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Outline

ÅOpportunities and Challenges of Integrated Sensing and 

Communication (ISAC) Systems

ÅFundamental Sensing Technologies: Radar + MIMO + CSI

ÅMonostatic ISAC Scenarios Enabled by 4D Radar

ïMIMO Passive Radar Leveraging Base Station CSI

ïMIMO Passive Radar Utilizing Repeater Signals

ïMIMO Active Radar Driven by Cognitive Sensing

ÅConclusions
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Localization and Sensing in 6G Networks

¸Environment-aware communication systems

ÅRF spectrum for localization and sensing systems

Å Intelligent reflective surfaces for mapping and localization

Å Beamspace processing for accurate positioning

Å Machine learning for intelligent localization and sensing

¸Localization and sensing opportunities

Å Simultaneous localization and mapping

Å Passive sensing using transmitters of opportunity

Å Active sensing with radar and communications convergence

Å Context-aware localization systems

Source: University of Oulu, 6G White Paper on Localization and Sensing, 2020
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Integrated Sensing & Communication (ISAC)
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ISAC involves scenarios where the 

communication system provides sensing 

services (communication-assisted sensing) and 

where environmental sensing information is 

used to improve the communication service of 

the system itself (sensing-assisted 

communication).

Source: Study on Integrated Sensing and Communication

(Release 19), 3GPP SP-220717 (2022-06)

5G Towards 6G

Source: ITU



Source: Feasibility Study on Integrated Sensing and Communication (Release 19), 3GPP TR-22.837 (2023-06)
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Use Cases
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Human Sensing

1. Intruder detection in smart home

2. Pedestrian/animal intrusion 

detection on a highway

7. Sensing for railway intrusion 

detection

9. AGV detection and tracking 

in factories

14. Sensing for tourist spot 

traffic management

15. Contactless sleep 

monitoring service

17. Health monitoring at home 

18. Service continuity of unobtrusive 

health monitoring

25. Immersive experience 

based on sensing

29. Gesture Recognition for 

Application Navigation and 

Immersive Interaction

Source: ISAC Deployment Scenarios (Release 19), 3GPP 

RP-242804 (2024-12)



Key Performance Indicators

Scenario

Sensing 

service 

category

Confidence 

level [%]

Accuracy of 

positioning estimate 

by sensing (for a 

target confidence 

level)

Accuracy of velocity 

estimate by sensing 

(for a target 

confidence level)

Sensing resolution
Max sensing 

service 

latency

[ms]

Refreshing 

rate

[s]

Missed 

detection

[%]

False alarm

[%]

Sensing service description 

in a target sensing service 

area

Horizontal

[m]

Vertical

[m]

Horizontal

[m/s]

Vertical

[m/s]

Range 

resolution

[m]

Velocity 

resolution 

(horizontal/ 

vertical)

[m/s x m/s]

Object 

detection 

and tracking

1 95 10 10 N/A N/A 10 [3] 5 [3] 1000 1 5 2
Indoor/outdoor (e.g., detection 

of human, UAV) 

2 95 2 5 1 N/A 1 1 1000 0.2 0.1 to 5 5
Outdoor (e.g., detection of 

human, UAV)

3 95 1 1 1 [3], [4] 1 1 [3], [4] 1 x 1 [3]

100 [2], or 1000 

(NOTE 3); 5000 

for detection in 

highway

0.05 to 1 2 2

Indoor/outdoor (e.g., detection 

and tracking of human, animal, 

UAV) 

4 

99 for public 

safety, 

otherwise, 

95

0.5 0.5

1.5 for 

pedestrian,

15 for 

vehicle, 

otherwise, 

0.1

1.5 for 

pedestrian
0.5 

0.5 x 0.5

for factories 
100 to 5000 0.1 1 3

Indoor/outdoor (e.g., detection 

and tracking of human, animal, 

UAV, AGV, vehicle) requiring 

higher performance than 

category 3 

Environment 

monitoring
5 95 10

0.2

(NOTE 

4)

N/A N/A N/A N/A 60000 60 to 600 0.1 to 5 3

Nature of environments 

monitored by sensing (e.g. 

rainfall, flooding monitoring) 

Motion 

monitoring

6 95 N/A N/A N/A N/A N/A N/A 60000 60 5 5
Human motions and activities 

obtained by sensing (NOTE 5)

7 95 0.2 0.2 0.1 0.1 0.375 0.3 5 to 50 0.1 5 5
Human hand gestures obtained 

by sensing (NOTE 6)

7Source: Service Requirements for Integrated Sensing and Communication, (Release 19), 3GPP TS-22.137 (2023-12)



Monostatic Sensing with co-located 

sensing receiver and sensing transmitter 

Bistatic Sensing with separated sensing 

receiver and sensing transmitter

Source: Service requirements for Integrated Sensing and Communication, (Release 19), 3GPP TS-22.137 (2023-12)
8

Sensing Configuration
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Wi-Fi Sensing
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Monostatic MultistaticBistatic

Monostatic w/ 

coordination

Bistatic w/ 

coordination Passive 

Sensing Modes

Sensing Applications
Source: Chinese University of Hong Kong (2023)

IEEE 802.11bf, the Wi-Fi sensing standard, began in 2020 and will be finalized in 2025.
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Radar Systems

Monostatic Radar Bistatic Radar

Passive Radar
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Coverage Issue

Friis Formula
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A simple guideline is that if the effective communication range is R, the sensing range will be Ὑ.

Radio System

Monostatic Radar
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Cognitive Sensing

Use Passive Sensing to monitor the 

channel environment in real time and identify 

the target of interest.

Perform Spectrum Sensing to find available 

channels.

Apply Active Sensing to track the target of 

interest in real time through the available 

channels.

12

Active sensing offers a higher SNR and greater bandwidth than passive sensing, 

enhancing both sensitivity and resolution and ultimately delivering a higher QoS.
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Injection-Locked Oscillator (ILO)-Based Sensing
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Multi-dimensional Sensing

14

Radar

m-Doppler

Range Doppler

+

2D Imaging w/m-Doppler

+

3D Imaging w/m-Doppler

4D radar provides sensing information 

about targets' distances, azimuth angles, 

elevation angles, and Doppler shifts.

The m-Doppler map reveals the target's 

instantaneous motion and vital sign 

frequencies.
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MIMO-ISAC System
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Multiple Spatial 

Data Streams
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[H]MS: Monostatic CSI Matrix
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4D Sensing via Monostatic CSI Matrix
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¸Sensing resolutions

ÅRange resolution: ȹR = c / (2ĀBW) 

ÅElevation resolution: ȹɗ= ɚ / LRxA

ÅAzimuth resolution: ȹű= ɚ / LTxA

ÅDoppler velocity resolution: ȹv = ɚ / (2 ĀCPT)

where

c: speed of light; BW: bandwidth; ɚ: wavelength;

LRxA: Rx array length; LTxA: Tx array length;

CPI: coherent processing interval

4D Sensing from CSI: Tx/Rx antennas form an azimuth-elevation virtual array. Subcarrier responses 

yield range profiles, while packet index serves as the slow-time axis for Doppler analysis.

( ), , , , , ,n m k tH I R tq fÝ
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MIMO Passive Radar Leveraging Base Station CSI
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Prototype System

B5G/6G Monostatic ISAC Scenario
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Sensing Scenario

2D-MIMO 

Virtual Array

Comm. 8T8R MIMO

Sensing 8T6R MIMO

Tx Freq. FR3 7.1 GHz

Mod.
1644-subcarrier 
64-QAM OFDM

BW 100 MHz

Tx Pwr. -6 dBm

Video
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1 2 3

Two subjects enter the field.1

2

3

Information Outputs in ISAC

Positioning

Imaging

Vital Sign Monitoring

Sensing Rx Output UE Rx Output

Two subjects switch seats.

Two subjects exit the field.
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MIMO Passive Radar Utilizing Repeater Signals
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Repeater-based Monostatic Sensing Scenario 

Prototype System
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Cognitive Active Monostatic Sensing Scenario

B
S

 T
x

A
c

tiv
e

 R
a

d
a

r

Tx sig.

Target
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Mod. FMCW
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Tx Pwr. 1 dBm

MIMO Active Radar Driven by Cognitive Sensing
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Virtual Array

Active Radar

Prototype System
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Virtual Array
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RIS-Aided Sensing
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RIS-Enabled Sensing in NLOS Regions

LC RIS Turned Off

LC RIS Turned On
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AIfor Human Sensing

Video Source: MIT (2018)

CSI-based AI Recognition Model implemented by Collaborator Prof. Chia-Hung Yeh


