-R M.2

Next G Alliance Report:

Roadmap to 66

Future technology trends of terrestrial
International Mobile Telecommunications
systems towards 2030 and beyond

ational Canfe ¢ "
IEEE International Conference on wmum.l, ~IEEE

= |EEE ICC" [y e e ComSoc ¥ IEEE

ntellig
¥ fin @

bl oiiTImT T oo NI TRMUTL O TETOONS / EXHIBITORS

WS-7: WORKSHOP ON INTEGRATED SENSING AND COMMUNICATION (ISAC) PROGRAM AT A GLANCE
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https://www.6g-icas4mobility.de/
https://www.komsens-6g.com/
https://jcns-symposium.org/
http://jultika.oulu.fi/files/nbnfi-fe2022013111547.pdf
https://icc2022.ieee-icc.org/program/workshops/ws-7-workshop-integrated-sensing-and-communication-isac.html
https://www.itu.int/dms_pub/itu-r/opb/rep/R-REP-M.2516-2022-PDF-E.pdf
https://www.nextgalliance.org/wp-content/uploads/2022/02/NextGA-Roadmap.pdf
https://www.6gflagship.com/research/strategic-research-areas/wireless-connectivity/

WHERE WE ARE COMING FROM
SENSING AND COMMUNICATION HAVE A LONG (SEPARATE) HISTORY
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2G, 3G, 4G, 5G Proprietary FMCW, chirps, ...
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RADAR AND COMMUNICATION COMMONALITIES

Hardware Processing

ing d

.............
Phase shifters

................

Estimation techniques (channel or target) are important

Both benefit from recent increased trends on machine learning

Rohde & Schwarz



USE CASES
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3GPP TR 22.837 v

3GPP AND EXAMPLE RESEARCH PROJECT .

» 32 use casesin TR 22.837

— Includes consolidated
potential KPIs

» KomSens 6G

— 11 uses cases clustered into
- Sensing-aided communication ‘

- Public safety

— Smart logistics .
- Smart factory " oot K() M S E N S
and Research

- Smart city
— Weather-related sensing U
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https://www.komsens-6g.com/sites/komsens/files/2023-06/KOMSENS-6G_D1.pdf

NON-CELLULAR SOLUTIONS ADDRESSING SOME USE CASES

Wi-Fi sensing has bee successfully demonstrated on the market for several years,
y
-

but the current Wi-Fi standard does not specify any sensing specific features.
Google sleep sensing

ing
'T

Wi-Fi 802.11bf

UWB 802.15.4ab

Bluetooth LE CA
Wi-Fi 802.11az/bk

10 Rohde & Schwarz
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THE WI-FI SENSING PLAYGROUND AND MOTIVATION

@ Privacy protection - | Works in dark or low
no pictures, no video -light environments

Can see trough
material/housing

| Able to detect fine moves
or even heart beats

Targets:

L 2
*

*

Enable interoperability of sensing device from different vendors
10

Define interfaces for sensing applications to request/obtain sensing
measurements

Reduce sensing overhead

Allow for sensing applications to obtain sensing measurements 0.1
with greater consistency and control
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SENSING MEASUREMENT REPORT
CHANNEL STATE INFORMATION (CSl)

Nx number of transmit antennas [0...8]
Ngrx number of receive antennas [0...8]

N, number of bit per CSI value [0: 8bit, 1:10bit]
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PRINCIPLE PROCEDURES

Procedure specified in Wi-Fi 802.11bf

SBP Sensing Sensing
Initiator STA Initiator AP Responder STA

SI2SR NDP
SR2SI NDP
==+ SENS Report » = =

CSl

SBP report

Rohde & Schwarz

Extract CSI matrix values and use
the amplitude values of the
complex CSI for motion detection

CSI Value

Remove the noise, but preserve the
sharp spikes caused by human
activity by applying filtering

9

Make use of spectral analysis
techniques like calculating the
power spectral density

Dimensional
reduction

Applying principal
component analysis (PCA)
to simplify the data set

Feature
extractlon

r G

Classification

SIT




CSI AMPLITUDE DATA FOR DIFFERENT MOTION ACTIVITIES

Amplitude (CSI) values - RUN Amplitude (CSI) values - SIT
25dB 26 dB
T 24 dB
22dB
15dB
20dB
10 dB
18 dB
28 16 dB
0dB 14 dB
-5dB 12.dB ‘ 1
0 500 1000 1500 2000 2500
Sample over 2500 pact groups Sample over 2500 packets and 30 SC groups

Device free human activity and fall recognition using WiFi channel state information (CSI); Neena Damodaran, Elis Haruni, Muyassar Kokhkharova & Jorg Schéfer,
Springer CCF Transactions on Pervasive Computing and Interaction volume 2, 2022 see

Rohde & Schwarz


https://rdcu.be/c0IQN

JCAS EVOLUTION FROM 5G ADVANCED TO 6G

6G joint /
Integrated

SZN('? 10 RANI | communication
* ISaC use case selection :
(based on TR 22.837) and SN
5G NR Rel18 SA . Channel_ modelling _details
_ for sensing (modelling of

* Ranging based targets, RCS, ...)

services and

sidelink positioning
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SENSING ARCHITECTURES

Network Node

Monostatic Bi-/MuItistatic

<> —

Bi-/Multistatic D

1‘;
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PROS AND CONS OF SENSING ARCHITECTURES

Some key differences can be perceived between multi-static and monostatic approaches:

» Multi- and Bi-static

— Big advantage: Existing infrastructure can be reused (no full duplex is required).
However, this architecture requires information transfer between nodes/devices.

— Note that the sensing accuracy is impacted by clock/timing offsets between base
stations and/or devices.

» Monostatic

— Requires full duplex operation adding complexity and cost to available implementations.
— However, all data is available at the sensing transmitter node.

Rohde & Schwarz



WAVEFORMS
TWO ENTRY POINTS FOR EVOLUTION

Radar centric Communication
centrlc

New Waveform

PMCW, FMCW, . OFDM

Can we find an adaptable waveform, that allows tuning towards sensing or communication
performance on a per use case basis?

Rohde & Schwarz




EXAMPLES OF WAVEFORM RESEARCH

IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES. VOL. 70, NO. 3, MARCH 2022 1521

Joint Radar-Communication Systems: Modulation > Detailed work on

Schemes and System Design — Chirp sequence (CS)
Lucas Giroto de Oliveira™, Graduate Student Member, IEEE, - 0 rt h O g O n a.l C h | I‘p 'd |V| S | O n
Benjamin Nuss™. Graduate Student Member, IEEE, . .
B multiplexing (OCDM)

Mohamad Basim Alabd™, Graduate Student Member, IEEE.,
Axel Diewald™, Graduate Student Member, I[EEE,
— orthogonal frequency-
Abstract—The joint radar-communication (RadCom) concept  of radar targets. The concept of coexistigg#nd codesigned sys- d IVI S I O n m U Itl p I EXI n g (O FDM)

Mario Pauli™, Senior Member, IEEE, and Thomas Zwick™, Fellow, IEEE
has been continuously gaining interest due to the possibility of  (ems supporting both radar sensing communication is, for

integrating radar sensing and communication functionalities in example. known as joint com cation and sensing (JCAS). .
mple, known as joir n and sensing JCAS) — phase-modulated continuous

the same radio frequency hardware platform. Besides a number als amed joint wirel p at and rads
of challenges in terms of hardware design and signal processing, >0 Hamed jomt wircgggreommunicalion and radar sens-
the choice of suitable modulation schemes plays a significant role Ing Or joint comr cation and radar/radio sensing. and
in driving the performance of RadCom systems. In this sense, abbreviated as &S, JCS, JCR. or JCRS [6]. [8]-[11], Wave (PMCW)
this article presents an overview of state-of-the-art modulation  joing radagg@mmunication (JRC) [4]. [12]. [13]. and wire-
schemes for RadCom systems, namel\ chirp sequence, phase- less unication and radar sensing (C&R) [7]. depending
mo(lulate(l contmuous wave, £ equency- -division mul- ) o . . = LT
- . 'hether the system design is radar- or communication-
centric. In the particular case where the same signal is
used for both applications, the jc
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Fig. 17. Obtained range-velocity radar images from measurements with RadCom systems based on (a) CS, (b) PMCW, (c) OFDM, and (d) OCDM modulation
schemes.
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ANOTHER WAVEFORM OF INTEREST
OTFS - ORTHOGONAL TIME FREQUENCY SPACE MODULATION

» For TDM and FDM the signal is localized in time
or in frequency — time selective or frequency
selective fading

M [
Q N
» Idea: Go to the Delay-Doppler (DD) domain <> /\\ D\
\//'

DN

O
[h(z.v)| [y K

» Doppler Delay Modulation (DDM) LTS
— Information is carried over DD domain pulse

— Delay period 7, ; Doppler period v, = Ti
p

— Zac transform z;, used to transform the DD
signal to a TD signal x(t)

Ref: R1-1609825, 3GPP TSG RAN WG1 Meeting #86bis, 2016
Rohde & Schwarz


https://www.cohere-tech.com/wp-content/uploads/2017/06/R1-1609825-OTFS-Performance-in-High-Doppler-with-Varying-Subcarrier-Spacing.pdf
https://www.cohere-tech.com/wp-content/uploads/2017/06/R1-1609825-OTFS-Performance-in-High-Doppler-with-Varying-Subcarrier-Spacing.pdf

MOBILE WORLD CONGRESS DEMONSTRATIONS FEB 2023

» Quite some demonstrators were
showcased already based on existing
5G NR FR2 implementation.

Nokia Bell Labs showcase first real proof of concept 6G systems'at ... ol

» Focus on distance and speed estimation
of passive objects.

¥'Outdoor Test Route

L

L% ey S
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https://youtu.be/r2B220XpN_8
https://www.youtube.com/watch?v=k3hpgBzD3xk

JOINT COMMUNICATION AND SENSING
PRINCIPLE TESTING CONSIDERATIONS

* Throughput
* Voice, video quality

* RF performance / linearity — EVM
+ Power / Spectrum

S A
% ((( ))> r )
n Transmit Signal ’la Transmit Signal L
o K\ WA ————mmel] A v s s n TR nn s > S
: “ . QERNO
m Reflected Signal | Object

(Reflector) \

) M ’ o R

Sensor Channel
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RADAR CROSS SECTION

» Definition: Radar cross section is a parameter which describes how much of the incoming
radar signal at the object gets reflected back to the radar sensor. The RCS does not represent
the physical size of an object but is rather a virtual parameter. Multiply the RCS by the
power density of the radar signal at the location of the object to get the signal power
reflected to the radar sensor.

» Many parameters affect the RCS of an object, for example:
— Geometrical shape of the object, like surfaces, edges or size
— Material of the object
— Orientation of the object towards the radar sensor
— Polarization of the radar transmit antenna and the radar receive antenna
— Wavelength of the radar signal

Rohde & Schwarz



RADAR CROSS SECTION
SOME FORMULAS AND NUMBERS

» Under the following assumption, simplified formulas apply
— Distance >> wavelength (1) of radar signal

» RCS for an ideal sphere RCSpqy = T+ 12 @

4.1-a?- b2
XZ

» RCS for an ideal plate RCSmax =

» Typical value (76-81 GHz): O

RCS =-5.44t0 -7.12 dBm?
ETSI TS 103 789 V1.1.1
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https://www.etsi.org/deliver/etsi_ts/103700_103799/103789/01.01.01_60/ts_103789v010101p.pdf
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DEMONSTRATION AT EUMW 2023 (BERLIN)

More information at: |
https://www.ihe.kit.edu/english/index.php ‘

@} Rohde & Schwarz


https://www.ihe.kit.edu/english/index.php

TAKE AWAYS

Joint / Integrated communication and sensing will enable
enhanced and new use cases.

Non-cellular technologies provide initial sensing solutions,
while 5G-Advanced specification work has started in 3GPP.

6G aims at an integrated approach for supporting
communication and sensing within the same technology.

Sensing performance verification requires additional test
methods and procedures.

» Rohde & Schwarz is actively engaged in this phase of applied research,
providing our expertise in test and measurement to make ideas real.

® Rohde & Schwarz



Find out more

www.rohde-schwarz.com/6G
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