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Introductions 
The scope of ISAC channel modelling is described in SID RP-234069 [1] as follows:
	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.


In this paper, we will present our views on ISAC channel modelling of slow fading and fast fading, and put forward proposals accordingly. 
Discussions 
ISAC channel modelling of slow fading
The pathloss of the sensing signal is combination of the pathloss from the sensing signal transmitter to the sensing target, the reflecting/scattering loss at the sensing target which usually is presented by RCS, and the pathloss from the sensing target to the sensing signal receiver.  Therefore, we can formulate the pathloss of ISAC channel as
,
where  and  denote the pathloss from the sensing signal transmitter to the sensing target and the pathloss from the sensing target to the sensing signal receiver, respectively.  is the wavelength of the sensing signal, and  is the RCS of the sensing target. The pathloss  and   in different sensing scenarios like UMA-AVs, InH, Indoor-office, Indoor-factory, and highway, can use the corresponding pathloss formulations in TR 38.901, TR 37.885 and TR 36.777 as references. While when to apply current pathloss formulations in the literature, there are some constraints about the height of sensing target. Therefore, further modification and validation of the pathloss between sensing signal transmitter and sensing target, and the pathloss between sensing target and sensing signal receiver is necessary considering the sensing target height requirement. 
Proposal1: It is suggested to adopt the formula as a baseline to model the sensing pathloss. 
Proposal2: When to apply the current pathloss formulations in the literature like TR 38.901, TR 37.885 and TR 36.777 for sensing pathloss, FFS the case when the sensing target height is not fulfilled the application constraints.

 As for RCS, there usually are three ways to model it[2]:
（1） modelling RCS as a fixed value, which differs with the materials of sensing targets;
（2） modelling RCS as a variable following a given distribution, like random distribution and Rayleigh distribution;
（3） modelling RCS related to its shape and the arrival angle. 
We can model RCS as a fixed value at least in this study, as a starting point for the sensing channel modelling of slow fading. 
Proposal3: Model RCS as a fixed value at least in this study, as a starting point for the sensing channel modelling of slow fading. 
[bookmark: OLE_LINK1]ISAC channel modelling of fast fading 
[bookmark: _Hlk158037988]According to the scope of ISAC channel modelling described in the SID [1], there are five kinds of sensing targets and six sensing modes to consider. This will bring a heavy amount of work in fast fading channel modelling. Therefore, we suggest to adopt a unified modelling framework and process compatible to all scenarios and sensing modes, and with specific channel parameters per scenario and sensing mode in this study.
[bookmark: OLE_LINK2]Proposal4: It is suggested to adopt a unified fast fading modelling framework and process compatible with all scenarios and sensing modes, with channel parameters for different scenarios and sensing modes designed specifically.
Fast fading model of ISAC channel consists of two main parts, i.e., target-related components and background components. Target-related components model the interactions of the target on the sensing signal. It can be generated by stochastic model based on TR 38.901 or deterministic model like ray-tracing. In this study, stochastic model based on TR 38.901 can be at least considered. Background components include interactions of the environment targets in addition to sensing target on the sensing signal. For Bistatic sensing mode, we can reuse the stochastic model of TR 38.901 to generate its background components, with modification of the fading channel parameters for sensing purpose. For Monostatic sensing mode, two options can be considered for its background components generation:
· Opt.1: Generate the environment targets first and then model the channels between sensing signal transceiver and environment targets by following the channel modelling procedure in TR 38.901 as background components. 
· Opt. 2: reuse the stochastic model of TR 38.901 by adding channel parameters related to Monostatic sensing mode. 
Proposal5: Fast fading model for ISAC channel can be modelled as a combination of target-related components and background components. 

Target-related components can be modelled in a concatenated way or non-concatenated way. In the concatenated way, channel is expressed by “Tx-target link + target-Rx link”, where Tx and Rx presents the sensing signal transmitter an receiver, respectively. There are 4 cases of “Tx-target link + target-Rx link” depending the LOS or NLOS of each link, i.e., LOS+LOS, NLOS+NLOS, LOS+NLOS, and NLOS+LOS. Down-selection among different cases needs further study. In addition, it is necessary to consider reducing the processing complexity when cascading Tx-target link channel and target-Rx link channel. In non-concatenated way, Tx-target-Rx channel is generated as a whole. In LOS case of Tx-target-Rx channel, signal interact with only the target between Tx and Rx. In NLOS case of Tx-target-Rx channel, signal can interact with other clutter before or after the target. In both concatenated and non-concatenated ways of modelling, target-related cluster number, inter-cluster and intra-cluster parameters such as number of clusters, delay spread, angel spread, number of rays, intra cluster delay and angel spread, need further study and validation according to the characteristics of the target, such as target size, shape, material, etc. 
Proposal6: Target-related components in the sensing fast fading channel can be modelled in a concatenated way or non-concatenated way. 
Proposal7: Target-related cluster number, inter-cluster and intra-cluster parameters of target-related components need further study and validation according to the characteristics of the target.

Conclusions
In this contribution, we have presented our considerations on the ISAC channel modelling of slow fading and fast fading, and put forward the following proposals:
Proposal1: It is suggested to adopt the formula as a baseline to model the sensing pathloss. 
Proposal2: When to apply the current pathloss formulations in the literature like TR 38.901, TR 37.885 and TR 36.777 for sensing pathloss, FFS the case when the sensing target height is not fulfilled the application constraints.
Proposal3: Model RCS as a fixed value at least in this study, as a starting point for the sensing channel modelling of slow fading.
Proposal4: It is suggested to adopt a unified fast fading modelling framework and process compatible with all scenarios and sensing modes, with channel parameters for different scenarios and sensing modes designed specifically.
Proposal5: Fast fading model for ISAC channel can be modelled as a combination of target-related components and background components. 
Proposal6: Target-related components in the sensing fast fading channel can be modelled in a concatenated way or non-concatenated way. 
Proposal7: Target-related cluster number, inter-cluster and intra-cluster parameters of target-related components need further study and validation according to the characteristics of the target.
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