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1 Introduction

Sensing applications [1] for various use cases are based on acquiring channel characteristics and analysing them to detect change due to the target’s behaviour such as presence, breathing rate or movement. Integrated Sensing and Communication (ISAC) use the signals and the channel conditions of a communications network to perform sensing. One of the key tools used to evaluate and standardize mobile communication networks is standardized channel modelling [2]. Channel modelling standardization is an important tool for systems evaluation and performance specification.  Specific scenarios of interest (section 6.2 of [2]) are identified for outdoor (UMi, UMa, Rural) and indoor deployments, and for backhaul and V2V. A subset of these models are used in the certification process with channel models implemented in channel emulators.  The main purpose of using these models is to optimize user and systems throughput for mobile networks. For ISAC, the main purpose of sensing is to delineate spatial channel parameters corresponding to target’s behaviour, to optimize and evaluate sensing accuracy.  In this contribution, we present a method analysing sensing measurement data indoor at 28.5GHz to encourage initiating the process of studying channel modelling for ISAC.  
2  Measurement System 
Measurement system comprises three media: RF systems in 28GHz band, Lidar, and Camera. They are synchronized to match target behaviour with corresponding channel parameters, such Doppler, azimuth angle of arrival, elevation angle of arrival, path loss, delay, and phase.  Configuration of monostatic tri-system is depicted in Figure 1.
Figure 1: TRI-System Monostatic Configuration 
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The RF systems include:
· 1 dual-polarized TX phase-array antenna board (64 microstrip antennas), synthesized into quasi-omnidirectional V and H patterns

· 4 dual-polarized RX phased-array antenna boards (256 microstrip antennas) 

· Optical cable use for phase synchronization between TX and RX

· 2 GHz bandwidth
The field-of-view for the camera and lidar is 360° in azimuth.
We used switched beamforming (SBF) technique that considerably reduce sweep time to about 230μs per 64 antenna panel [3].   
2.1 Measurement System Calibration

Before measurement campaign, we calibrate the analog weights to synthesize Quasi-Omnidirectional beams, the CIR to extend the dynamic range of the system, and the digital weights to synthesize sweepable beams through SBF. We also verify that the phase drift in untethered mode is negligible, to enable SBF. 
Figure 2: Switched Beams - 18 dB sidelobe suppression
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Figure 3: Pre-distortion filtering to de-embed RF front end
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Figure 4: RF measurement error based on ground-truth LOS path
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2.2 Example of a measurement campaign
Monostatic system is in Fig 5 with the subject elevated.
Figure 5: Monostatic Tri-System Configuration for gesture recognition
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Using the SAGE system, MPCs indexed in path gain, phase, delay, azimuth, and elevation angle of arrival are extracted from the RF system measurement results.
Figure 6: MPCs extracted from one sweep
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Figure 7: MPCs aggregated over time
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2D key points (EL, AZ) are extracted from the camera samples. 3D key points are extracted from the Lidar system.  Method for extraction include using machine learning based algorithm.  

Figure 8: Camera time sample
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Figure 9:Lidar time sample
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2.3 MPCs versus key points

The final stage is temporal and spatial calibration using the components of all three subsystems.

Figure 10: MPCs clustered over time
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Figure 11: Key points clustered over time
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3 Conclusion
We describe a tri-system and a method for collecting channel measurement data for sensing in 28.5 GHz with the application “Human gesture identification”. As can be observed this tri-system is calibrated specifically for the sensing applications. We expect specific calibration to be necessary for other bands with other sensing applications. That is why we recommend that the study for channel modelling for ISAC be initiated early in the process so that additional measurement campaigns identified can be conducted on time to assist on deriving the model and specifying it in [2]. 
References:
[1] 3GPP TR 22.837 V1.0.0 (2023-03) “Feasibility Study on Integrated Sensing and Communication (Release 19)”

[2] 3GPP TR 38.901 V17.0.0 (2022-03) “Study on channel model for frequencies from 0.5 to 100 GHz (Release 17)”
[3] Caudill, Derek, et al. "Real-time mmWave channel sounding through switched beamforming with 3-D dual-polarized phased-array antennas." IEEE Transactions on Microwave Theory and Techniques 69.11 (2021): 5021-5032.
RX





Camera





LIDAR





TX








