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Time-domain channel measurements for FCAS research
Characterization of Helicopter Rotor Blade Modulation in UHF and Microwave 
Bands
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“Characterization of Helicopter Rotor Blade Modulation in UHF and Microwave Bands”, submitted to MILCOM2024 
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THE CONCEPT OF INTEGRATED COMMUNICATION AND SENSING
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ISAC Introduction

Dense network | Wide bandwidths | AI and signal processing | MIMO beamformingKEY DRIVERS FOR ISAC: 
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SENSING ARCHITECTURES
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► There are six unique sensing modes: 

− TRP-TRP bistatic

− TRP monostatic

− TRP-UE bistatic

− UE-TRP bistatic

− UE-UE bistatic

− UE monostatic



RADAR CROSS SECTION σ
► Radar cross section (RCS or σ) defines the energy that a radar target in range R intercepts and 

scatters back toward the radar

► 𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑟𝑒𝑓𝑙𝑒𝑐𝑡𝑒𝑑 𝑝𝑜𝑤𝑒𝑟 = 𝑇𝑋 𝐼𝑠𝑜𝑡𝑟𝑜𝑝𝑖𝑐 𝑝𝑜𝑤𝑒𝑟 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 ∗ 𝑇𝑋𝑔𝑎𝑖𝑛 ∗ 𝑅𝐶𝑆 ∗ 𝐴𝑝𝑒𝑟𝑡𝑢𝑟𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑅𝑋 𝑎𝑛𝑡𝑒𝑛𝑛𝑎

P r =
𝑃𝑡𝐺𝑡

4 𝜋 𝑅²
𝜎

𝐴𝑒

4 𝜋 𝑅²
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Pt: Transmit power 

Gt: Transmit gain

Ae: Effective receive area

R: Radius (distance)

N: number of antennas (in either azimuth or

elevation)
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Work in progress:

MAIN STANDARDIZATION ACTIVITIES
3GPP AND ETSI ISG
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Work in progress

https://www.etsi.org/committee?id=2291


SENSING SERVICES AND KPI UNDER CONSIDERATION:
► Point cloud – for the target area indicated by the sensing service request

► Object detection – for the target area indicated by the sensing service request

► Object localization

► Object kinematics (speed, accelleration)

► Object classification (object type: Person, drone, car, UAV,…)

► Object identification – of objects belonging to an object class

► Object tracking

► Object shape

► Object material identification

► Single instance/periodic/aperiodic

T&M tackling challenges of ISAC and path to 6G8
Source: ETSI GR ISC 003 V1.1.1 (2026-02)

Accuracy of locatization (distance, angle)

Accuracy of kinematics information (velocity, speed)

Accuracy of object shape

Confidence level (of detection)

False negative probability / False positive probability

Sensing service latency
Refreshing rate

Sensing resolution (discriminating objects close to each other)

Range resolution (multiple objects behind each other)

Horizontal / vertical (objects close to each other)

https://www.etsi.org/deliver/etsi_gr/ISC/001_099/003/01.01.01_60/gr_ISC003v010101p.pdf
https://www.etsi.org/deliver/etsi_gr/ISC/001_099/003/01.01.01_60/gr_ISC003v010101p.pdf
https://www.etsi.org/deliver/etsi_gr/ISC/001_099/003/01.01.01_60/gr_ISC003v010101p.pdf
https://www.etsi.org/deliver/etsi_gr/ISC/001_099/003/01.01.01_60/gr_ISC003v010101p.pdf
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ISAC SENSING – TESTING CONSIDERATIONS
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Interferer

Reflected Signal Reflected SignalObject

(Reflector)

• RF performance / linearity → EVM

• Power / Spectrum

• Channel Selectivity

• Throughput

• Voice, video quality

KPIs

Communication Channel

• Accuracy

• Confidence level

• Latency

• Resolution

Sensor Channel

KPIs

UE



TESTING CONSIDERATIONS – ISAC
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Communication Channel

Sensor Channel

• Accuracy

• Confidence level

• Latency
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• Range 

• Doppler 

• RCS 

• Angle

• Motion

• RF performance / linearity → EVM
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• Channel Selectivity

• Throughput

• Voice, video quality
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ISAC SENSING UE TESTING CONCEPT – E2E signaling

T&M tackling challenges of ISAC and path to 6G

Transmit Signal Transmit Signal

Communication Channel

Base Station

Emulator CMX500
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6G SENSING REFERENCE MODEL
ETSI GR ISC 003 V1.1.1 (2026-02)

► Sensing Service Producer (SSP): 

6GS entity providing the 6G Sensing Service(s)

► SIDP: Sensing Input Data Provider 

− may include UEs and Access Nodes

► 3-SIDP: 3rd party Sensing Input Data Provider 

− e.g.Wi-Fi sensing

► SSC: Sensing Service Consumer 

− may include UEs, Access Nodes, and Core Network 

Functions

► 3-SSC: 3rd party Sensing Service Consumer

T&M tackling challenges of ISAC and path to 6G12
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LOGICAL ARCHITECTURE FOR ISAC
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New core network function: 

Sensing management function (SeMF)

Multi monostatic sensing

Multistatic sensing

ISAC logical architecture

[2411.10138] Architecture Proposal for 6G 

Systems Integrating Sensing and 

Communication

Komsens research project

https://arxiv.org/abs/2411.10138
https://arxiv.org/abs/2411.10138
https://arxiv.org/abs/2411.10138


OPEN RAN AND ISAC
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Making the

RAN flexible, 

smart, agile

and sensitive. 
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interfaces

support 

exchange of

sensing data.
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evaluation, 

detection, 

analysis done

by SW-apps

O-DUO-CU

Disaggregated RAN

UPF

Near-realtime intelligent control (RIC)

Service, management & orchestration (SMO) + non-
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E2 interface with sensing data?
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sensing data?

O1 interface with sensing data?

Sensing xApp

Sensing rApp

Sensing dApp

O-RU

Sensing data as

application layer?
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OPEN RAN AND ISAC
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O-DU

O-CU

ISAC ethical discussion:

• Whom does the

sensing data belong? 

• How transparent is

ISAC? 

• ISAC privacy? 

Near-realtime intelligent control (RIC)

Service, management & orchestration (SMO) + non-

realtime control

M-plane: New O-RU 

capability (ISAC)
Sensing O-RU

O-RU

Sensing data: 

Full BW or only

DMRS/SRS used for

sensing?

Waveform for

sensing?   

Bistatic sensing O-RU, 

exchange via FH-interface?

C-plane: New O-RU 

scheduling (ISAC)

U-plane: Sensing as

additional data. Capacity? 
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OPEN RAN AND ISAC
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O-RU for PHY sensing tasks

O-DU for PHY sensing analysis & evaluations

16



MICRO DOPPLER EMULATION FOR ISAC VERIFICATION

► Basic set of distinct micro doppler motions for the AREG800A

► 8 micro doppler per AREG800A channel settable

T&M tackling challenges of ISAC and path to 6G17



MICRO-DOPPLER SIMULATION
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Rotor Period

Doppler of Rotor tips

→ Extraction of individual rotor signatures

Labeling

Simulated Spectrogram

Simulated Spectrogram Radar

20°

18



MEASUREMENT VALIDATION
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Rotor Period

Doppler of Rotor tips
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ISAC TEST SOLUTION IN PRACTICE
VERIFICATION OF TRACKING ALGORITHMS

T&M tackling challenges of ISAC and path to 6G20

Source: Joint Nokia/R&S paper

http://arxiv.org/abs/2510.22180
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OPEN QUESTIONS AROUND SENSING
6GS sensing results types:

− Sensing data (raw, compressed)

− Data content, format and 

transport interface?

− Over-the-top on fronthaul? (possible 

option to start with)

− Processed sensing data 

− Object detection, localization, tracking, 

kinematics

− Object classification, identification

− Sensing related device/infrastructure

capabilities

Testing considerations:

− Evaluation of sensing measurements

− What is reported back?

− External loopback: TCP/IP?

− Evaluation inside UE/gNB based on 

to be agreed test models?

− KPIs / limits according to TS 38.901

− Plus communication performance

− Throughput, EVM, ACLR…

− Ethical aspects (sensing vs. privacy?)

T&M tackling challenges of ISAC and path to 6G21
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ISAC – SENSING CAPABLE NETWORKS - OUTLOOK

► Multi-modal sensor fusion 

► Integrated sensing and 

communications (ISAC), 

multi-technologies

► Integration of external apps

► Network exposure, real-time 

L1 integration and AI-related 

computing, agent protocols

Satellite / NTN

LiDAR

RADAR

RGB/IR

5G/6G RF

Wi-Fi
Core

RAN 

AIOps
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• Extend existing

xApp/rApp/dApp concepts for

ISAC 

• Extend interfaces to convey

ISAC data

• Extend RIC, SMO concept to

enable multi-technology ISAC

• Interworking for ISAC related

use cases
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THANK YOU

“No one can whistle a 

symphony. It takes a 

whole orchestra to 

play it.” Halford E. Luccock (1885-1960)

23 T&M tackling challenges of ISAC and path to 6G
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