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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-bis 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 TR 38.901, and considering the raytracing complicity or calibration problem, we prioritize its enhancement for ISAC channel modeling.
Proposal 1: Support to enhance the geometry-based stochastic model in TR 18.901 for ISAC channel modelling.
Sensing target modelling
1.2     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 [2]. So it is clear that a fixed value of RCS modelling is not reasonable due to inaccurate portrayal of the target's behavior. Three options proposed in last meeting that RCS can be modelled as a random variable generated by a statistical distribution, or defined by a function and/or a table, or the combination of the two. All approaches guarantee the variability of RCS, just with different flexibility. 
	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


Taking into account these many influencing factors, we think it is appropriate to model RCS as a random variable, which not only capture the variability and uncertainty associated with the target's response to radar signals, but also more flexible and easier to generate than tabular approach.
Proposal 2: Support RCS randomly generated by a statistical distribution if a target is modelled with single scattering point.
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 [3]. 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 3: Regarding the distribution of RCS modelling if a random value of which is supported, swerling model can be considered.  
Another issue that requires clarification in relation to RCS is where it should be modelled. The divergence centers on three possibilities: model RCS in large scale parameters only, small scale parameters only, or both. Since the path loss model reflects the average signal fading situation of the target, 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. 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. A starting point of the pathloss model taking into account the RCS modelling can be as follows

where  is RCS size. If it is agreed that RCS is modelled with a random variable, then the RCS value in large scale for a target can be taken as the mean of the distribution obeyed.
Additionally, since it has been concluded that RCS depends on numerous factors, which will undergo changes even for simple targets. Based on this premise, if a more refined model is desired, it is recommended to further investigate the RCS differences of different rays/clusters in small scale parameters.    
Proposal 4: The RCS of a target is modelled in both large scale parameters and small scale parameters.
-	The RCS in large scale for a target is the mean value of the distribution obeyed if it is agreed that RCS is randomly generated by a statistical distribution. 
Common channel model
1.3     target channel
In RAN1 #116-bis meeting, companies reached consensus regarding the LOS/NLOS propagation condition in the target channel.
	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



To move forward, it is suggested to discuss further on case 1 since the views on deterministic modelling of LOS ray(s) for Tx-target-Rx link is quite aligned, despite the diverse on how to model NLOS ray(s). And, it is proposed to model the target channel of case 1 as combination of the two components: 1 bounce path component including LOS ray(s) from Tx to target and LOS ray(s) from target to Rx, and multiple bounces path component including NLOS ray(s) from TX to Target and/or target to Rx. 
Although the discussion on this issue did not converge, we might be able to turn around and make progress on a small issue of the maximum number of bounces for a multipath modelling. Based on the experiments of companies proposed in RAN1 #116-bis, it is evident that the MPCs power is mainly concentrated on the LoS path and the single-hop NLoS paths, while the double-hop and above paths contribute to less than 20% of the total power in target channel. Therefore, pp to 2 bounces for a multipath between sensing Tx and sensing Rx can be modeled in the target channel.
Proposal 5: Support to restrict the maximum number of bounces for a multipath between sensing Tx and sensing Rx that can be modeled in the target channel to be 2.
1.4     Background channel
Based on the common framework for ISAC channel model agreed on RAN1 #116 meeting, the term  contains all channel information except for the sensing target. Therefore, the background channel should be the superposition of the Eos related channel and the background noise. Which may be represented as

Where the  would refer to all the stochastically generated clutters modeled via legacy 38.901 and  would correspond to the components impacted by the EO. 
Proposal 6: The background channel is composed of a component of EO channel and a component of background cluster channel.
Proposal 7: Support to model part of the ISAC background channel with stochastically generated clutters.
Conclusions
In this contribution, we discuss ISAC channel modelling related issues and have following proposals:
Proposal 1: Support to enhance the geometry-based stochastic model in TR 18.901 for ISAC channel modelling.
Proposal 2: Support RCS randomly generated by a statistical distribution if a target is modelled with single scattering point.
Proposal 3: Regarding the distribution of RCS modelling if a random value of which is supported, swerling model can be considered.  
Proposal 4: The RCS of a target is modelled in both large scale parameters and small scale parameters.
-	The RCS in large scale for a target is the mean value of the distribution obeyed if it is agreed that RCS is randomly generated by a statistical distribution. 
Proposal 5: Support to restrict the maximum number of bounces for a multipath between sensing Tx and sensing Rx that can be modeled in the target channel to be 2.
Proposal 6: The background channel is composed of a component of EO channel and a component of background cluster channel.
Proposal 7: Support to model part of the ISAC background channel with stochastically generated clutters.
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