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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#116 meeting, an agreement on channel modelling methodology for Integrated Sensing And Communication (ISAC) is endorsed in the [1]:
	[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 the agreement, a common framework for ISAC channel model is composed of two key components, i.e. the sensing target and background. However, the details of these two components are under studied. Besides, whether to introduce the environment object(s) and how to model the environment object(s) is for further study.
In this contribution, we investigate the FFSs in the agreement and provide our views and modelling methodologies on these remaining issues. Before discussing the FFSs in the agreement, we would like to recall the channel model framework chart in the feature lead’s summary [2] as follows:


[bookmark: _Ref162182883]Figure 1. The channel framework in [2].
Considerations on the Sensing Target (ST) channel modeling 
2.1 How to model the RCS characteristics of the ST: deterministic scattering pattern
The key aspect of sensing target component is to model the radar cross section (RCS) characteristic properly. Generally, the RCS is based on the radar scattering theory, and the total scattering response of the target can be seen as the coherent superposition of the responses of several local equivalent scattering sources. These equivalent scattering sources are called the scattering center of the target. The simplest scattering center model is a single point model, which uses an ideal scattering point to represent the whole target, and the amplitude and position of the scattering point are modelled as constants. The expanded multi-scattering center uses multiple scattering points to abstractly describe the electromagnetic scattering characteristics of the target, which can more accurately restore the amplitude and the shape information of the target. 
As stated in the objective, the sensing target (can be UAV, vehicle, pedestrian, AGV, etc) is with different sizes and shapes. The typical size (Length x Width x Height) of a UAV and vehicle is 1.6m x 1.5m x 0.7m and 7.5m x 2.5m x 3.5 m respectively. Note that, with 100MHz bandwidth signal for sensing, the sensing resolution in range domain is 1.5m in theory. It implies that a UAV will have a single scattering point while a vehicle is likely to have 4~5 scattering points effectively.
Comparing to the traditional RCS principle, in the communication and sensing scenario, the RCS concept has been extended to a more general meaning. In a propagation channel, the so-called RCS represents the propagation loss impact on the target object. The propagation loss is relevant with the incident angle, polarization and frequency band. Therefore, we can use a scattering pattern to describe this kind of propagation loss.  
Regarding how to apply the RCS pattern on the multiple scattering points. Many researches have studied this issue, e.g. [3] splits the target into foundation geometry tiles to calculate the target scattering characteristics. [4] extracts the scattering clusters and then virtualizes the scattering centres based on the ray tracing simulation for a vehicle. [5][6] investigate the multiple scattering centres based on the scattering theory, e.g., the geometrical theory of diffraction theory. However, for ISAC channel model study, a simplified approach can be considered. For example, the multiple scattering points share the same scattering pattern for the sensing target and the pattern is defined as the amplitude and phase with regards to the incident and scattered angles. With that, for either link between the transceiver and each of the scattering points, since the incident and scatter angle is different for each scattering point, a normalized amplitude and phase value for the scattered ray could be obtained from the pattern with regards to the incident angle for each link individually. 
In order to study the scattering characteristics, measurement campaigns have been conducted as follows for vehicles as shown in Figure 2. The mono-static measurements were conducted at 12 GHz by a frequency-domain vector network analyser (VNA)-based sounder with horn antennas. An automated guided vehicle (AGV) and a real-size car were measured at different azimuth and elevation angles in an anechoic chamber and an outdoor environment on campus of Universitat Politècnica de València, respectively. In the figure, the AGV and the car face Azimuth 0. Elevation 0°  represents the antenna point to the horizontal directional and Elevation 10°represents the antenna has a 10 degree downtilt. The results show that the vehicle RCS values vary with the incident and scattered angles, which cannot be modeled as a omni-directional pattern. 
   [image: ]
Figure 2. RCS measurement campaigns
Observation 1: The vehicle RCS varies with the incident and scattered angles, which should not be simplified as a fixed value.
Proposal 1: Model the vehicle RCS as a deterministic scattering pattern for multiple scattering points constituting a target based on measurements. The RCS for UAV can be simplified as an omni-directional pattern (i.e., a fixed value) with a single scattering point.
· The amplitude and phase of the pattern can be tabulated with regards to the incident and scatter angles.

Considerations on the Environment Object (EO) channel modeling 
3.1 Whether to introduce the environment object in the ISAC channel model
The contributions in [3][8] during RAN1#116 meeting propose to discuss the ‘ghost target’ phenomenon caused by the interaction between the sensing target and transceiver. These propagation paths would change the delay spread, angular spread and doppler related to the target, which affect the sensing performance. Therefore, it is important to investigate the ‘ghost target’ effect on the ISAC propagation channel. We performed the following evaluations to understand how the bounces from environment object will impact the sensing performance. 
In the simulation, we place 4 vehicles (the blue dot position) as the sensing targets in the urban grid street surrounded by building blocks that mimic the environment objects. We place the BS along the street according to [10]. The UEs have been uniformly deployed in the street as a sensing receiver. The simulation results are shown in Figure 3.
In (a): we assume the vehicle interacts with the environment object in practice but the environment object in the channel is not modelled, i.e., the Tx-S (sensing target)-Rx and Tx-S (sensing target)-E (environment object)-Rx rays are generated in the propagation channel. With the results shown in Figure 3(a), there are many ‘ghost targets’ appear in the scenario since the sensing algorithm cannot differentiate the Tx-S-Rx (1bounce) and Tx-S-E-Rx (2bounce) rays, and the sensing performance will be deteriorated significantly.
In (b): we introduce the environment object as known in the channel model. Therefore, the environment object can be treated as a deterministic interference then can be differentiated from the sensing target. From propagation perspective, the sensing algorithm can differentiate the Tx-S-Rx (1bounce) and Tx-S-E-Rx (2bounce) rays as depicted in the figure, i.e. the red dots are reconstructed either on the sensing target or on the environment object.
In (c): With the deterministic environment object modelled, the sensing algorithm can further cancel the environment object and detect the sensing target accurately.
From the evaluation, it can be observed that the environment object intensely impacts on sensing performance and has to be considered in ISAC channel model in such use cases. 
[image: ]
[bookmark: _Ref162375179]Figure 3. Simulation with environment object effect 
For use case with simple environment surroundings, for example, the UAVs with a clear background, the number of environment object can be considered as zero.
[bookmark: OLE_LINK3]Observation 2: It is essential to model ISAC propagation channel involving environment objects explicitly, e.g. walls and ground, in the scenario of automotive vehicles, at least for urban grid, in order to study the effect of sensing ghost targets. For example, the environment objects (e.g., wall and ground) create ‘ghost target’ that cannot be removed from the sensing results if not modelled in the channel.
Proposal 2: Model impact of the environment object in the ISAC channel model, at least in the scenario of automotive vehicles in urban grid.
3.2 How to model the environment object in the ISAC channel model
· How to model the characteristics of the EO: Scattering point or reflective surface? 
As discussed above, environment object such as the ground and side wall of the buildings contribute the main power in a propagation channel. The main propagation interactions on these kind of object are reflections. Therefore, the reflective surfaces can be introduced to model the characteristic of the environment object instead of the scattering points. For example, the urban grid vehicle scenario as referred in TR 37.885. the layout of the scenario is constructed by 9 regular rectangles which mimic 9 buildings. With an simple extension in vertical dimension, a 3D geometrical urban grid layout can be acquired in [9]. In this extended geometrical urban grid layout, the horizontal surface mimic a ground and provide the ground reflection in the channel. The vertical surface in the rectangle mimic a building wall and contribute the wall reflection in the channel.
· Ground reflection: BS-ground-Target-UE/BS-target-ground-UE
· Wall reflection: BS-wall-target-UE/ BS-target-wall-UE
[image: ]
[bookmark: _Ref158123835]Figure 4 The illustration of the environment object reflective surface
Proposal 3: Model the environment object as reflective surfaces instead of scattering points and can be further simplified to be a single specular reflection ray for a given reflective surface.
· How to model the Multi-path components between the EO and ST: deterministic or stochastic?
There are two potential ways to model the MPCs related to the environment object in the ISAC channel model, the stochastic or deterministic way. Paths generated based on stochastic way would result in stochastic ghost targets that would be non-geometrical in nature. These stochastic paths cannot provide any useful information about the sensing target. The sensing algorithm cannot treat these paths as a deterministic interference so as to process it. In another word, the stochastic manner mimics a background noise floor in the propagation channel and useless for interference cancellation. Therefore, the environment object should be modelled in a deterministic manner and provide a predictable information related to the sensing target, which is beneficial for the sensing performance in practice.
To reduce the complexity, the number of interactions between sensing target and environment object can be limited to one, i.e., only Tx-ST-EO-Rx or Tx-EO-ST-Rx link is considered. 
A step-wise procedure for generate the ST-EO rays in the channel model as follows:
Step 1: Define sensing targets and environment objects deployment and layout. The deployment of target should depend on the use cases. For example, in the urban grid scenario, the environment objects can be deployed regularly as a street grid. The vehicle and UE are dropped randomly in the streets. A typical layout can be considered as in Figure 5. The TR 37.885 gives a typical layout for vehicle deployment in urban scenario. Details of the deployment configuration are discussed in [9].
[image: ]
[bookmark: _Ref157623974]Figure 5 The example for the simplified street grid layout
Step 2: Define the material properties of the environment object, including the conductivity and relative permittivity. Some typical material properties are listed in TR 38.901 7.6.8 can be referred as a starting point. 
Step 3:  Calculate the deterministic rays explicitly for Tx-EO-Rx, ST-EO-Rx and Tx-EO-ST links. These rays can be calculated in an explicit way as referred in section 7.6.8 ground reflection in TR 38.901 as shown in Figure 6. 
[image: ]
[bookmark: _Ref158123986]Figure 6 explicit calculation for 1 order reflection rays
Proposal 4: The model propagation path(s) between the target(s) and the environment objects can be modelled as specular reflection, including the explicit ground reflection as in section 7.6.8 of TR 38.901 and explicit wall reflection (i.e., by shifting the ground reflection to wall reflection).
Considerations on the Background channel modeling 
The background component models the clusters from the random objects or the objects that is not mandatory in the scenario environment. This type of clusters contributes low power in the propagation channel and has weak or no interaction with the sensing target. The background channel can be modelled in a classical statistical way with pre-defined distributions, for which the TR 38.901 model can be reused. The background clusters (depicted in Figure 7 B1 and B2) between the Tx/Rx and sensing target are generated following the TR 38.901 distribution and coupled thereafter. In statistic perspective, the B1 coupled B2 links have the same distribution with the Tx-B-Rx link. In another words, the Tx-B-Rx has already modelled the statistic characteristic of the propagation channel between Tx and Rx. 
[image: ]
[bookmark: _Ref162615921]Figure 7 The background component of the channel model between Tx and Rx

In order to normalize the propagation channel power, a factor need to apply to the background to fading the power of the clutter component according to the concerned scenario. 
Observation 3: The propagation path(s)between Tx/Rx and sensing target in either link of Tx-target or target-Rx is not necessarily modelled if the interaction is stochastic. After coupling the NLOS stochastic clusters of the two links, the propagation properties are equivalent to the NLOS clusters following TR 38.901 being modelled between Tx and Rx.
Proposal 5: With the background component between Tx and Rx modelled in a stochastic manner, no need to further model the propagation path(s) between stochastic clusters and the sensing target for either link of Tx-target or target-Rx.
The overall MPCs generation for Tx-Rx
Based on the above discussion, the whole ISAC channel generation overall can be divided into two parts, the deterministic parts and stochastic parts. In order to better understand the explicit MPCs generation clearly, take the Figure 8 as an example, there is one sensing target and one environment object in the propagation channel. 
[image: ]
[bookmark: _Ref162626322]Figure 8 The MPCs for the ISAC channel model
The end to end ISAC channel can be modelled in formula (1):

(1)
 is generated according to TR 38.901. 
The deterministic rays in Figure 8 include the LOS ray, the Tx-S-Rx ray, the Tx-S-E-Rx ray and the Tx-E-Rx ray as follow. 

(2)
For the LOS ray,

(3)
where represent the power of the LOS ray. Note that  in 3GPP TR 38.901 is adopted here. The  and  represent the antenna pattern for Tx and Rx respectively.  is the 3D distance between Tx and Rx.
For the Tx-S-Rx ray,

(4)                                                       

 (5)
where N represents the total number of scattering points of a sensing target whereas N=1 for a single point sensing target. represent the power of the ray from the Tx to the nth scattering point, and then to the Rx, respectively. Note that  is the relative delay of this ray to the LOS ray. , , represent the Tx antenna pattern, Rx antenna pattern and cross polarization matrix of the path, respectively.  represents the amplitude scattering pattern for the sensing target related to incident and scattering angles in both horizontal and elevation planes.
For the Tx-S-E-Rx ray, 

(6)

(7)
where  represents the power of the ray from the Tx to the nth scattering point, and then to the environment object, and then to the Rx.  Note that  is the relative delay of this ray to the LOS ray.  represents the reflection coefficients matrix for parallel and perpendicular polarization according to the TR 38.901 section 7.6.8. The Tx-E-S-Rx ray follows the same procedure.
For the Tx-E-Rx ray,

(8)
where  represents the power of the ray from the Tx to the environment object, and then to the Rx.  Note that  is the relative delay of this ray to the LOS ray.

Conclusions
In this contribution, we further discuss the modelling details of RCS, environment objects, interaction between sensing targets and environment objects in addition to the necessity of such modelling. The observations and proposals are given:
Observation 1: The vehicle RCS varies with the incident and scattered angles, which should not be simplified as a fixed value.
Proposal 1: Model the vehicle RCS as a deterministic scattering pattern for multiple scattering points constituting a target based on measurements. The RCS for UAV can be simplified as an omni-directional pattern (i.e., a fixed value) with a single scattering point.
· The amplitude and phase of the pattern can be tabulated with regards to the incident and scatter angles.

Observation 2: It is essential to model ISAC propagation channel involving environment objects explicitly, e.g. walls and ground, in the scenario of automotive vehicles, at least for urban grid, in order to study the effect of sensing ghost targets. For example, the environment objects (e.g., wall and ground) create ‘ghost target’ that cannot be removed from the sensing results if not modelled in the channel.
Proposal 2: Model impact of the environment object in the ISAC channel model, at least in the scenario of automotive vehicles in urban grid.
Proposal 3: Model the environment object as reflective surfaces instead of scattering points and can be further simplified to be a single specular reflection ray for a given reflective surface.
Proposal 4: The model propagation path(s) between the target(s) and the environment objects can be modelled as specular reflection, including the explicit ground reflection as in section 7.6.8 of TR 38.901 and explicit wall reflection (i.e., by shifting the ground reflection to wall reflection).
Observation 3: The propagation path(s)between Tx/Rx and sensing target in either link of Tx-target or target-Rx is not necessarily modelled if the interaction is stochastic. After coupling the NLOS stochastic clusters of the two links, the propagation properties are equivalent to the NLOS clusters following TR 38.901 being modelled between Tx and Rx.
[bookmark: _GoBack]Proposal 5: With the background component between Tx and Rx modelled in a stochastic manner, no need to further model the propagation path(s) between stochastic clusters and the sensing target for either link of Tx-target or target-Rx.
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