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[bookmark: _Ref165301300]Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]A new study item of channel modeling for integrated sensing and communications (ISAC) has been approved in RAN #102 [1]. Accordingly, in RAN1 #116b [2], the agreements are made as follows:
	Agreement-1:
· 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

Agreement-2:
· 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-3:
· 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

Agreement-4:
· 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

Agreement-5:
· 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

Agreement-6:
· 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

Agreement-7:
· Interested companies are encouraged to submit validation results together with their proposal for ISAC channel modeling
· Up to each company to select the way for validation
· Option 1: Experimental results
· Option 2: Experimental results to validate a ray-tracing model, then the ray-tracing based results to validate the ISAC channel model
· Note: the layout of the scenario used for validation is up to company choice

Agreement-8:
· ISAC channel model for link level simulation is to be discussed after the system level channel model is sufficiently stable with basic functionalities. 



This contribution is organized as follows:
· Concatenation vs. non-concatenation in target channel modeling, including the analysis of pros and cons for different target channel modeling, the reviews of polarization principle, and the mathematical formulation of concatenation.
· RCS modeling, including the analysis of RCS factors, and single scattering point vs. multiple scattering points.
· EO and background modeling.
· Characteristics of LOS/NLOS for sensing target from the perspective of how much LOS/NLOS rays can be potentially contributed to sensing performance in different use cases.
· Channel model formation, including two component channel modeling, as well as the enhancements of Doppler and spatial consistency as additional modelling components.

Common Channel Modeling
Considering the forward compatibility and performance verification in NR and 6G, a common channel model needs to be designed for most of use-cases and sensing modes in various deployment scenarios, which can greatly enhance the effectiveness of ISAC channel modelling study. Based on the SID [1], how to realize a common channel modeling for ISAC should be the focus of the study at a common modelling framework.
Figure 1 illustrates the discussion direction and flow for sensing channel modelling, whereby a common channel model for ISAC can be realized. It can be seen that the most urgent discussion in channel modelling is to determine the methodology of either the concatenation or the non-concatenation for target-related channel modeling. This is because the next discussion, relevant to the polarization due to the propagation environment, the types of objects, the linkage of ray-based path and the RCS, relies on the outcome of how to choose that methodology.
[image: ]
[bookmark: _Ref165919257]Figure 1: Discussion direction and flow for sensing channel modelling.
According to the investigation of pros and cons towards concatenation way vs. the non-concatenation in subsection 2.1.1, at the first step marked by ①,it is believed that many issues may occur if non-concatenation is taken in ISAC channel modelling. In this contribution, therefore, we mainly focus our discussion on the concatenation solution. At the step marked by ②,we start to review the principle of polarization in subsection 2.1.2 because the characteristics of the polarization may seriously affect the concatenation design. In general, the polarization is changed on the way of wave propagation, caused by the dielectric media of object types. At the step marked by ③, hence, we mathematically analyze the object polarization and strive to reuse the legacy property of TR38.901 and realize the concatenation in subsection 2.1.3.
Once such fundamental issues are resolved, at the steps marked by ④-⑤ and ⑥, then, we can parallelly reveal how to model the RCS, including the analysis of RCS factors and single/multiple scattering points, and how to design each path related to target, EO, and background. All these discussions can assist making the progress towards Agreement-2 and -3 listed in section 1. The relevant discussions will be elaborated in subsequent 2.2, 2.3 and 2.4, respectively.
Due to the limited computation resources, it is not possible to select all the paths or rays to form an ISAC channel, and some simplification, approximation, and prioritization are necessary. To this end, at the step marked by ⑦, the selection of useful paths or rays through, e.g., Tx-target-Rx, Tx-target-EO-Rx, or Tx-EO-Rx, should be performed prior to forming the channel, based on how much the LOS/NLOS rays can potentially and precisely reflect sensing performance in different use cases. The relevant discussions will be elaborated in subsequent 2.5.
At the final step marked by ⑧, we determine the necessary parameters for the sensing channel modeling, in consideration of modification and extension, in addition to the enhancements of Doppler and spatial consistency as additional modelling components. Accordingly, then, a sensing common channel potentially towards future sensing performance evaluation can be realized. The relevant discussions will be elaborated in subsequent 2.6, 2.7 and 2.8.
[bookmark: _Ref165979825]Concatenation vs. Non-concatenation in Target Channel Modeling
As depicted in Figure 1, the most urgent discussion in channel modelling is to determine the methodology of either the concatenation or the non-concatenation for target-related channel modeling. In this section, firstly, we elaborate the pros and the cons for different target channel modeling in subsection 2.1.1. Accordingly, we mathematically analyze how to realize the concatenation for target-related channel modeling in subsection 2.1.3. Since the discussion of the concatenation cannot be decoupled with the polarization factor, we review the principle of the polarization in consideration of the different propagation scenarios prior to providing the solution of the concatenation in subsection 2.1.2.
[bookmark: _Ref165963898]Pros and Cons for Different Target Channel Modeling
In this section, we assume that the target is modeled with a single scattering point for the sake of simplicity. For non-concatenation method, as illustrated in Figure 2, the path passing through the target is modeled by a single NLOS cluster in Tx-to-Rx channel. This cluster mainly consists of one-hop reflected ray(s) by target. That reflected ray(s) can be realized according to Tx-target-Rx geometry, while the direct LOS ray and the NLOS rays can be generated by the same LOS/NLOS modeling procedure as defined in 3GPP TR 38.901 [5]. Based on our best knowledge, the non-concatenation method only considers LOS condition of radio propagation in Tx-target and Targe-Rx paths, which is simple but cannot objectively reflect the channel behaviors in the evaluation of the sensing performance in certain scenarios. 
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[bookmark: _Ref165370086]Figure 2: Sensing channel modeled by the non-concatenation method.
For concatenation method, as illustrated in Figure 3, the sensing target is regarded as the intermediate node, and the parameters associated to Tx-target and Targe-Rx paths are generated independently. The channel coefficient of Tx-target-Rx link can be generated based on the methods provided in subsection 2.1.3, and the superimposed influence of NLOS multipath propagation in Tx-target and Targe-Rx paths. By explicitly considering sensing target, the concatenation method is flexible towards different requirements, and able to assist realizing a unified channel model, in consideration of the LOS and NLOS conditions. However, the concatenation method requires a comparably high complexity.
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[bookmark: _Ref165226660]Figure 3: Sensing channel modeled by the concatenation method.
The pros and cons for the non-concatenation and the concatenation methods in the target channel modeling are summarized in Table 1.
[bookmark: _Ref165365210]Table 1: Pros and cons for the non-concatenation and the concatenation method in target channel modelling.
	Modeling method
	Non-concatenation
	Concatenation

	Pros
	1) simple modeling, which can follow TR38.901 NLOS procedure after considering Tx-target-Rx geometry
	1) Model all nodes with known locations, which are helpful in capturing target features
2) NLOS paths in target channel are considered, and the benefits of modeling NLOS discussed in [6] can be achieved, e.g., approaching real channel conditions, investigating the ‘ghost target’, interference elimination, auxiliary sensing
3) Easy to model a unified channel model, including mono-static and bi-static sensing mode
4) Easy to extend and simplify channel based on specific requirements, e.g., whether to include NLOS, whether to model interactive links between EO and target

	Cons
	1) cannot reflect real channel condition in certain scenario only considering LOS condition
2) may result in unreasonable good performance
3) lose the possibility to assist sensing by environment
4) not conducive to modeling a unified channel model, especially for mono-static sensing mode
	1) suffers higher complexity, especially when multiple NLOS path need to be modeled, and need study additional factors, e.g., polarization of target, power distribution



Observation 1:  [bookmark: _Ref166152794]Pros and cons for non-concatenation and concatenation method are analyzed in Table 1, where
· Non-concatenation method only considers LOS condition, and it is simple but cannot objectively evaluate the sensing performance in certain scenarios;
· Concatenation method is flexible for different requirements, able assist realizing a unified channel model, in consideration of the LOS and NLOS conditions, but with higher complexity.
Proposal 1:  [bookmark: _Ref166152840]RAN1 prioritizes the study of concatenation method for target channel modeling.

[bookmark: _Ref165964039]Principle of Polarization
In theory, a plane electromagnetic wave contains four basic characteristics including amplitude, phase, frequency, and polarization. Among them, the depolarization can occur due to two factors. One factor arises from the transmit and receive antennas themselves, where any practical antenna gain pattern can be described in terms of two orthogonal antenna polarization functions (or polarization vectors). In subsection 7.5 of TR38.901, the field patterns of receive antenna element and transmit antenna element represent those functions, defined by two vectors,  and , respectively. The other factor is the radio channel propagation environment, induced on the surface of a dielectric media. Similar to antenna depolarization, the radio channel can be characterized in terms of four orthogonal channel polarization functions, identified by horizontal polarization  and vertical polarization . This factor strongly affects the consequence of the concatenation.
In radio channel propagation environment, mathematically, we define 2×2 polarization coupling matrix (PCM), which describes how the polarization changes on the way from the transmitter to the receiver. The PCM is modeled using the horizontal/vertical cross-polarization ratio (XPR) metrics together with random coefficients. Alternatively, the PCM can be modeled as a Jones matrix in the case of geometrical channels, e.g., mm-wave channels [4]. In subsection 7.5 and subsection 7.6.8 of TR38.901, the PCM realized by XPR bridges the receive antenna element and transmit antenna element.
In sensing scenario, the transmitted sensing signal undergoes some reflection, diffraction or scattering on the object before reaching the receiver. The polarization direction can be changed at the boundary surface between two dielectric media. More precisely, the diffraction, reflection, or scattering at dielectric media can cause the changes of the polarization being a function of the complex-valued dielectric constant of the media and of the angle of incidence. Hence, not only the polarization angle, but also the polarization type might change (e.g., a linear-polarized wave may be changed to a circular- or elliptical-polarized wave). However, how it changes is dependent on what the exact object is, such as the object material, size and shape, and so forth. In general, only metallic-like reflections keep the polarization unchanged. If metallic-like reflections occur, we can use Fresnel equations (or Fresnel coefficients) to model the reflection and transmission coefficients. The channel coefficients in the explicit ground reflection are mathematically modelled by such a simple way in Section 7.6.8 of TR38.901 [5]. It can be envisioned, therefore, if the object is simple with a large enough size (denoted here as object type-2), for instance, we can mimic the same way as the explicit ground reflection to deterministically concatenate the both paths, i.e., Tx-object, and object-Rx.
However, if the impinging wave is diffracted or scattered by a complex object (denoted here as object type-1), a simplified PCM is no longer workable. In such a case, the PCM is often modeled by using random coefficients, similarly to NLOS rays defined in Section 7.5 of TR38.901 [5].
Figure 4 exemplifies the polarization changes due to the reflection, diffraction, and scattering. It can be seen that in case of reflection (say object type-2 in sensing), if an electromagnetic wave keeps within the plane of incidence, according to the Fresnel equations, the polarization is unchanged. Note that the channel coefficient for the ground reflected path is designed by this way. In the cases of diffraction or scattering (say object type-1 in sensing), however, the polarization is randomly changed. The channel coefficient for the NLOS rays defined in Section 7.5 of TR38.901 is designed by this way.
[image: ]
[bookmark: _Ref165892098][bookmark: _Ref165892093]Figure 4: Polarization changes due to the reflection, diffraction and scattering.
Observation 2:  [bookmark: _Ref166152797]The depolarization can occur due to two factors; one factor arises from the transmit and receive antennas themselves, and the other factor is the radio channel propagation environment, induced on the surface of a dielectric media.

Coping with the EO type-1 and EO type-2 defined in Agreement-4 as listed in Section 1, we can commonly define two types of objects in sensing channel modeling, regardless of considering target or EO. One is denoted as object type-1 for a complex object, on which the impinging wave is randomly diffracted or scattered away. The other is denoted object type-2 for a simple object owning a large enough size, on which the impinging wave is deterministically reflected away.
Proposal 2:  [bookmark: _Ref166166428][bookmark: _Ref166166619]RAN1 defines two types of objects in sensing channel modeling:
· One is denoted as object type-1 for a complex object, on which the impinging wave is randomly diffracted or scattered away.
· The other is denoted object type-2 for a simple object owning a large enough size, on which the impinging wave is deterministically reflected away.
· Note: an object can represent either a target or an EO.

[bookmark: _Ref165301506]Mathematical Analysis on Concatenation
In the agreement-3 listed in Section 1, the orientation of the object may affect the RCS of the object. Based on our analysis below, it is believed that the orientation of the object can be modeled in the concatenation procedure, other than in RCS value. The concatenation procedure depends on the depolarization, which changes the characteristic of electromagnetic wave as discussed in subsection 2.1.2.
According to the definition of NLOS coefficient generation in fast-fading model defined in Section 7.5 of TR38.901 [5], the channel coefficients for the -th ray, the -th cluster and the -th receiver and the -th transmitter element pair ,  are generated by the formula, represented as


[bookmark: _Ref165218950]Eq. 1
Thus, the formula in Eq. 1 can be represented by a simple format, that

[bookmark: _Ref165813038]Eq. 2
where  and  are the vectors related to the receive and transmit parameters, respectively,  is the matrix of the initial phase, and is the phase associated with the velocity and the orientation of transmitter and receiver.
In case of LOS with a direct ray, the Eq. 2 can be simplified to

[bookmark: _Ref165813240]Eq. 3
where

Hence, the overall channel can be formed by summing the Eq. 2 and the Eq. 3, if the channel contains both NLOS and LOS rays.
For sensing channel modeling, as illustrated in Figure 5, we assume that the object is modeled with a single scattering point for simplicity, where  the channel coefficient of Tx-object-Rx link, , for NLOS ray, and the channel coefficient of Tx-object-Rx link, , for LOS ray, are generated based on the geometrical and stochastic method, by mathematically modeling the object as the matrix of  and , respectively.
[image: ]
[bookmark: _Ref165967171]Figure 5: Sensing channel modeled by the concatenation.
Here, the channel coefficient vector of object-Rx path for NLOS ray can be formulated as

and the channel coefficient vector of Tx-object path for NLOS ray be formulated as

The channel coefficient vector of object-Rx path for LOS ray can be formulated as

and the channel coefficient vector of Tx-object path for LOS ray be formulated as

Thus, the sensing link of the Tx-object-Rx for NLOS ray after the concatenation (or correlation) between the receiver vector and the transmitter vector can be formulated as

and the sensing link of the Tx-object-Rx for LOS ray after the concatenation (or correlation) between the receiver vector and the transmitter vector can be formulated as

This implies that, with the concatenation, the orientation of the object can be modelled by the matrix of either  for NLOS ray, or  for LOS ray.
It is worth noting that the matrices of  and  may vary over the time, , and instead, it can be modified to  and .
Observation 3:  [bookmark: _Ref166152799]The object can be mathematically modeled by the matrices of  for NLOS ray and  for LOS ray, to indicate how the polarization changes on the way from the transmitter to the receiver.

Besides, the concatenation between NLOS and LOS ray may need to be considered as well. In such a case, the PCM,  or , has to be modeled accordingly.
More practically, the concatenation with a matrix of  and  seems to be respectively de-composited into two vectors as


and

This implies that the object is modeled as a transmit antenna and a receive antenna, respectively bridging the receiver and the transmitter, formulated by the vectors of  and , for NLOS ray and LOS ray.
It should be noted that, in general, the vector  has the same orientation as the transmit antenna, which do not change the polarization on the way from the transmitter to the object. Thus, only vector of  affects the polarization of the link of Tx-object-Rx.
Observation 4:  [bookmark: _Ref166152800]The object can be modeled as a receive antenna and a transmit antenna, respectively bridging the transmitter and the receiver, mathematically formulated by the vector for each.
Proposal 3:  [bookmark: _Ref166152843]RAN1 studies the Tx-object-Rx sensing link, by mathematically modeling the object as a matrix in case of the concatenation method to indicate how the polarization changes on the way from the transmitter to the receiver.

As indicated above, the PCM, , is modeled how the polarization changes on the way from the transmitter to the receiver, but how it changes is dependent on what the exact object is, such as the object material, size and shape, and so forth. In what follows, we define the PCM for two types of the objects, i.e., object type-2 for a simple with a large enough size, and object type-1 for a complex object, which in general characterizes the impinging electrical wave with the diffraction or scattering.
Polarization coupling matrix for object type-2:
In this case, we can mimic the same way as the explicit ground reflection to deterministically concatenate the both paired rays, i.e., Tx-object, and object-Rx. Figure 6 illustrates the system model for the scenario involved with object type-2, where the electromagnetic wave transmitted from the Tx to the Rx propagates through the paired rays, with the angle of incidence, , and the angle of reflection, . According to Fresnel's equations for reflection and transmission,  holds in general.
[image: ]
[bookmark: _Ref165818404]Figure 6: Sensing paired ray for object type-2.
It is worth noting that the angle of incidence, , may be geometrically derived from the Tx location, the object location and the orientation, and the Rx location.
Similar to the case of explicit ground reflection, hence, the PCM can be formed by


where  and  are the parallel and perpendicular reflection coefficients of the object (or reflector), respectively,
defined as


and  is defined as

where the electric constant  is given by 8.854187817... × 10−12 F·m−1, and the parameters of  may need to be determined by the experiment campaign (refer to Table 7.6.8-1 for the material properties in TR38.901).
Proposal 4:  [bookmark: _Ref166152846]Polarization coupling matrix for object type-2 can be modeled by the parallel and perpendicular reflection coefficients of the reflector, and the matrix defined for the explicit ground reflection can be a starting point.

Polarization coupling matrix for object type-1:
In this case, the impinging wave is diffracted or scattered by a complex object, and thus, a simplified PCM is no longer workable. Figure 7 exemplifies the sensing paired ray from Tx-object to object-Rx through object type-1, where the polarization changes on the way.
[image: ]
[bookmark: _Ref165899335]Figure 7: Sensing paired ray for object type-1.
Hence, the PCM is often modeled by using random coefficients, by mimicking the definition in Section 7.5 of TR38.901 [5], as

for NLOS rays, and 

for LOS rays, and the random coefficients are uniformly distributed within .
Similar to what the communication channel defines, the parameters of  and   respectively for NLOS ray and LOS ray should be determined by the experiment campaign. Random XPR value following log-normal distribution defined in TR38.901 can be studied as a start point.
Proposal 5:  [bookmark: _Ref166152848]Polarization coupling matrix for object type-1 can be modeled by using random coefficients, for which the log-normal distribution can be a starting point.

[bookmark: _Ref165226338]RCS Modeling
RCS, , is defined as radar scattering cross section. RCS is a parameter used to characterize the reflective properties of a target when illuminated by radar waves, which indicates the target's ability to reflect radar waves. RCS is a scalar value in m² and corresponds to the intensity of the backscattered energy at the radar’s receiving antenna. A target with a larger RCS will have a more pronounced echo in a radar system, which means that the radar system will more easily detect the target. To make the target characteristic study simple and parallel, different features should be studied separately, e.g., using RCS to reflect amplitude change, which is different from the reflection of polarization change. It is noted that the polarization changes due to the reflection, diffraction and scattering can refer to the discussion in subsection 2.1.
According to the agreements achieved in the last meeting [2], RCS shows dependency to many factors, e.g., the size/material/shape of the object, the incident angle and scatter angle, and the carrier frequency. However, some factors are still FFS, e.g., distance between Tx/Rx and the object, polarization of the transmitter and receiver, and temporal or spatial consistency. These factors may influence the definition of the target RCS. For example, the distance between Tx/Rx and the object may affect whether a target is modelled as a single scattering point or multiple scattering points. Therefore, the RCS should correspond to the whole or a part of the target. Therefore, it will be better to define RCS after studying what factors should be captured for RCS modelling.
Proposal 6:  [bookmark: _Ref166152853]RAN1 should define RCS after studying the factors that affect RCS.

In the following sub-section, the detailed methodology of target RCS modelling are described, including single scattering point and multiple scattering points.
To make the target characteristic study simple and parallel, different features should be studied separately, e.g., RCS reflects amplitude change, which is independent of polarization change. As discussed in subsection 2.1, the XPR defined in TR38.901 can be reused to represent the polarization changes caused by sensing target.
Proposal 7:  [bookmark: _Ref166152855]The RCS and the polarization characterize sensing target in different dimensions and should be studied separately.

Analysis of RCS factors
RCS is defined as radar scattering cross section. RCS is a parameter used to characterize the reflective properties of an object when illuminated by radar waves, which indicates the object's ability to reflect electromagnetic waves.
In fact, the RCS of an object is not a constant value and is related to many factors.
Size of the object:
The size of an object has a significant effect on its RCS. In general, the larger the physical size of an object, the higher its reflectivity in electromagnetic waves, and the larger the RCS occurs. This is because the objects with the large size scatter more electromagnetic waves and therefore return more signal at the receiver, which in turn leads to an increase in RCS.
Orientation of the object:
Regarding the orientation of the object, Subsection 2.1.3 describe the details of how the concatenation of the link between the transmitter, target, and receiver can be realized.
We believe that the polarization of target is the same as orientation of the object, and should be decoupled with the RCS modeling.
The material of the object:
The material of an object has a significant effect on the RCS. Different materials affect the propagation, absorption and scattering of electromagnetic waves, which in turn affects the reflectivity of the object. For example, wave-absorbing materials can absorb the energy of electromagnetic waves, resulting in reducing reflection and scattering. Therefore, wave-absorbing materials can effectively reduce the RCS of the object. Metallic materials usually increase the RCS of an object, due that metallic materials have a high reflectivity and reflect electromagnetic waves more efficiently.
The incident angle and scatter angle:
In bi-static sensing, the transmitter  and receiver pairs are generally separated a distance called the baseline of the system and denoted  as shown in Figure 8. It should be noted that mono-static sensing is a special case of bi-static sensing, where the target range is found directly from measurements of the signal travelling time  from Tx to the target and back to the Rx, i.e., .
[image: ]
[bookmark: _Ref165365735]Figure 8: Bistatic geometry quantities in the bistatic plane defined by Tx, Target and Rx.
A characteristic measure that describes the bistatic geometry is the bistatic angle  (i.e., dependent on incident angle and scatter angle) that is the angle between vectors from the target towards the Tx and Rx. The half of this angle is called the bistatic bisector labelled by . 
According to the derivation of bi-static RCS from monostatic measurements [7], the bi-static RCS is approximately equal to the mono-static RCS at the bisector of the bistatic angle , reduced by the factor , i.e.,

It should be noted that this equation holds under the conditions of sufficiently smooth targets, no shadowing, and retro-reflectors persist.
Observation 5:  [bookmark: _Ref166152806]Bi-static RCS is approximately equal to the mono-static RCS at the bisector of the bistatic angle , reduced by the factor , i.e., .
Proposal 8:  [bookmark: _Ref166245360]RAN1 studies the relation of RCS with incident angle and scatter angle, and the formula  between the mono-static RCS and bi-static RCS can be a starting point.

The shape of the object:
The shape of an object affects the physical processes of reflection, diffraction and scattering of electromagnetic waves from the surface of the object, which in turn affects the magnitude and distribution of the RCS. In general, for a given size, objects with smooth curves and surfaces will typically have a smaller RCS, because these shapes can make signal in a more evenly dispersed way, reducing the reflection and scattering of electromagnetic waves. Conversely, objects with sharp edges and angles typically have a larger RCS, as these shapes result in more scattering and reflections.
Carrier frequency:
Frequency has a significant effect on the RCS of a target. In generally, the RCS of a target increases with the increase of frequency. When at low frequencies, the RCS of a target is usually larger because low-frequency electromagnetic waves have longer wavelengths and can encircle large-sized targets. Whereas at high frequencies, the RCS of a target is usually smaller because high-frequency electromagnetic waves have shorter wavelengths and can easily escape small-sized targets, resulting in reduced reflectivity. Besides, at different frequencies, the change of the RCS of the target is not the same.
Orientation of target:
RCS is a measure of a target's ability to reflect electromagnetic waves, which varies with the target's orientation. Specifically, a target may have different electromagnetic reflection characteristics in different directions. For example, for car, the RCS is high if measured from the front and low if measured from the side or back.
Distance between Tx/Rx and object:
Usually, when the distance between the TX/RX and the object is much larger than the physical dimensions of the object, the object is treated as a single point object rather than an object with dimensions. This implies that the RCS decreases by the distance. When TX/RX are close to the object, the size of the object cannot be ignored and the effect of the actual size of the object on the RCS becomes more significant.
Temporal or spatial consistency:
The RCS of an object is usually not subject to temporal consistency, because the RCS is usually an inherent property of the object and does not vary with time. In radar systems, the RCS for a particular target is usually a static value that does not change over time. However, in space, the RCS of an object varies with the observation angle and position. This means that targets have different reflective properties of radar waves at different directions and locations. Therefore, it is necessary to consider spatial consistency when modeling the RCS of an object, e.g., the analysis of RCS in different orientations and angles can help the receiver to better detect and track the object.
Polarization of the transmitter and receiver, and antenna pattern:
The polarization of an object may impact RCS design. As discussed in subsection 2.1.3, however, RCS should be decoupled with the polarization factor. This is because in the sensing channel coefficients, the field patterns of receive and transmit antenna elements, and the PCM are modeled by both horizontal and vertical components, which represent the antenna orientation and antenna pattern.
Observation 6:  [bookmark: _Ref166152808]There is neither relationship between RCS and polarization of the transmitter and receiver, nor relationship between RCS and antenna pattern.
Proposal 9:  [bookmark: _Ref166152857]RAN1 does not consider the factor of polarization of the transmitter and receiver, the antenna pattern for RCS modeling, and temporal consistency.
Proposal 10:  [bookmark: _Ref166152858]The RCS of an object is related to the distance between Tx/Rx and the object, and spatial consistency.

Single Scattering Point vs. Multiple Scattering Points
In this section, we discuss the scattering modeling of a sensing target in terms of single-point and multi-point modeling. Some differences in between are considered as follows:
· Single Scattering Point
· Usually modeling for simple, small size, or regular shaped target.
· The reflection ability of target in different orientation or part are nearly the same.
· Modeling based on the average reflection characteristics of target.
· Modeling for fast positioning and trajectory tracking of target as use cases.
· Multiple Scattering Points
· Usually modeling for complex, large size, or irregular shaped target.
· There are certain differences between the reflection ability of target in different orientation or part.
· Modeling for the reflection characteristics of different orientation or part of target.
· Modeling for full detection, recognition, analysis of target.
The sensing target to be modelled by single scattering point or multiple scattering point should be discussed in consideration of the specific target type, use case and deployment scenario. For example, in Uma scenario as illustrated in Figure 9, a human can be modelled with single scattering point, while a truck with large size needs to be modelled with multiple scattering point. And some influence factors can also be considered, e.g., the distance between Tx/Rx and the target, and the carrier frequency. 
Proposal 11:  [bookmark: _Ref166152860]The selection of the single or multiple scattering points for modeling a target is discussed at least in consideration of specific target type, use case and deployment scenario.
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[bookmark: _Ref165919042]Figure 9: Sensing target modelling by single point or multiple point scatters.
Besides, it is too complicated to model a point for each ray, especially considering the interaction between different targets and/or points. A more reasonable way is that multiple incoming/output rays correspond to a scattering point, containing a LOS incoming and/or output ray if Tx-target and/or target-Rx link is LOS condition.  The reflective properties of the sensing target represented by this scattering point can be characterized by RCS. The NLOS multipath corresponds to this scattering point can be generated following the generation procedure of cluster in TR38.901 [5],  in Tx-target and/or target-Rx link.
If the sensing target needs to be modelled by  multiple point scatters, first of all,  points should be dropped within a certain range, e.g., the area of N points should limit in the size or shape of the object, to be consistent with the reality. Then the related link of each point can be generated independently in the same way as that of single scattering point. The enhanced spatial consistency introduced in section 2.8 can be applied to ensure the spatial correlation of different points’ link related to the same target.
For multiple scattering points modelling, the RCS of each point can also be realized by the same way as single point scatter. Due to the multiple points belonging to the same target, the RCS of multiple points can either adopt the same value as a special case or generate RCS value independently for each point to differentiate the different reflects from a target.
Proposal 12:  [bookmark: _Ref166152862][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Multiple incoming/output rays correspond to a scattering point, containing a LOS ray.
Proposal 13:  [bookmark: _Ref166152864]The location of the multiple scattering points should be limited to the size/shape range of the target, and the channel of each point can be generated independently by applying enhanced spatial consistency procedure.

[bookmark: _Ref166146246]EO Modeling
In this section, the EO modeling is discussed, including the generation and channel modelling of EO. In the last meeting, EOs are categorized into two types, i.e., type1 and type2, for ease of discussion. EO type-2 refers to the object with extremely large size, e.g., a wall, building, or ground, which is quite different from sensing target. In contrast, EO type-1, e.g., human, vehicle, UAV, AGV, has similar physical characteristics with sensing target.
For the generation of EO type-1, 
· Option1: Random dropping with known position, similar with sensing target. 
· Option2: Determination based on the stochastic cluster information as defined in TR 38.901.
For the channel of EO type-1, 
· Option1: Generate by concatenation/non-concatenation method, similar to sensing target.
· Option2: Use the cluster generation as defined in TR 38.901.
For the generation of EO type-2, a sensible way is to define some special scenarios with deterministic wall, ground or building in it, rather than random dropping. The channel modeling of EO type-2 can use the method described in section 7.6.8 ground reflection in TR 38.901.
Nevertheless, the EO modelling can be done after the target modeling is consolidated. As we discussed in subsection 2.1.2, EO type-1 can follow up the characteristics of object type-1, while EO type-2 can follow up the characteristics of object type-2.

Proposal 14:  [bookmark: _Ref165303547]For EO type-1,
· Using random dropping similar with sensing target or determination based the stochastic cluster information to generate EO type-1.
· Using concatenation/non-concatenation method similar with sensing target or the cluster generation defined in TR 38.901, to generate the channel of EO type-1.
Proposal 15:  [bookmark: _Ref165303555]For EO type-2,
· Modeling to be scenario related, e.g., using measurements to give determined EO configuration, including position, size, number, etc., for some defined typical scenarios.
· Using the method in section 7.6.8 in TR 38.901 to model reflection as the channel of EO type-2.
Proposal 16:  [bookmark: _Ref166152872]EO modelling can be done after the target modeling is consolidated, implying that EO type-1 can follow up the characteristics of object type-1, while EO type-2 can follow up the characteristics of object type-2.

[bookmark: _Ref166146250]Background Modeling
Regarding the channel model of background, the condition without EO modelling should be considered firstly since this is the basic scenario. As shown in Figure 10, the background channel consists of the LOS ray from TX to RX and NLOS ray through B1. The LOS ray and the NLOS ray in the background channel can be generated based on the procedure as defined in TR38.901 since it is the most directly method with minimal modification.



[bookmark: _Ref165884957]Figure 10 The sensing channel model without EO modelling
When the EO is modelled in the sensing channel model, as shown in Figure 11, on the other hand, the background channel contains the links from TX to EO and EO to RX, in addition to the LOS and NLOS link from TX to RX. Regarding the link of TX to EO and EO to RX, it can be modelled as a deterministic link with the known location of EO, which introduces extra complexity and burden for background channel model. It should be further studied that whether or how much the modelling of a deterministic EO is beneficial to the sensing, and how much the complexity and the burden in channel modelling should be taken to model the EO.


[bookmark: _Ref165896937]Figure 11 The sensing channel model with EO modelling.
The channel model of background should consider both factors mentioned above anyway. Nevertheless, the condition considering the EO modelling should be discussed after the basic modelling condition without EO modelling is consolidated.
Proposal 17:  [bookmark: _Ref166152874]The basic case without EO modelling for background channel should be considered with high priority.

[bookmark: _Ref166148057]Characteristics of LOS/NLOS for Sensing Target
According to Agreement-1 listed in Section 1, agreed in RAN1 #116b [2], the four cases of combined radio propagation in the target channel listed in Table 2 are considered for the study. Particularly for Case-4, compared to other cases, although it seems both radiated fields due to the NLOSs offer less intensity, yet it is still essential to some sensing use cases. In what follows, we elaborate the necessity of both LOS and NLOS for sensing in terms of the characteristics of delay-Doppler (DD) domain. It is worth noting that the channel response in DD domain with the sparsity property is most efficient representation for sensing, whereby the detections of target position, Doppler, presence and/or proximity can be realized.
[bookmark: _Ref165207752]	Table 2: Four cases of combined radio propagation in the target channel.
	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



The intruder detection as a use case of smart home detecting the presence and proximity of an intruder relies on analyzing the change of collected signals aligned with the known feature of the activities of indoor human [3]. Here, we try to differentiate the sensing signal properties under the conditions of LOS and NLOS in DD-domain.
It is reasonably assumed that the channel response in either Tx-target path or target-Rx path characterizes the multi-paths regardless of LOS or NLOS, as depicted in Figure 12, for Case-1, Case-2, Case-3, and Case-4.
[image: ]
[bookmark: _Ref165211696]Figure 12: The channel response for different four cases.
If the multi-path channel in the four cases above are represented in DD-domain, the channel responses, each link with three sparse rays as an example, can be illustrated in Figure 13. In Case-1, Case-2, Case-3 and Case-4, there exist nine, six, six, and four sparse points formed by the full-combination between LOS and/or NLOS rays and represented in DD-domain, respectively.
[image: ]
[bookmark: _Ref165212024]Figure 13: The channel response for different four cases in DD-domain.
It can be observed that if a target position detection is required in sensing, the reflected sensing signal in Case-1 offers a most accurate result. If a target Doppler shift estimation and/or presence and/or proximity detection are required in sensing, compared to Case-1, the reflected sensing signal in Case-2, Case-3 and Case-4 are possible to offer a comparable result by means of collecting the channel responses over the Doppler domain. However, the reliability especially for Case-4 cannot be guaranteed due to the weak radiated intensity of each corresponding ray.
To improve the reliability of sensing, averaging the received sensing signals over the time is a simple and efficient way to harvest the sensing SNR gain.
Observation 7:  [bookmark: _Ref166152815]The rays of LOS/NLOS are all useful for sensing; i.e., the ray in Case-1 is essential for the detection of target position, Doppler, and presence/proximity, and the ray in Case-2, 3 or 4 is essential for the detection of target Doppler and presence/proximity.
Observation 8:  [bookmark: _Ref166152817]To improve the sensing reliability, averaging the received sensing signals over the time is a simple and efficient way to harvest the sensing SNR gain.
Proposal 18:  [bookmark: _Ref166152878]The radio propagation in the target channel should be modeled by any combination of LOS ray(s) and/or NLOS ray(s).

[bookmark: _Ref162854214]Two Component Channel Modeling
Based on the agreements reached in last meeting [2], the common framework for ISAC channel model is composed of a component of target channel and a component of background channel as

When the channel model for both target and background is completed, the combination method of the two components should be studied. The number and the power of the cluster in target channel and background channel may be the potential issue that should be addressed at the combination stage. 
In the target channel model, the four cases listed in Table 2 are agreed in the last meeting. It is given that the NLOS ray exist in the TX-target and target-RX links. For the NLOS ray, as a potential generation method, the stochastic generation procedure for the NLOS ray defined in TR38.901 can be reused. One issue may be raised that the NLOS cluster generated in TX-target link, target-RX link and background channel may be repetitive, corresponding to the same reflector or obstacle. Therefore, how to determine the number of NLOS cluster in the final combination channel is an inevitable issue. 
Additionally, whether power normalization for each cluster should be executed is another potential issue. It is stated that the sensing channel model affects the performance of communication link with high interference if the power of each cluster in the sensing channel model is not power normalized after the channel combination.  Consequently, the power normalized for each cluster is essential after the target channel and the background channel are combined. However, the details of how the power normalization procedure for each cluster are executed should be further studied.
Proposal 19:  [bookmark: _Ref166152880]RAN1 studies how to combine the sensing target component and background component in consideration of the power distribution.

[bookmark: _Ref162855848][bookmark: _Ref166149852]Doppler Enhancement
In TR38.901, the Doppler component in channel is defined according to the speed of TX/RX. However, in ISAC system, in addition to TX/RX, the sensing target may also have movement speed or mobility, e.g., UAVs fly through the sky at a constant speed. Hence, the Doppler component in sensing channel should also consider the movement of sensing target. 
Observation 9:  [bookmark: _Ref166152822]The sensing targets may have movement, e.g., UAVs fly through the sky at a constant speed.
Proposal 20:  [bookmark: _Ref166152882]Study the movement speed of targets and the corresponding doppler component caused by the movement of targets.

In addition, in order to ensure the forward compatibility of Doppler in future use cases, the formula of Doppler should be modified to

for both communication channel and sensing channel. The benefit of unifying Doppler formula is to simplify the equation of fast fading channel, only by defining a different Doppler parameter of  corresponding to different use case scenarios.
For instance, in TR 38.901, we define , and  is the spherical receive unit vector,  is the vector of velocity and  is the traveling time.
Proposal 21:  [bookmark: _Ref166152883]RAN1 considers a unified Doppler formula to ensure the forward compatibility of Doppler in future use cases as .

[bookmark: _Ref162855853][bookmark: _Ref165919082]Spatial Consistency Enhancement
Spatial consistency is a key concept, involved in both communication and sensing. The spatial consistency can be classified towards either single-target-related sensing channels or multi-targets-related sensing channels. While TR38.901 has designed the spatial consistency for communication channel, the same mechanism cannot be directly applied for sensing channel. Somewhat enhancement is necessary. In what follows, we discuss the details of how to realize the spatial consistency for sensing channel.
Spatial consistency for single-target-related sensing channels
For ISAC channel based on stochastic approach, to model spatial consistency in single-target-related channels for bi-static and mono-static sensing mode, we consider classifying the channel parameter set into the network level (i.e., all-correlated) and sensing-target-specific level. For network level correlations, on one hand, the corresponding parameter set remains the same as defined in TR38.901. For sensing-target-specific level correlations, on the other hand, the spatial consistency is kept in the parameter sets of channel links from sensing transmitters and sensing receivers to the same sensing target, as shown in Figure 14 (a). When the node(s), e.g., TRP, UE, moves, the relative movement of sensing transmitter and receiver relative to the sensing target needs to be considered to determine the grid position on which the update channel parameter set need to be based.
[image: ]
[bookmark: _Ref157616859]Figure 14: Spatial consistency procedure for bi-static sensing mode.
For mono-static sensing model, the sensing transmitter and sensing receiver are deployed with the same position, which can be considered as a special case of the sensing-target-specific level correlation method. Besides, considering the sensing transmitter and sensing receiver to be regarded as one node for mono-static, the spatial consistency modeling can also follow-up what defined in TR38.901, especially for TRP mono-static. All the parameters and the corresponding correlation types are listed in Table 3.
[bookmark: _Ref157616897]Table 3: Correlation type of channel parameter set.
	Parameters
	Correlation type

	
	TR38.901
	Sensing channel

	Delays
	Site-specific level
	Sensing-target-specific level

	Cluster powers
	Site-specific level
	Sensing-target-specific level

	AOA/ZOA/AOD/ZOD offset
	Site-specific level
	Sensing-target-specific level

	AOA/ZOA/AOD/ZOD sign
	Site-specific level
	Sensing-target-specific level

	Random coupling
	Site-specific level
	Sensing-target-specific level

	XPR
	Site-specific level
	Sensing-target-specific level

	Initial random phase
	Site-specific level
	Sensing-target-specific level

	LOS/NLOS states
	Site-specific level
	Sensing-target-specific level

	Blockage（Model A）
	All-correlated
	All-correlated

	O2I penetration loss
	All-correlated
	All-correlated

	Indoor distance
	All-correlated
	All-correlated

	Indoor states
	All-correlated
	All-correlated



Proposal 22:  [bookmark: _Ref159235806]For sensing channel based on stochastic approach, study the enhanced spatial consistency; the spatial consistency modeling defined in TR38.901 can be a starting point, in consideration of sensing-target-specific network topology method.
Moreover, it is noted that existing spatial consistency modeling in TR38.901 and the proposed spatial consistency modeling for sensing channel are mainly 2D-based. However, for some scenarios, e.g., UAV, 3D-based spatial consistency model may be needed. Luckily, we can modify the proposed 2D-based spatial consistency method easily to support 3D spatial consistency requirements, i.e., firstly extend the 2D grid topology to a 3D grid topology, and then, use 3D interpolation method to get random values.
Observation 10:  [bookmark: _Ref163049095]For some scenarios, e.g., UAV, 3D-based spatial consistency model may be needed; extending 2D-based spatial consistency method still supports 3D-based spatial consistency.
Proposal 23:  [bookmark: _Ref163049159]Extend 2D-based spatial consistency method to support 3D-based spatial consistency for some scenarios, e.g., UAV.

Spatial consistency for multi-targets-related sensing channels
So far, the proposed method mentioned above only considers the spatial consistency of links related to sole target, which cannot guarantee the spatial consistency of links across different targets. As shown in Figure 15, if these targets and UEs are spatially vicinal, the link TRP-Target1-UE1, the link TRP-Target2-UE2 and the link TRP-Target3-UE3 should be relatively correlated.
Observation 11:  [bookmark: _Ref163049097]Spatial consistency for the links through different targets should be considered.
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[bookmark: _Ref162620931]Figure 15: Different links through different targets.
To model spatial consistency for the links through different targets, the method named by “random variable interpolation method” based on the correlated grid topologies, shortly named as RVIM is proposed in section 2.4 of our contribution [8]. In this method, based on the proposed spatial consistency for single-target-related links, the first step is to model the correlation of grids associated with different targets, the second step is to use interpolation method to build spatial consistency in between.
Proposal 24:  [bookmark: _Ref163049162]Study the enhanced spatial consistency for sensing channels through different targets, in consideration of the proposed random variable interpolation method (RVIM) based on correlated grid topologies [8].

Conclusions
In this contribution, we have studied the concatenation vs. non-concatenation in the target channel modeling, the RCS modeling, the EO and background modeling, the characteristics of LOS/NLOS for sensing target, and Channel model formation, including two component channel modeling, as well as the enhancements of Doppler and spatial consistency. The observations and proposals are summarized as follows.
Observation 1:  Pros and cons for non-concatenation and concatenation method are analyzed in Table 1, where
· Non-concatenation method only considers LOS condition, and it is simple but cannot objectively evaluate the sensing performance in certain scenarios;
· Concatenation method is flexible for different requirements, able assist realizing a unified channel model, in consideration of the LOS and NLOS conditions, but with higher complexity.
Observation 2:  The depolarization can occur due to two factors; one factor arises from the transmit and receive antennas themselves, and the other factor is the radio channel propagation environment, induced on the surface of a dielectric media.
Observation 3:  The object can be mathematically modeled by the matrices of  for NLOS ray and  for LOS ray, to indicate how the polarization changes on the way from the transmitter to the receiver.
Observation 4:  The object can be modeled as a receive antenna and a transmit antenna, respectively bridging the transmitter and the receiver, mathematically formulated by the vector for each.
Observation 5:  Bi-static RCS is approximately equal to the mono-static RCS at the bisector of the bistatic angle , reduced by the factor , i.e., .
Observation 6:  There is neither relationship between RCS and polarization of the transmitter and receiver, nor relationship between RCS and antenna pattern.
Observation 7:  The rays of LOS/NLOS are all useful for sensing; i.e., the ray in Case-1 is essential for the detection of target position, Doppler, and presence/proximity, and the ray in Case-2, 3 or 4 is essential for the detection of target Doppler and presence/proximity.
Observation 8:  To improve the sensing reliability, averaging the received sensing signals over the time is a simple and efficient way to harvest the sensing SNR gain.
Observation 9:  The sensing targets may have movement, e.g., UAVs fly through the sky at a constant speed.
Observation 10:  For some scenarios, e.g., UAV, 3D-based spatial consistency model may be needed; extending 2D-based spatial consistency method still supports 3D-based spatial consistency.
Observation 11:  Spatial consistency for the links through different targets should be considered.

Proposal 1: RAN1 prioritizes the study of concatenation method for target channel modeling.
Proposal 2: RAN1 defines two types of objects in sensing channel modeling:
· One is denoted as object type-1 for a complex object, on which the impinging wave is randomly diffracted or scattered away.
· The other is denoted object type-2 for a simple object owning a large enough size, on which the impinging wave is deterministically reflected away.
· Note: an object can represent either a target or an EO.
Proposal 3: RAN1 studies the Tx-object-Rx sensing link, by mathematically modeling the object as a matrix in case of the concatenation method to indicate how the polarization changes on the way from the transmitter to the receiver.
Proposal 4: Polarization coupling matrix for object type-2 can be modeled by the parallel and perpendicular reflection coefficients of the reflector, and the matrix defined for the explicit ground reflection can be a starting point.
Proposal 5: Polarization coupling matrix for object type-1 can be modeled by using random coefficients, for which the log-normal distribution can be a starting point.
Proposal 6: RAN1 should define RCS after studying the factors that affect RCS.
Proposal 7: The RCS and the polarization characterize sensing target in different dimensions and should be studied separately.
Proposal 8: RAN1 studies the relation of RCS with incident angle and scatter angle, and the formula  between the mono-static RCS and bi-static RCS can be a starting point.
Proposal 9: RAN1 does not consider the factor of polarization of the transmitter and receiver, the antenna pattern for RCS modeling, and temporal consistency. 
Proposal 10: The RCS of an object is related to the distance between Tx/Rx and the object, and spatial consistency.
Proposal 11: The selection of the single or multiple scattering points for modeling a target is discussed at least in consideration of specific target type, use case and deployment scenario.
Proposal 12: Multiple incoming/output rays correspond to a scattering point, containing a LOS ray.
Proposal 13: The location of the multiple scattering points should be limited to the size/shape range of the target, and the channel of each point can be generated independently by applying enhanced spatial consistency procedure.
Proposal 14: For EO type-1,
· Using random dropping similar with sensing target or determination based the stochastic cluster information to generate EO type-1.
· Using concatenation/non-concatenation method similar with sensing target or the cluster generation defined in TR 38.901, to generate the channel of EO type-1.
Proposal 15: For EO type-2,
· Modeling to be scenario related, e.g., using measurements to give determined EO configuration, including position, size, number, etc., for some defined typical scenarios.
· Using the method in section 7.6.8 in TR 38.901 to model reflection as the channel of EO type-2.
Proposal 16: EO modelling can be done after the target modeling is consolidated, implying that EO type-1 can follow up the characteristics of object type-1, while EO type-2 can follow up the characteristics of object type-2.
Proposal 17: The basic case without EO modelling for background channel should be considered with high priority.
Proposal 18: The radio propagation in the target channel should be modeled by any combination of LOS ray(s) and/or NLOS ray(s).
Proposal 19: RAN1 studies how to combine the sensing target component and background component in consideration of the power distribution.
Proposal 20: Study the movement speed of targets and the corresponding doppler component caused by the movement of targets.
Proposal 21: RAN1 considers a unified Doppler formula to ensure the forward compatibility of Doppler in future use cases as .
Proposal 22: For sensing channel based on stochastic approach, study the enhanced spatial consistency; the spatial consistency modeling defined in TR38.901 can be a starting point, in consideration of sensing-target-specific network topology method.
Proposal 23: Extend 2D-based spatial consistency method to support 3D-based spatial consistency for some scenarios, e.g., UAV.
Proposal 24: Study the enhanced spatial consistency for sensing channels through different targets, in consideration of the proposed random variable interpolation method (RVIM) based on correlated grid topologies [8].
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