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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#116bis meeting, a set of agreements are reached on channel modelling methodology for Integrated Sensing And Communication (ISAC) as endorsed in the [1]. In the feature lead summary [2], some issues are suggested as follows for further discussion in the next meeting.
	Highlight on some key issues for RAN1#117
Based on the progress in RAN1 #116bis, the following priority order could be considered in RAN1 #117 meeting
1) Details on concatenation or non-concatenation in target channel modelling 
· Detail options on modelling EO
· Detail options on modelling stochastic clutter
2) Details on RCS
· RCS definition
· Detail options on RCS modelling (random vs. deterministic, large scale vs. small scale)
3) Considerations on background channel
· Modelled by EO and/or stochastic clutter?
· Views on background channel modelling for TRP-TRP or UE-UE bistatic/monostatic sensing mode
4) How to combine the target channel and the background channel, e.g., potential power normalization?
5) Details to model target with multiple scattering points




In this contribution, we investigate the FFSs pertaining to the agreement and provide our views as well as the modelling methodologies on these remaining issues. 
RCS modelling
In this section, we will discuss the RCS modelling based on measurement results and discuss the FFSs for multiple scattering points.
	Agreement
· In the target channel between Tx and Rx, scattering of a sensing target can be modelled as single scattering point or multiple scattering points 
· FFS one or multiple incoming/output rays corresponding to a scattering point
· FFS how to select single or multiple scattering points for the target, e.g. depending on the distance between target and Tx/Rx, size/shape of target, etc.
· Note: the sensing target can be assumed in far field of sensing Tx/Rx.
· FFS details to model the single or multiple scattering points
Agreement
RCS of a physical object shows dependency to at least the following factors: 
· Type of the object
· The size of the object
· The material of the object
· The shape of the object
· Orientation of the object
· FFS: Distance between Tx/Rx and the object
· The incident angle and scatter angle
· The carrier frequency
· polarization of the transmitter and receiver
· FFS Temporal or spatial consistency
· FFS antenna pattern
· FFS whether/how to model the above factors in the CR, e.g. with an RCS model with a scattering point



2.1 RCS modelling for UAV with measurement campaign 
The traditional concept of RCS stems from the radar detection field, denoted σ, is a measure of how detectable an object is by radar[wekipedia]. However, the RCS definition has been reconsidered and extended to be more generic in the communication and sensing scenario. In a propagation channel, the so-called RCS represents the scattering loss impact on the target object. The scattering loss is related with the incident angle, polarization and frequency. Therefore, a scattering pattern can be used to describe this kind of propagation characteristic. 
We used a commercially available UAV device for conducting the measurement, and the size is about 350*285*110 mm. We measured the echo power of different angles by rotating the UAV, which is placed in the center of a rotator in the chamber. The rotating angle step is 5 degrees and the measurement frequency is 4.9GHz. The polarization of measurement antennas in both transmitter and receiver are vertical polarization. The RCS value of the UAV extracted from the mono-static measurement results is shown in Figure 1. It can be observed that the UAV RCS value is similar as a omnidirectional scattering pattern and varies slightly with the incident and scattered angle. 
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[bookmark: _Ref165211231]Figure 1 Measurement campaign for the UAV RCS

Observation 1: The UAV RCS values vary slightly with the incident and scattered angle. i.e. the UAV RCS characteristic approximates to omnidirectional scattering.
Proposal 1: Model the UAV value as single scattering point with an omni-directional RCS of -20dBsm.

2.2 RCS modelling for vehicles with measurement campaign 
Furthermore, in order to study the scattering characteristics for vehicles, measurement campaigns have been conducted as follows for vehicle 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. A common car is measured at different azimuth and elevation angles in an outdoor environment on campus of Universitat Politècnica de València as shown in the figure. Wherein the azimuth 0°represents the car front; Elevation 0°represents the antenna point to the horizontal direction and Elevation 10°represents the antenna has a 10 degrees downtilt. The detailed configurations of the measurement campaign are depicted in Figure 2. 
For a good starting reference for measuring RCS for cars, a fairly common vehicle model was used. This measurement corresponds to a 2018 black Nissan Micra dimensioned with 3.99 x 1.73 x 1.45 m. Since the car is external left-right symmetric, we measured the RCS of the car in semicircle as shown in right-top of Figure 2.
The results show that the vehicle RCS values vary with the incident and scattered angles. The left and right side surface contribute the primary power and the front-rear surfaces contribute secondary power. In another words, the left-right side surface and front-rear side surface have different scattering characteristics.
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[bookmark: _Ref166003980]Figure 2 Measurement campaign for the vehicle RCS

Observation 2: The vehicle RCS values vary with the incident and scattered angles. The left/right-side surface and front/rear-side surface of the vehicle show different scattering characteristics.

With the obtained measurement results, the vehicle is divided or modelled with four scattering points with each point representing one side surface. The four scattering points have different orientations in local coordination system (LCS) of the target as shown in Figure 3. 
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[bookmark: _Ref165380345]Figure 3 Model the vehicle with four scattering points representing the four-sided surfaces
For modelling the RCS of the vehicle, the measurement results can be matched to each scattering point. Symmetrically, the left and the right scattering point have the same scattering pattern and the front and the rear scattering point have the similar scattering pattern. The proper polynomial can be used to fit the measured data as shown left-hand of Figure 4 with the minimal RMSE metric to assess the fitting accuracy. 
[image: ]
[bookmark: _Ref165210657]Figure 4 RCS modelling for vehicle modelled with the four scattering points 

As shown in the right-hand of Figure 4, the scattering power pattern for each scattering point (front, back, left, or right) looks similar to the radiation power pattern of a single antenna element as in TR 38.901, so can be tabulated likewise as in Table 1.
[bookmark: _Ref165992131]Table 1 Scattering power pattern of each of the four scattering points for vehicle
	Parameter
	Values

	Vertical cut of the scattering power pattern for each scattering point (dB)
	, where 

	Horizontal cut of the scattering power pattern for each scattering point (dB)
	, where 

	3D scattering power pattern(dB) for each scattering point
	

	The parameters for each scattering point
		Scattering points for vehicle
	n
	
	
	
	 [dB]

	Front
	1
	0
	24.4
	28.1
	11.66

	Left
	2
	90
	15.6
	16
	19.69

	Back
	3
	180
	35.7
	
	13.26

	Right
	4
	-90
	15.6
	
	19.69




	Notes:
 represents the incident and scattering angle for each scattering pattern independently.
 represents the incident and scattering angle for each scattering pattern independently.
The  represents the practical maximum power of the scattering pattern.



With that, the RCS value can be calculated based on the incident and scattering angle of each ray impact on the sensing target deterministically. The details of the calculation and its effect in the channel response generation will be discussed in section 4.
Proposal 2: The vehicle is modelled with at least four scattering points. 
· Each scattering point has distinct orientation in the local coordinate system of the target.
· Each scattering point has the individual scattering pattern as shown in Table 1.
Considerations on the Environment Object (EO) channel modeling 
In RAN1 #116bis meeting, the EO has been discussed widely, which ended with the following agreements reached. In this section, we will discuss the details on EO modelling.
	Agreement
EO is a non-target object with known location. 
· FFS other known parameters of the EO
· FFS details on EO modeling
The following options for EO modeling are considered for further study 
· Option 1: EO is modelled different from a sensing target 
· Applicable at least for an EO having extremely large size (referred as EO type-2 for discussion purpose) 
· FFS modeled similar to section 7.6.8 ground reflection in TR 38.901
· FFS EO modeling impacts the target channel and/or the background channel
· Option 2: EO is modeled same/similar as a sensing target
· Applicable for an EO having comparable physical characteristics as a sensing target, (referred as EO type-1 for discussion purpose)
· FFS Applicable for EO type-2
· FFS EO modeling impacts the target channel and/or the background channel
· Option 3: EO is modeled and its location is determined from a stochastic clutter generated following the cluster generation in TR 38.901
· FFS details
· Option 4: EO is not modelled
· Other options are not precluded
· Note: it is not precluded that multiple options can be supported in the channel modelling



The environment object (EO) modelling essentially entails the deployment, the propagation characteristic and multipath component of the EO.
In terms of these aspects, despite Type-1 or Type-2 EO, the modelling of EO is same or similar to modelling the sensing target as option 2 in the above agreement. In details, EO needs to be deterministically deployed as the sensing target including the 3D location; scattering of EO can also be modelled with a single or multiple scattering point as agreed for sensing target with each scattering point having an RCS pattern.
For example, in the urban grid scenario of TR 37.885, the layout of the urban grid scenario is constructed by 9 regular rectangles mimicking 9 buildings. With extension in vertical dimension, a 3D geometrical urban grid layout can be acquired in [4]. In this extended geometrical urban grid layout, the horizontal surface mimics a ground in the channel and the vertical surface in the rectangle mimics a building wall in the channel. The wall and ground in this scenario is the type-2 EO. 
Further, considering the ground and wall surface is rough in practice, as shown in Figure 5, the rough surface would scatter the incident ray to different directions with different power values, which results in the multi-path component in the propagation channel. Thus, the scattering characteristic of EO could be modelled as multiple scattering points as the sensing target modeling with multiple scattering points. For example, the wall in urban grid [4] with 250m width and 20m height, can be modelled with N scattering points. A similar scattering pattern in proposal 2 can be used to model the RCS for each scattering point.

[image: ]
[bookmark: _Ref165983110]Figure 5 The propagation characteristic scattered from a rough surface
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Figure 6 Scattering of type-2 EO is modelled with multiple scattering points.
Proposal 3: Scattering of EO can be modelled as multiple scattering points.
As discussed in previous meetings [3], the key motivation for modelling the EO is to resolve the ‘ghost target’ issue through the interaction between EO and sensing target. As for option 1 in the agreement that EO is modelled different from a sensing target, it is interpreted as the multiple scattering points of the EO are particularly located in the same surface or the EO is modelled as a surface. The purpose of this particular modelling is to determine the normal of specular reflection from e.g., the wall. In this way, it is a simplified model, e.g., similar as ground reflection in TR 38.901 can be used to model the type-2 EO of a wall with the two major steps as follows:
Step1: calculate the reflection point following the ground reflection method as shown in Figure 7;
Step2: calculate the reflection loss referring to the section 7.6.8 of TR 38.901 and the material property of the EO. e.g. in a central business district, the materials for side wall may be glass mostly.
[image: ]
[bookmark: _Ref165800899]Figure 7 Calculation for reflection point

Based on the above analysis, in order to construct the EO impact on sensing target, the Tx-EO-T-Rx or Tx-T-EO-Rx ray should be modelled, e.g., ground reflection in TR 38.901 could be a starting point for such purpose. Besides, multipaths irrelevant to the sensing target, i.e., Tx-EO-Rx ray can also be modelled additionally, but their impact on evaluating sensing performance should be further studied. 
Proposal 4: Modelling impact of EO in the target channel is needed for Type-2 EO, and the specular reflection from the EO can be a starting point, at least in the scenario of automotive vehicles in urban grid.
· Tx-EO-Rx ray can also be modelled additionally. 

[bookmark: _Ref165897868]The overall MPCs generation for deterministic channel
Regarding modelling the target channel, the following options were identified for further study as agreed in the last meeting [1]:
	Agreement
The following options are considered for further study to model the target channel for a target
· Option 1: modelled by concatenation of path(s) from Tx to target and from target to Rx
· Option 2: modelled by Tx-to-Rx path(s) satisfying Tx-target-Rx geometry
· Option 3: combination of Option 1 and Option 2



For the end-to-end channel, the deterministic parts include the Tx-Rx, Tx-T-Rx, Tx-T-EO-Rx, Tx-EO-T-Rx, Tx-EO-Rx rays.
For the LOS ray,
   (1)
where represent the power of the LOS ray and can be calculated based on the free space propagation equation. 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-EO-Rx ray,

(2)
where  represents the power of the ray from the Tx to the environment object, and then to the Rx, which can be calculated based on the radar equation. Note that   is the relative delay of this ray to the LOS ray. For Type-2 EO, the represents the reflection coefficients matrix for parallel and perpendicular polarization according to the TR 38.901 section 7.6.8. 
The target channel includes the Tx-T-Rx ray, the Tx-T-EO-Rx ray, the Tx-EO-T-Rx ray and the Tx-EO-Rx ray as follows. 

(3)
For the Tx-T-Rx ray,

                                                       

(4)
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 with incident and scattering angles in both horizontal and elevation planes.
For the Tx-T-EO-Rx ray, 


(5)
where  represents the power of the ray from the Tx to the nth scattering point, then to the environment object, and then to the Rx.  Note that  is the relative delay of this ray to the LOS ray. For Type-2 EO, the  represents the reflection coefficients matrix for parallel and perpendicular polarization according to the TR 38.901 section 7.6.8. The Tx-EO-T-Rx ray follows the same formula with swapping EO and n for the subscript of the variables. 

Proposal 5: The target channel includes Tx-T-Rx, Tx-T-EO-Rx, and Tx-EO-T-Rx rays that are modelled in the deterministic manner.
Considerations on the Background channel modeling 
Firstly, we have to discuss what kind of object in the environment need to be modelled as background. 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. 
Secondly, the deterministic components are modelled as LoS ray, Tx-EO-Rx rays, Tx-T-Rx rays, and Tx-T-EO-Rx/Tx-EO-T-Rx rays. This means the main power of the propagation channel has been captured. Thus, we suggest to model the background channel in a classical statistical way with pre-defined distributions, for which the TR 38.901 model can be reused, at the Tx-Rx link.
Furthermore, the statistical generated channel in TR38.901 is normalized by itself. In order to normalize the end-to-end power between Tx to Rx properly, a scaling factor alpha needs to apply in the background channel to attenuate the large-scale path loss. The scaling factor is expressed as the power ratio of the deterministic channel and other components for background as the following equation, which should be scenario dependent since different scenarios have distinct environment objects therein. The scaling factor can be parameterized based on ray tracing simulation.

With that, the large-scale path loss for the background can be calculated as follows:
,
where  is the channel response of the deterministic channel component including Tx-Rx, Tx-T-Rx, Tx-T-EO-Rx, Tx-EO-T-Rx, and Tx-EO-Rx rays as discussed in section 4.
Proposal 6: Introduce a scaling factor defined as the power ratio of the deterministic channel and other stochastic components of the background channel, which can be parameterized based on simulation. 
· The large-scale path loss for the stochastic components of the background channel is scaled with the power of the deterministic channel by the scaling factor.
Conclusions
In this contribution, we further discuss the modelling details of multiple scattering points RCS, environment objects and the modelling, target channel generation and background channel generation. The observations and proposals are summarized as follows:
Observation 1: The UAV RCS values vary slightly with the incident and scattered angle. i.e. the UAV RCS characteristic approximates to omnidirectional scattering.
Proposal 1: Model the UAV value as single scattering point with an omni-directional RCS of -20dBsm.
Observation 2: The vehicle RCS values vary with the incident and scattered angles. The left/right-side surface and front/rear-side surface of the vehicle show different scattering characteristics.
Proposal 2: The vehicle is modelled with at least four scattering points. 
· Each scattering point has distinct orientation in the local coordinate system of the target.
· Each scattering point has the individual scattering pattern as shown in Table 1.
Table 1 Scattering power pattern of each of the four scattering points for vehicle
	Parameter
	Values

	Vertical cut of the scattering power pattern for each scattering point (dB)
	, where 

	Horizontal cut of the scattering power pattern for each scattering point (dB)
	, where 

	3D scattering power pattern(dB) for each scattering point
	

	The parameters for each scattering point
		Scattering points for vehicle
	n
	
	
	
	 [dB]

	Front
	1
	0
	24.4
	28.1
	11.66

	Left
	2
	90
	15.6
	16
	19.69

	Back
	3
	180
	35.7
	
	13.26

	Right
	4
	-90
	15.6
	
	19.69




	Notes:
 represents the incident and scattering angle for each scattering pattern independently.
 represents the incident and scattering angle for each scattering pattern independently.
The  represents the practical maximum power of the scattering pattern.



Proposal 3: Scattering of EO can be modelled as multiple scattering points.
Proposal 4: Modelling impact of EO in the target channel is needed for Type-2 EO, and the specular reflection from the EO can be a starting point, at least in the scenario of automotive vehicles in urban grid.
· Tx-EO-Rx ray can also be modelled additionally. 

Proposal 5: The target channel includes Tx-T-Rx, Tx-T-EO-Rx, and Tx-EO-T-Rx rays that are modelled in the deterministic manner.
Proposal 6: Introduce a scaling factor defined as the power ratio of the deterministic channel and other stochastic components of the background channel, which can be parameterized based on simulation. 
· The large-scale path loss for the stochastic components of the background channel is scaled with the power of the deterministic channel by the scaling factor.
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