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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In RAN# 102, a new Rel-19 study item on channel modelling for Integrated Sensing And Communication (ISAC) for NR was approved [1]. The objectives are listed as follows.
	Objective:
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:
1. 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;
1. spatial consistency.


Based on the scope of the study item, in this contribution, we continue to present our views on the issues of ISAC channel modelling. All the proposals are based on the consensus have been made in RAN1#116 meeting.
Methodologies
1.1     General framework
The ISAC model may be developed based on three types of methods, geometry-based stochastic model, ray-tracing model, or map-based hybrid channel model. The geometry-based stochastic channel model that has been employed in TR 38.901 has the most striking feature of simple but does not accurate represent the geometric details of the environment. The ray-tracing channel model behaviors to be more precise and scalable but is not fully calibrated. Furthermore, due to the absence of a standardized deployment scenario, it is difficult to generalize the results of ray-tracing even within a defined scenario, and the software used for ray-tracing may lead to divergence. The map-based hybrid channel model is a combination of the formal two. 
Since geometry-based stochastic model has been widely used in communication evaluations in 3GPP, we prioritize its usage for ISAC channel modeling.
Proposal 1: At least support geometry-based stochastic model for ISAC channel modelling.
1.2     SLS or LLS
Due to the involvement of multiple BSs and UEs, and their locations, as well as details of antenna arrays, etc, the ISAC channel model naturally operates at the system level. As a subcase of the system level model, the link level channel model can be developed through simplifications without adding additional workload. Therefore, it can be discussed once the system level model is ready. We prefer to note that the development of the system level channel model for simulation is currently the highest priority. 
Proposal 2: Support to prioritize the ISAC channel model for system level simulation.
Sensing target modelling
1.3     Single point or multiple points for a target
During the last meeting, a proposal suggesting that a sensing target can be modeled with either one or multiple scatters was accepted by several companies. However, a controversy has arisen regarding whether the default assumption should be a one-point scatter model due to its simplicity. Furthermore, some companies have raised concerns about the vagueness of the presentation of the FL proposal, particularly regarding the statement that "the one-point scatter model is considered as the starting point". 
On our side, we acknowledge that the number of point scatters corresponding to a target depends on various factors, such as the use case, target size, and sensing resolution. It is evident that neither option can be dismissed, and it is challenging to make a definitive argument in favor of one approach over the other. Therefore, we recommend reaching an agreement on this high-level design aspect and temporarily setting aside the debate about whether one-point scatter modeling should take precedence or not. By focusing on achieving consensus on the broader design, we can make progress while leaving room for further discussion on the prioritization of specific modeling approaches
Proposal 3: Support to model a sensing target with one or multiple point scatters. 
1.4     RCS modelling
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Regarding RCS modelling, it is a common understanding that RCS of a target is not fixed. On the contrary, it is influenced by factors including the incident and reflected angles of signals, the size, material and the shape of the target, etc. So it is clear that a fixed value of RCS modelling is not reasonable due to inaccurate portrayal of the target's behavior. Taking into account these many influencing factors, it is appropriate to model RCS as a random variable, which can capture the variability and uncertainty associated with the target's response to radar signals. 
Proposal 4: Support RCS of an object be modelled as a random value. 
As for the distribution of the random variable, candidates including swerling, Gaussian, Weibull are proposed in RAN1#116 meeting [3]. Notice that swerling model has been widely used in characterizing the RCS fluctuations of targets in radar theory. Swerling model characterizes the statistical properties of an object's RCS through chi-square distribution in terms of different degrees of freedom. There are There are four main different Swerling models, each suitable for portraying different situations. An extensive body of radar detection theory has been built up using the four Swerling models of target RCS fluctuation and noncoherent integration [2]. They are formed from the four combinations of two choices for the PDF and two for the correlation properties. The two density functions used are the exponential and the chi-square of degree four. The exponential model describes the behavior of a complex target consisting of many scatterers, none of which is dominant. The fourth-degree chi-square model targets having many scatterers of similar strength with one dominant scatterer. Although the Rice distribution is the exact PDF for this case, the chi-square is an approximation based on matching the first two moments of the two PDFs. These moments match when the RCS of the dominant scatterer is times that of the sum of the RCS of the small scatterers, so the fourth-degree chi-square model fits best for this case. More generally, a chi-square of degree 2m = 1 + [a2/(1+ 2a)] is a good approximation to a Rice distribution with a ratio of a2 of the dominant scatterer to the sum of the small scatterers. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Considering the extensive study of RCS modeling in radar theory, there is ample justification for building upon the existing body of work. Furthermore, the wide acceptance and practical application of this approach further reinforce its viability.  
Noteworthy that recent studies have also shown that, unlike the Gamma distribution used in the Swerling model, the Weibull distribution seems to be more suitable for measuring radar reflections from a variety of pedestrian and vehicle classes. Indeed, at this stage, proposals of other considerations are not excluded. While it is beneficial to build upon existing research and accepted practices in RCS modeling, it is also important to remain open to alternative perspectives and potential improvements.
Proposal 5: Regarding random distribution of RCS modelling if a random value of which is supported, swerling model can be considered as the starting point.  
Another issue that requires clarification in relation to RCS is where it should be modelled. Two straightforward options are slow fading and fast fading. We believe that at least the modelling of RCS in slow fading can be considered, with the incorporation of a random value. When a sensing signal is reflected by a target, although the attenuation may vary among subpaths due to the target's size and shape, the signal reflection angle remains relatively constant, suggesting the presence of a common, underlying attenuation. Based on this premise, if a more refined model is desired, it is recommended to further investigate the RCS differences of different point scatters in fast fading scenarios. Therefore, we concur that RCS should be considered in the pathloss model, and the specific formula for this can be subject to further discussion and exploration.   
Proposal 6: Support at least the modelling of RCS in the pathloss model.
Fast fading modelling
1.5     Target specific channel
In RAN1#116 meeting, an agreement has been achieved treating ISAC channel model as a superposition of target specific channel and the environment related channel [3].
	[bookmark: _Hlk160045944]Agreement
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



In order to generate the target specific channel, it should be determined whether NLOS clusters should be modelled in the Tx-target link and/or target-Rx link. In our opinion, to balance modelling complexity and realism, we support that NLOS clusters modelled in the Tx-target and target-Rx link.
Proposal 7: NLOS clusters are modelled in the Tx-target link and/or target-Rx link for the target specific channel in the stochastic ISAC channel model.
1.6     Background channel
Regarding the generation of the background channel, three straightforward alternatives are available for selection. The first option is to generate the background channel using only stochastic clusters as TR 38.901. The second option involves superimposing a set of environment targets explicitly modeled in the same manner as the target of interest. The third option is a combination of the first two approaches. 
Considering the complexity involved in generating the model, we believe that option 2 would entail significantly higher complexity compared to option 1. Additionally, considering the extreme complexity of the actual environment and the multitude of influencing factors, a statistical modeling approach is expected to be more appropriate than a deterministic approach. Because in this case, the explicit environment targets generated with deterministic locations are also unfounded and in any case biased, while the option 1 is at least validated by TR38,901.
Proposal 8: Support to model the background channel in the stochastic ISAC channel model with stochastically generated clutters.
Conclusions
In this contribution, we discuss ISAC channel modelling related issues and have following proposals:
Proposal 1: At least support geometry-based stochastic model for ISAC channel modelling.
Proposal 2: Support to prioritize the ISAC channel model for system level simulation.
Proposal 3: Support to model a sensing target with one or multiple point scatters. 
Proposal 4: Support RCS of an object be modelled as a random value. 
Proposal 5: Regarding random distribution of RCS modelling if a random value of which is supported, swerling model can be considered as the starting point.  
Proposal 6: Support at least the modelling of RCS in the pathloss model.
Proposal 7: NLOS clusters are modelled in the Tx-target link and/or target-Rx link for the target specific channel in the stochastic ISAC channel model.
Proposal 8: Support to model the background channel in the stochastic ISAC channel model with stochastically generated clutters.
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