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Introduction
In RAN #102 meeting, the SID for Rel-19 channel modelling for Integrated Sensing And Communication (ISAC) for NR was approved [1]. One of the objectives of the SID is to define channel modelling details for ISAC as shown below. 
	The focus of the study is to define channel modelling aspects to support object detection and/or tracking (as per the SA1 meaning in TS 22.137). The study should aim at a common modelling framework capable of detecting and/or tracking the following example objects and to enable them to be distinguished from unintended objects:
· UAVs
· Humans indoors and outdoors 
· Automotive vehicles (at least outdoors)
· Automated guided vehicles (e.g. in indoor factories)
· Objects creating hazards on roads/railways, with a minimum size dependent on frequency

All six sensing modes should be considered (i.e. TRP-TRP bistatic, TRP monostatic, TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic, UE monostatic). 

Frequencies from 0.5 to 52.6 GHz are the primary focus, with the assumption that the modelling approach should scale to 100 GHz. (If significant problems are identified with scaling above 52.6 GHz, the range above 52.6 GHz can be deprioritized.)

For the above use cases, sensing modes and frequencies:
· Identify details of the deployment scenarios corresponding to the above use cases.
· Define channel modelling details for sensing using 38.901 as a starting point, and taking into account relevant measurements, including:
a) modelling of sensing targets and background environment, including, for example (if needed by the above use cases), radar cross-section (RCS), mobility and clutter/scattering patterns;
b) spatial consistency.

It will be discussed at RAN#105 whether to include additional study beyond channel modelling for ISAC.



The following agreements were made in RAN1 #116-bis [2]:
	Agreement
The following cases of radio propagation in the target channel are considered for the study

	Case
	Tx-target 
	Target-Rx 

	1
	LOS condition
	LOS condition

	2
	LOS condition
	NLOS condition

	3
	NLOS condition
	LOS condition

	4
	NLOS condition
	NLOS condition



· Case 1/2/3/4 can be considered for bistatic sensing mode
· At least Case 1/4 can be considered for monostatic sensing mode
· Note: It doesn’t imply the channel response for each link is separately generated then concatenated
· FFS how to determine LOS condition and NLOS condition, e.g., based on LOS probability, or determined based on geometrical locations of environment object (EO).
· In LOS condition, line of sight ray(s) are present between Tx/Rx and target, and there may or may not exist non-line of sight ray(s) between Tx/Rx and target too
· In NLOS condition, there only exist non-line of sight ray(s) between Tx/Rx and target


Agreement
· In the target channel between Tx and Rx, scattering of a sensing target can be modelled as single scattering point or multiple scattering points 
· FFS one or multiple incoming/output rays corresponding to a scattering point
· FFS how to select single or multiple scattering points for the target, e.g. depending on the distance between target and Tx/Rx, size/shape of target, etc.
· Note: the sensing target can be assumed in far field of sensing Tx/Rx.
· FFS details to model the single or multiple scattering points


Agreement
RCS of a physical object shows dependency to at least the following factors: 
· Type of the object
· The size of the object
· The material of the object
· The shape of the object
· Orientation of the object
· FFS: Distance between Tx/Rx and the object
· The incident angle and scatter angle
· The carrier frequency
· polarization of the transmitter and receiver
· FFS Temporal or spatial consistency
· FFS antenna pattern
· FFS whether/how to model the above factors in the CR, e.g. with an RCS model with a scattering point


Agreement
EO is a non-target object with known location. 
· FFS other known parameters of the EO
· FFS details on EO modeling
The following options for EO modeling are considered for further study 
· Option 1: EO is modelled different from a sensing target 
· Applicable at least for an EO having extremely large size (referred as EO type-2 for discussion purpose) 
· FFS modeled similar to section 7.6.8 ground reflection in TR 38.901
· FFS EO modeling impacts the target channel and/or the background channel
· Option 2: EO is modeled same/similar as a sensing target
· Applicable for an EO having comparable physical characteristics as a sensing target, (referred as EO type-1 for discussion purpose)
· FFS Applicable for EO type-2
· FFS EO modeling impacts the target channel and/or the background channel
· Option 3: EO is modeled and its location is determined from a stochastic clutter generated following the cluster generation in TR 38.901
· FFS details
· Option 4: EO is not modelled
· Other options are not precluded
· Note: it is not precluded that multiple options can be supported in the channel modelling

Agreement
The following options are considered for further study to model the target channel for a target
· Option 1: modelled by concatenation of path(s) from Tx to target and from target to Rx
· Option 2: modelled by Tx-to-Rx path(s) satisfying Tx-target-Rx geometry
· Option 3: combination of Option 1 and Option 2

Agreement
If a target is modelled with single scattering point, the following options to model RCS of the target are considered for further study. 
· Option 1: Random RCS value generated by a statistical distribution, depending on the factor(s) having impacts on the RCS modelling. 
· FFS the distribution. 
· FFS the factor(s) 
· Option 2: Deterministic RCS value is defined by a function and/or a table, depending on the factor(s) having impacts on the RCS modelling 
· Note: Constant RCS for a target type can be a special case of Option 2
· FFS the factor(s)
· FFS details of function and/or table
· Option 3: combination of Option 1 & 2, e.g., RCS value is generated by combining a deterministic component and a randomly generated component.
· FFS application of each option to large scale fading and/or small scale fading
· FFS target with multiple scattering points

Agreement
· Interested companies are encouraged to submit validation results together with their proposal for ISAC channel modeling
· Up to each company to select the way for validation
· Option 1: Experimental results
· Option 2: Experimental results to validate a ray-tracing model, then the ray-tracing based results to validate the ISAC channel model
· Note: the layout of the scenario used for validation is up to company choice

Agreement
ISAC channel model for link level simulation is to be discussed after the system level channel model is sufficiently stable with basic functionalities. 





In this contribution, we provide our views on channel modelling for ISAC.
Discussion on channel modelling for ISAC
In this section, we discuss channel modelling for ISAC.
Stochastic model and map-based hybrid model
TR 38.901 [3] defines two types of channel models as shown below:
· Geometry-based stochastic channel model:
· This model is based on statistical modelling of radio channels. The radio channels are generated based on various channel parameters for path loss, delay spread, angular spread, Rician K factor, shadow fading, etc. 
· This model has less computational complexity, compared with the map-based hybrid model below. However, the current model is not suitable for ISAC because channel realizations may not be accurate or consistent with the target object’s mobility.
· Map-based hybrid channel model:
· This is based on a deterministic component and a stochastic component following mainly the stochastic model above. The radio channels are created using the deterministic ray-tracing upon a digitized map and emulating certain stochastic components according to the statistic parameters.
· By applying deterministic ray-tracing for paths associated with the target object, this model can provide more accurate and consistent channel realizations for object detection and/or tracking in ISAC.

For the geometry-based stochastic channel model and map-based hybrid channel model, the following proposal was discussed but not agreed in RAN1 #116-bis [2]:
	[Medium] Proposal 4.2-1: -[ACTIVE] 
· [bookmark: _Hlk159789157]The geometry-based stochastic channel model in section 7, TR 38.901 is enhanced to support ISAC evaluations 
· FFS whether/how to support an alternative ISAC channel model based on [ray tracing/hybrid channel model] 




For ISAC study, channel realizations associated with target object(s) need to be accurate and consistent in time, frequency, and space. Therefore, we propose to enhance both the geometry-based stochastic channel model and the map-based hybrid channel model for ISAC channel modelling by adding deterministic paths associated with target object(s). In addition, for the map-based hybrid channel model, common reference scenarios (e.g., outdoor and indoor scenarios) should be defined by taking into account target use cases and scenarios for calibration and consistent simulation evaluation among different companies.
[bookmark: _Toc166000818][bookmark: _Toc166228637]Proposal 1: RAN1 to enhance both the geometry-based stochastic channel model and the map-based hybrid channel model in TR 38.901 for ISAC channel modelling.
[bookmark: _Toc166228638]Proposal 2: RAN1 to consider deterministic paths associated with target object(s) in both the geometry-based stochastic channel model and the map-based hybrid channel model in TR 38.901.
[bookmark: _Toc166000820][bookmark: _Toc166228639]Proposal 3: RAN1 to define common reference scenarios (e.g., outdoor and indoor scenarios) for the map-based hybrid channel model in TR 38.901 for ISAC channel modelling by taking into account target use cases and scenarios.

Single scattering point vs. multiple scattering points for a sensing target
For scattering of a sensing target, the following agreement was made in RAN1 #116-bis [2]:
	Agreement
· In the target channel between Tx and Rx, scattering of a sensing target can be modelled as single scattering point or multiple scattering points 
· FFS one or multiple incoming/output rays corresponding to a scattering point
· FFS how to select single or multiple scattering points for the target, e.g. depending on the distance between target and Tx/Rx, size/shape of target, etc.
· Note: the sensing target can be assumed in far field of sensing Tx/Rx.
· FFS details to model the single or multiple scattering points




Based on the agreement above, in the target channel between Tx and Rx, scattering of a sensing target can be modelled as single scattering point or multiple scattering points. One FFS point is how to select single or multiple scattering points for the sensing target. For a relatively small sensing target (e.g., UAV), we can model it as a single scattering point. However, for a relatively big sensing target (e.g., vehicles), it is too simplistic to model it as a single scattering point, and thus it would be preferable to model it as multiple scattering points. For example, vehicles are usually modelled as multiple scattering points [4][5]. Therefore, how to select single or multiple scattering points for the target should be depending on at least the size of the target.
[bookmark: _Toc166228640]Proposal 4: How to select single or multiple scattering points for the target is depending on at least the size of the target.

Radar cross-section (RCS)
For ISAC study, consideration of RCS is important because object detection/tracking is performed based on received signals reflected by the object. However, the current channel models in TR 38.901 [3] do not consider RCS. Therefore, it is important to define the RCS model for each target object type.
For RCS, the following agreement was made in RAN1 #116-bis [2]:
	Agreement
RCS of a physical object shows dependency to at least the following factors: 
· Type of the object
· The size of the object
· The material of the object
· The shape of the object
· Orientation of the object
· FFS: Distance between Tx/Rx and the object
· The incident angle and scatter angle
· The carrier frequency
· polarization of the transmitter and receiver
· FFS Temporal or spatial consistency
· FFS antenna pattern
· FFS whether/how to model the above factors in the CR, e.g. with an RCS model with a scattering point




Based on the agreement above, we propose to define the RCS models for selected target object types (e.g., vehicles, UAVs, humans, AGVs, objects creating hazards on roads/railways, etc.) with dependency on at least the type of the object (size, material, and shape), orientation of the object, incident angle and scatter angle, carrier frequency, and polarization of the transmitter and receiver.
[bookmark: _Toc166228641]Proposal 5: RAN1 to define the RCS models for selected target object types (e.g., vehicles, UAVs, humans, AGVs, objects creating hazards on roads/railways, etc.) with dependency on at least the type of the object (size, material, and shape), orientation of the object, incident angle and scatter angle, carrier frequency, and polarization of the transmitter and receiver.

Conclusion
In this contribution we discussed our views on channel modelling for ISAC. Our proposals are summarized as follows: 
Proposal 1: RAN1 to enhance both the geometry-based stochastic channel model and the map-based hybrid channel model in TR 38.901 for ISAC channel modelling.
Proposal 2: RAN1 to consider deterministic paths associated with target object(s) in both the geometry-based stochastic channel model and the map-based hybrid channel model in TR 38.901.
Proposal 3: RAN1 to define common reference scenarios (e.g., outdoor and indoor scenarios) for the map-based hybrid channel model in TR 38.901 for ISAC channel modelling by taking into account target use cases and scenarios.
Proposal 4: How to select single or multiple scattering points for the target is depending on at least the size of the target.
Proposal 5: RAN1 to define the RCS models for selected target object types (e.g., vehicles, UAVs, humans, AGVs, objects creating hazards on roads/railways, etc.) with dependency on at least the type of the object (size, material, and shape), orientation of the object, incident angle and scatter angle, carrier frequency, and polarization of the transmitter and receiver.
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