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1. Introduction

In RAN#102, New SID for Integrated Sensing and Communication (ISAC) has been approved. Study to define channel modelling to support the ISAC is one of main objectives as captured from the SID as below [1].

SID for Integrated Sensing and Communication (ISAC) (in RP-234069)
- 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)
- 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.

According to the above objectives in SID for Integrated Sensing and Communication (ISAC), in this contribution, we seek to present our view on channel modelling for the ISAC.
2. Stochastic channel model vs. ray-tracing channel model
The ISAC channel model may be developed based on the following three existing channel models.

 - Option 1: Geometry-based stochastic channel model in section 7.5 of TR 38.901  

 - Option 2: Ray-tracing channel model

 - Option 3: Map-based hybrid channel model in section 8 of TR 38.901

Option 3 is a combination of option 1 and option 2. Therefore, Option 1 and Option 2 will be compared. Option 2 is more precise and scalable while Option 1 do not represent the precise geometric details of the environment or specific signal paths. 
However, Option 2 is not fully calibrated, and not used in evaluations of 3GPP. There is no common deployment scenario for Option2, and it is hard to generalize even if the common deployment scenario is defined. Furthermore, the software for Option 2 have versatility which may cause divergence.
On the other hand, Option 1 is simple and is already employed in TR 38.901, i.e., Option 1 is widely used in evaluations in 3GPP.

In the previous meeting, there was an agreement for above issue as below. And, our preference is options 3 as mentioned above.

Agreement

- EO is a non-target object with known location. 
▪ FFS other known parameters of the EO
▪ FFS details on EO modelling

- 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-

▫ 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
Proposal 1:
The existing Geometry-based stochastic channel model in section 7, TR 38.901 is enhanced to support ISAC evaluations.
· EO is modeled and its location is determined from a stochastic clutter generated following the cluster generation in TR 38.901
3. Single point vs. multiple points for a target modelling (with RCS modeling)
With considerations on the complexity involved in the simulation, a target modelling with single point scatter could be suggested. On the other hand, with considerations on more accurately restore the amplitude and the shape information of the target, a target modelling with one or multiple point scatters could be suggested. For the multiple point scatters, the proper number of point scatters may be dependent on the concerned use cases, size of target and sensing resolution. 
If multiple point scatters are modelled for a target, the following options on RCS modeling of a target could be further considered as discussed in previous meeting. 
- Alt 1: RCS is only modelled in slow fading, 

▪ Option 1: a fixed value

▪ Option 2: a random value. FFS the distribution

▪ Option 3: RCS depending on the incident angle and reflection angle at the target

- Alt 2: RCS is only modelled in fast fading, 

▪ Option 1: RCS is modelled per ray, e.g., the LOS ray(s) and each ray in a NLOS cluster

▪ Option 2: RCS is modelled per LOS ray or NLOS cluster

- Alt 3: RCS is modelled in both slow fading and fast fading
RCS should be modeled in both slow fading and fast fading (=Alt 3) for a scenario in which multiple point scatters are modeled for a sensing target. For slow fading, a fixed value could be used for RCS. But this fixed RCS modelling may be inaccurate if RCS changes drastically, e.g., due to relative position change between Tx/Rx and sensing target. It should be characterized for each target based on different size, shape, material, etc. therefore, to capture varying RCS of sensing target, Option 2 should be for slow fading.
For fast fading, above two options should be further clarified as below, and we prefer that no ray-specific specific RCS for the rays associated with the same LOS/NLOS cluster as a starting point.
▪ Option 1: RCS is modelled per each ray in a NLOS cluster

▪ Option 2: RCS is modelled per NLOS cluster (with one RCS value for N rays in same NLOS cluster)

In the previous meeting, there was an agreement for above issue as below. And, our preference is option 1 for slow fading and option 2 for fast fading as mentioned above.

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

Proposal 2:
RCS is modelled in both slow fading and fast fading
- A random RCS value for slow fading
▪ If a target is modelled with single scattering point, Option 1 (Random RCS value generated by a statistical distribution, depending on the factor(s) having impacts on the RCS modelling) is considered.
- One RCS value for N rays in same NLOS cluster for fast fading, 
▪ If a target is modelled with single scattering point, 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) is considered.

4. Conclusion

In this contribution, we discussed and provide our views channel modelling for the Integrated Sensing and Communication (ISAC) with following proposals.
Proposal 1:
The existing Geometry-based stochastic channel model in section 7, TR 38.901 is enhanced to support ISAC evaluations.

· EO is modeled and its location is determined from a stochastic clutter generated following the cluster generation in TR 38.901

Proposal 2:
RCS is modelled in both slow fading and fast fading
- A random RCS value for slow fading

▪ If a target is modelled with single scattering point, Option 1 (Random RCS value generated by a statistical distribution, depending on the factor(s) having impacts on the RCS modelling) is considered.

- One RCS value for N rays in same NLOS cluster for fast fading, 

▪ If a target is modelled with single scattering point, 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) is considered.
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