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Introduction
During RAN#102, a new SID for Rel-19 on channel modelling for Integrated Sensing And Communication (ISAC) for NR was agreed [1]. The objective of the study item is:
	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.



In this contribution, we discuss a few issues regarding channel modelling for ISAC. Further advanced issues can be discussed at a later stage.  
Discussion
In the previous meeting, RAN1 discussed whether a joint channel model for sensing and communication is necessary. The channel modelling methodology should be aligned with legacy communication channel modelling in the cases of bistatic sensing modes, while this does not apply to monostatic modes. Moreover, we think for ISAC channel modelling, RAN1 should focus on the sensing channel without considering spatial consistency between communication and sensing channels.
The channel modelling methodology should be aligned with legacy communication channel modelling in the cases of bistatic sensing modes.
· FFS: monostatic sensing mode scenario
For ISAC channel modeling, RAN1 should focus on the sensing channel without considering spatial consistency between communication and sensing channels.
In the previous meeting, RAN1 had the following agreement:
[bookmark: _Hlk160045944]The common framework for ISAC channel model is composed of a component of target channel and a component of background channel, 

· Target channel  includes all [multipath] components impacted by the sensing target(s). 
· FFS details of the target channel 
· Background channel  includes other [multipath] components not belonging to target channel
· FFS details of the background channel
· FFS whether/how to model environment object(s), i.e., object(s) with known location, other than sensing target(s)
· FFS whether/how to model propagation path(s) between the target(s) and the environment object(s)
· FFS whether/how to model propagation path(s) between the target(s) and the stochastic clutter(s) 
· Note: the notation HISAC can be revised later if needed

The background channel model can be based on the existing TR 38.901 for bistatic sensing modes. For monostatic modes, further discussion is needed. The target channel can be modeled by a deterministic method and it is based on explicit modeling of sensing target(s) (radar cross-section) with given location.
The background channel model can be based on the existing TR 38.901 for bistatic sensing modes. 
The target channel can be modeled by a deterministic method.
Another question is how to model the RCS of a target. The easiest is to consider simple point targets that are isotropic scatterers where the reflected energy is independent of the incident angle. This will also simplify the small-scale parameters generation. Therefore, single scattering point model can be a starting point for its simple implementation, and RAN1 can further consider multiple scattering points model based on use case where the number of point scatters is dependent on the concerned use cases, size of target and sensing resolution.
Sensing targets can be modeled as single scattering point model. 
· FFS: Further study multiple scattering points model based on use case

[bookmark: _Hlk162991086]Moreover, the RCS of an object can depend on various factors in an accurate modeling, such as the size of the object, the material of the object, the shape of the object, the operating frequency, etc. In this case, it seems reasonable to model the RCS as a random variable where the appropriate distribution is to be discussed further. 

Model the RCS as a random variable where the appropriate distribution is to be discussed further.
For the pathloss for Tx-Target-Rx propagation, it can be formulated as a sum of pathloss for the Tx-target channel (distance d1) and target-Rx channel (distance d2). Moreover, there is a reflection power loss at the target which can be obtained based on the RCS of the scatterer. Therefore, for sensing target channel modelling, large scale RCS should be included on top of the large scale pathloss calculation described in TR 38.901.
The pathloss for Tx-Target-Rx propagation can be updated as

,


where  and  are based on formulas in Table 7.4.1-1 of TR38.901.

Finally, based on the agreement , RAN1 needs to determine whether the target channel has only LOS ray, or both LOS ray and NLOS rays, in the Tx-target link and target-Rx link respectively. Regarding the LOS, the following four cases may occur: 
· Case 1: Tx-target link and target-Rx link both have LOS.
· Case 2: Tx-target link is LOS and target-Rx link is NLOS.
· Case 3: Tx-target link is NLOS while target-Rx link is LOS.
· Case 4: both Tx-target link and target-Rx link are NLOS.

[bookmark: _Hlk162991659]Therefore, the LOS probability for each of the Tx-target link and target-Rx link can be separately determined by the existing LOS probability scheme in TR 38.901.

The LOS probability for each of the Tx-target link and target-Rx link can be separately determined by the existing LOS probability scheme in TR 38.901.
Conclusions
Based on the discussion above, we propose the following:

1. The channel modelling methodology should be aligned with legacy communication channel modelling in the cases of bistatic sensing modes.
· FFS: monostatic sensing mode scenario
For ISAC channel modeling, RAN1 should focus on the sensing channel without considering spatial consistency between communication and sensing channels.
The background channel model can be based on the existing TR 38.901 for bistatic sensing modes. 
The target channel can be modeled by a deterministic method.
Sensing targets can be modeled as single scattering point model. 
· FFS: Further study multiple scattering points model based on use case

Model the RCS as a random variable where the appropriate distribution is to be discussed further.
The pathloss for Tx-Target-Rx propagation can be updated as

,


where  and  are based on formulas in Table 7.4.1-1 of TR38.901.
The LOS probability for each of the Tx-target link and target-Rx link can be separately determined by the existing LOS probability scheme in TR 38.901.
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