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1. Introduction
Integrated sensing and communication (ISAC) have attracted much attention due to the increasing demand, e.g., the UAV detection/tracking in some area, human detection in the outdoor/indoor, etc. The channel modelling is critical for evaluating the technical performance. However, the current NR 3GPP channel modelling only focus on the communication side, and not considering the sensing capability. So, a new study item on channel modelling for ISAC has been approved in RAN#112 [1]:
	[bookmark: OLE_LINK6]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.
It will be discussed at RAN#105 whether to include additional study beyond channel modelling for ISAC.


In last RAN1 meeting [2], it is the first meeting to discuss the ISAC channel modelling, due to the limited meeting time and controversial views, only one consensus on ISAC channel modelling component was achieved, i.e., , and the details need to be further discussed.
In this contribution, we will further discuss the ISAC channel modelling related issues, e.g., the details design of target modelling, background environment modelling, etc.
2. Discussion 
Sensing mode
Regarding the sensing mode, the SID states that 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). One potential question is whether the sensing mode needs to be prioritized, especially when considering the workload. From our understanding, at least from the channel modelling perspective, the prioritization of sensing mode is not needed since the channel modelling mechanism is same/similar for both monostatic mode and bistatic mode, which means the  shall include both monostatic mode channel and bistatic mode ISAC channel.
[bookmark: _Ref159168208]Proposal 1: From ISAC channel modelling perspective, a common channel modelling framework is defined for all six sensing modes, i.e.,  shall include both monostatic mode ISAC channel and bistatic mode ISAC channel.

Channel modelling mechanism
For the ISAC channel modelling, the SID agreed that defining channel modelling details for sensing using 38.901 as a starting point and taking into account relevant measurements. Since the ISAC channel modelling also includes the communication link and TR 38.901 is a typical and high acceptable material for communication channel modelling [3], it’s reasonable to take it as a starting point for ISAC channel modelling.
[bookmark: _Ref159169262]Observation 1: For ISAC channel modelling, taking TR 38.901 as a starting point.

For the communication link, it has to be noted that the geometric description covers arrival angles from the last bounce scatterers and respectively departure angles to the first scatterers interacted from the transmitting side. However, the propagation between the first and the last interaction for communication is not defined, which means the communication channel modelling does not care how does the signal reflection between the first and the last interaction.
[bookmark: _Ref159103269]Observation 2: For communication channel modelling, the propagation between the first and the last interaction is not defined.

Considering the ISAC needs to detect the target’s velocity, position, distance, angle, etc, we think the major difference between sensing channel modelling and communication modelling is that sensing link needs to know the precise propagation path, e.g., the sensing target’s position is known for the channel modelling, i.e., the sensing channel modelling needs to model how the sensing signal propagation among sensing transmitter, sensing target, and sensing receiver. Since the information of the target object has been known in the channel modelling, we call this as “deterministic modelling mechanism” for target object. The detailed illustration for ISAC channel modelling can refer to the Figure 1.
[image: ]
[bookmark: _Ref159146192]Figure 1: ISAC channel modelling
[bookmark: _Ref159168210]Proposal 2: For ISAC channel modelling, taking TR 38.901 as a starting point with the deterministic modelling mechanism for the target object.

Regarding whether to consider SLS (system level simulation) only or both SLS and LLS (link level simulation), we suggest both SLS and LLS need to be considered since the two simulation mechanisms are two different approaches used for simulating and analysing the system performance. For example, the SLS provides a holistic view of the entire system, including multiple cells, interference, mobility, and handover scenario, and the LLS concentrates on modelling the physical and data link layers of the system, including reference signal performance evaluation, receiver algorithm verification, coding, channel estimation, and error correction techniques, etc.
[bookmark: _Ref159169266]Observation 3: System level simulation and link level simulation are two different approaches used for simulating and analysing the system performance.
[bookmark: _Ref159168211]Proposal 3: For ISAC channel modelling, both system level simulation and link level simulation need to be defined.

Regarding the ISAC channel component, it was extensively discussed in last meeting, and following agreement was achieved at the end.
	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 the following part, we will share our views on the details design about the target modelling and background modelling, respectively. 
Target object modelling
From our view, how to modelling of target object is the major difference between communication link and sensing link. In communication link, it does not care how the signal reflection via a specific object, and the channel characteristic is modelled by mathematical statistical distribution. However, From the demand of sensing service, it needs to detect the target’s shape, whether the target exit (e.g., intrusion), the target’s velocity/range/angle, etc. 
For a specific target, it can be modelled by multiple key components, and each key components can stand for the target’s typical characteristic, e.g., the target of human can be modelled by following key components: head, hands, legs, chest, etc. Of course, whether the target can be modelled by multiple key components is also up to the following factors:
· Sensing resolution: if the sensing resolution is lower, it cannot differentiate multiple key components by sensing receiver, so, in this situation, it seems that the target can be modelled by one component. The detailed sensing resolution calculation of both monostatic mode and bistatic mode for sensing target can refer to the Table 1.
· The demand of the ISAC service: if the requirement of the sensing service only detect whether there is an intruder, it seems that multiple key components modelling is not needed.
[bookmark: _Ref159160747]Table 1: sensing resolution
[image: ]
[bookmark: _Ref159168214]Proposal 4: The target object can be modelled by one or multiple components based on sensing resolution or the demand of the sensing service.

If the target object is modelled by multiple key components, and for each component, the parameters, e.g., delay, angle, etc, between sensing transmitter and sensing component, and between sensing component and sensing receiver can be calculated via the geometry of the coordinate system.
[bookmark: _Ref159167663][bookmark: _Ref159168216]Proposal 5: For each component of the target object, the sensing parameters are obtained by the math calculation based on the geometry of the coordinate system. 

In TR 38.901 channel modelling, it defines the concept of the cluster and ray. For different scenario, the number of clusters may be different. But for each cluster, it has the fixed 20 rays, and assume all the rays in the same cluster have the same delay. However, for ISAC sensing target channel modelling, we need to consider whether it needs to keep the same concept. From our view, for sensing target channel modelling, all the rays in the same cluster keeping the same delay seems to be not reasonable since the real propagation is not the totally same for different ray. Considering the ISAC sensing service demand, e.g., detect the target’s velocity/range/angle, etc, one possible and simple way is that the sensing target is modelled by multiple key components if needed and for each component only has one ray.
[bookmark: _Ref159168217]Proposal 6: For ISAC sensing target modelling, reconsidering the concept of cluster/ray for sensing, e.g., one component of sensing target can be modelled by one ray/path. 

RCS modelling of target object
The Radar Cross Section (RCS) refers to the measure of the target's ability to reflect radar signals in the field of radar cross-section analysis, and it determines the strength of the radar echo returned from a target. The RCS of an object is influenced by its size, shape, material composition, and orientation with respect to the sensing system. A larger RCS indicates that the target is more easily detectable by sensing, while a smaller RCS implies reduced detectability. For ISAC target modelling, each key component has its own RCS to reflect the component’s characteristic. Regarding whether the fixed value or typical probability distribution or measurement result is used for RCS modelling, it can be further discussed.
[bookmark: _Ref159256390][bookmark: _Ref159168218]Proposal 7: For ISAC target modelling, each key component of the target has its own RCS. FFS: how to define the value.
Regarding how to reflect the RCS in ISAC channel modelling, one straightforward way is to add them in the larger scale parameter, e.g., pathloss. Besides, since each key components can be represented by specific RCS as suggested in Proposal 7, the RCS also needs to be considered in the small-scale parameter.
[bookmark: _Ref159168220]Proposal 8: For ISAC RCS modelling, study how to reflect the RCS in ISAC channel modelling. FFS: LSP/SSP. 

Background channel modelling
For ISAC system, besides the sensing target object, there are also some clutters as interference to affect the sensing performance, e.g., the building, trees, streetlamp, unwanted moving car/humans, etc. For these background environment clutter, we propose the clutter interference can be classified following two types:
· Static clutter interference (i.e., environment object): e.g., building, trees, streetlamp, etc.
· Random clutter interference (i.e., stochastic clutter): e.g., unwanted moving cars/humans, etc.
For the static clutter, its position is known/fixed in the coordinator system, the corresponding parameters can be obtained using the similar mechanism with sensing target modelling. For the random clutter interference, it can be modelled by the stochastic mechanism using the TR 38.901 procedure. 
[bookmark: _Ref159168221]Proposal 9: For ISAC background channel modelling, two channel types are defined: environment object and random clutter.
· environment object: object(s) with known location, and modelling method is similar with the target modelling, the difference is environment object is static in the whole simulation.
· random clutter: object(s) with known location, and it can be modelled using the stochastic mechanism of the TR 38.901 procedure

Propagation path for channel modelling (incl. LOS/NLOS)
In the above section, we have shared our views on how to model the target object and the background. Another important issue is how to define the propagation path b/w sensing transmitter and sensing receiver and whether/how the propagation path is reflected by sensing target and/or sensing background. Also, the discussion is explicitly relevant with the LOS/NLOS condition.
For most of ISAC use cases, the demand of velocity/range/angle detection is increasing. For these detection metrics, the LoS path between sensing transmitter and sensing target and between sensing target and sensing receiver are needed. Otherwise, the NLoS path will lower the detection performance if the reflection position is not known between sensing transmitter and sensing target or between sensing target and sensing receiver.
[bookmark: _Ref163146061]Observation 4: For ISAC, NLoS path will lower the detection performance if the reflection position is not known between sensing transmitter and sensing target or between sensing target and sensing receiver. 
From our understanding, whether there is NLOS path between sensing transmitter and sensing target or sensing target, it also depends on the sensing scenario. E.g., for UAV scenario, the NLOS path can be neglected since it is a LOS dominant scenario. However, it seems that the NLoS path is unavoidable in some real deployment scenario, e.g., urban scenario. But we need to consider the purpose of ISAC channel modelling, if the scenario is NLOS dominant and the reflection position is unknow, it seems that the sensing performance is bound by the channel condition, which is not preferred for evaluating the sensing technic itself, especially for ISAC LLS.
Considering the real deployment scenario and the purpose of defining channel modelling, we suggest, at least, the one hop {between sensing transmitter and sensing target} or {between sensing target and sensing receiver}is LOS propagation path hop as illustrated in Figure 2.
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[bookmark: _Ref163145056][bookmark: _Ref163145051]Figure 2: Example of ISAC propagation path
.
[bookmark: _Ref159168213]Proposal 10: Sensing LOS path is needed for target related ISAC channel modelling, especially for LLS.
· If NLOS path is modelled for target channel in some scenario, it is suggested that the NLOS is reflected by environment object.

Sensing spatial consistency
For communication link, the spatial consistency issue is discussed due to the UE mobility. However, for ISAC sensing service, we assume the position of sensing transmitter and sensing receiver is known in advance for better sensing performance, which means if one of them or both of them is/are moving, their trajectory is known in advance. As discussed in Proposal 5, the parameters of the sensing target are calculated based on the geometry of the coordinate system, thus, it naturally meets the spatial consistency, which also can apply to the static background environment clutter. For random background environment clutter, the TR 38.901 spatial consistency procedure can be as a starting point since the clutter’s moving is random.
[bookmark: _Ref159168222]Proposal 11: For ISAC sensing target and static background environment (i.e., environment object), both naturally meet the spatial consistency since the sensing parameters are calculated based on the deterministic/known information.
[bookmark: _Ref159168223]Proposal 12: For the spatial consistency of ISAC random background clutter, taking TR 38.901 spatial consistency procedure as a starting point. 

3. Conclusion 
In this contribution, it discusses the ISAC channel modelling issues with following observations and proposals:
Observation 1: For ISAC channel modelling, taking TR 38.901 as a starting point.
Observation 2: For communication channel modelling, the propagation between the first and the last interaction is not defined.
Observation 3: System level simulation and link level simulation are two different approaches used for simulating and analysing the system performance.
Observation 4: For ISAC, NLoS path will lower the detection performance if the reflection position is not known between sensing transmitter and sensing target or between sensing target and sensing receiver.
Proposal 1: From ISAC channel modelling perspective, a common channel modelling framework is defined for all six sensing modes, i.e.,  shall include both monostatic mode ISAC channel and bistatic mode ISAC channel.
Proposal 2: For ISAC channel modelling, taking TR 38.901 as a starting point with the deterministic modelling mechanism for the target object.
Proposal 3: For ISAC channel modelling, both system level simulation and link level simulation need to be defined.
Proposal 4: The target object can be modelled by one or multiple components based on sensing resolution or the demand of the sensing service.
Proposal 5: For each component of the target object, the sensing parameters are obtained by the math calculation based on the geometry of the coordinate system.
Proposal 6: For ISAC sensing target modelling, reconsidering the concept of cluster/ray for sensing, e.g., one component of sensing target can be modelled by one ray/path.
Proposal 7: For ISAC target modelling, each key component of the target has its own RCS. FFS: how to define the value.
Proposal 8: For ISAC RCS modelling, study how to reflect the RCS in ISAC channel modelling. FFS: LSP/SSP.
Proposal 9: For ISAC background channel modelling, two channel types are defined: environment object and random clutter.
· environment object: object(s) with known location, and modelling method is similar with the target modelling, the difference is environment object is static in the whole simulation.
· random clutter: object(s) with known location, and it can be modelled using the stochastic mechanism of the TR 38.901 procedure

Proposal 10: Sensing LOS path is needed for target related ISAC channel modelling, especially for LLS.
· If NLOS path is modelled for target channel in some scenario, it is suggested that the NLOS is reflected by environment object.
Proposal 11: For ISAC sensing target and static background environment (i.e., environment object), both naturally meet the spatial consistency since the sensing parameters are calculated based on the deterministic/known information.
Proposal 12: For the spatial consistency of ISAC random background clutter, taking TR 38.901 spatial consistency procedure as a starting point.
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