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[bookmark: _Ref513464071]Introduction
SID for channel modelling for ISAC was approved in RAN#102. In the study, scenarios related to detecting and/or tracking an object are to be considered and corresponding channel models will be studied. Based on the agreement made in RAN1#116b [1], we discuss RCS modelling and details of the channel models that need to be considered in this contribution.
[bookmark: _Hlk101726869]ISAC scenarios
RCS modelling
Details related to RCS modelling
Deterministic modelling requires high complexity for RCS modelling; it may require field trials to obtain accurate RCS model parameters. Statistical modelling lowers complexity. Segmentation of the object may lower complexity for deterministic RCS modelling. However, the number of segments will depend on the distance between transmitter and target. For example, a single point model may be applicable if Tx and target are far apart. A multi-point model may be considered if the transmitter and target are close. In addition, the orientation of the target can influence RCS modelling. Different object types within a sensing object category need to be considered; a vehicle can be a car, tractor, truck, for example.
In addition, “with a minimum size dependent on frequency” for intruder detection, the SID indicates that for RCS the study may need to consider size/shape (e.g., multi-point) and function of frequency. Furthermore, the distance between Tx or Rx and object affects near-field/far-field modelling and the near/far field modelling can affect both deterministic and statistical RCS modelling.
RCS of an object is the equivalent area seen by the Rx, measured by m2 or dBsm (dB square meter). As discussed in [2], the following parameters can impact the RCS of an object: 
· Frequency/wavelength of transmitted signal
· Angle of incidence and scattering to the target object
· Shape of target object
· Size of target object
· Material property of target object
· Mobility of target object
· Distance between Tx/Rx and object
To clarify the purpose of RCS in channel modelling, we need a definition for the RCS. Thus, the following proposal is made based on the definition used in [2].
Proposal 1: Radar Cross Section (RCS), expressed in dBsm (dB square meter), is a value representing the radio wave scattering characteristic of an object, dependent on at least frequency and angle of incidence of the radio wave, and type of the object
Deterministic RCS Modelling
Deterministic modelling for simple object shapes has been extensively studied in the literature. The authors in [3] have listed mathematical models for RCS modelling of simple geometric shapes (e.g., cylinder, rectangular plate, sphere, etc.). RCS formulas [3] for these simple shapes are listed in Table 1 below. 
Table 1: RCS of simple geometric shapes
	Object Shape
	RCS formula

	Sphere 
	 (In any direction) where  is radius of a sphere

	Rectangular flat plate
	 (In main direction) where  is the area of the plate,  is the wavelength

	Cylinder
	 (In main direction) where h, r and  are height, radius and wavelength, respectively 


As the complexity of object increases, it becomes difficult to derive an RCS formula. For complex objects (e.g, human, car etc..) multipoint (multi-segment) approach is proposed in [4]. In this approach, a complex object is divided into multiple smaller segments and overall RCS of the object () is calculated through averaging the RCS contribution of the individual segments. This approach can be generalized to model RCS of complex objects of any shape. 
We evaluated the multi-point approach by simulating the deterministic RCS for a square plate and analyzed how RCS values can vary as a function of scattering angle and frequency. The details of the analysis are shown in [5].  
Statistical RCS modelling
An alternative to deterministic RCS modelling approach is the statistical approach. The statistical approach offers lower complexity compared to the deterministic approach for RCS modelling. In a statistical approach, RCS of a specific type of object (e.g., human, car etc..) can be modelled based on a predefined statistical distribution. The authors in [6] propose to model human RCS through a uniform distribution with minimum value of -20 dBsm and maximum value of 0 dBsm, respectively. Variance in RCS implies different conditions associated with a human body (e.g. clothes made from different materials). After conducting RCS measurements, authors in [2] observe that RCS of a vehicle is angle dependent and hence propose the use of Log-Weibull distribution to model RCS of vehicles (including cars) and Log-normal distribution to model RCS of humans, respectively. Statistically modelled human RCS values using a uniform distribution (proposed by [5]) for different scattering angles are captured in Figure 1. Corresponding evaluation assumptions are shown in Appendix A.
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[bookmark: _Ref158985454]Figure 1 RCS vs. UE scattering angles using statistical RCS generation
In addition, whether the single point or multiple-point modelling should be applied to a sensing target should be based on the distance between the sensing target and sensing Tx/Rx. For example, if the sensing target is located far from the sensing Tx, the reflection point at the target can appear as a single point. On the other hand, if the sensing target is close to the sensing Tx, multiple reflection points may need to be modelled for the target. It should be noted that the following agreement was made in RAN1#116b regarding consideration for the distance between sensing Tx/Rx and object to determine whether single or multiple scatter points should be considered for the sensing target.

	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


Considering complexities in modelling, the following proposals are made.
Proposal 2: For modelling physically complex sensing targets (e.g., human), use statistical RCS modelling as baseline. 
Proposal 3: At least the distance between the sensing target and sensing Tx/Rx should determine whether segmentation-based (multi-point scatter) or single-point modelling should be applied to the sensing target
In RAN1#116b, the following agreement was made. Spatial consistency should affect the RCS characteristics. For example, movement of the target over a time window may need to be tracked to determine the RCS at each reflection occasion. We may need to define an RCS function which considers target’s movement into account.
	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


Thus, the following proposal is made.
Proposal 4: RCS of a sensing target depends on temporal or spatial consistency of the sensing target.
Channel modelling
Stochastic vs. ray-tracing/map based channel modelling
Two methods of channel modelling have been proposed so far, namely stochastic channel modelling and ray-tracing based approach. While stochastic channel modelling can be validated with simulations across companies, ray-tracing approach requires field trials for modelling and validation. To develop a model that can be validated by companies in 3GPP, we propose to adopt stochastic channel modelling as the baseline and study the need for ray-tracing based channel modelling for ISAC channel modelling.
It should be noted that map-based hybrid model is included TR38.901 [7] to capture actual building, walls, etc. For ISAC, there are too many scenarios with diverse environments which makes calibration between companies more challenging for map-based modelling. 
Proposal 5: Support stochastic ISAC channel modelling as baseline and focus on characterizing the Tx-Target-Rx link.
Proposal 6: Work on stochastic ISAC channel models is prioritized over Ray-tracing or map-based ISAC channel modelling where the latter should be studied only if time permits 
Background channel
The following agreement was made in RAN1#116 [8].
	[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


The channel model used as the common framework is shown below.

 can be modelled using channel generation described in TR 38.901.  needs to consider two links, namely one path between Tx and target (Tx2T link) and another path between target and Rx (T2Rx link). Whether Tx2T and T2Rx link are to be modelled separately should be discussed. An illustration of target and background channel is shown in Figure 2.



[bookmark: _Ref166071428]Figure 2 Relationship between Background channel and Tx-target-Rx channel
Communication channel coefficients are generated using legacy TR 38.901 [7].  However, in the baseline communication channel, the coefficient time delays are normalized to begin at time zero. Clearly, sensing channel coefficient time delays should not be normalized so that estimating the object location can be properly computed. Therefore, when combining these two channels, the communication coefficient delays should not be normalized.  Fortunately, TR 38.901 defines an algorithm to use absolute arrival times under “Additional modelling components” (Section 7.6.9), which we can utilize for the communication channel.  

The sensing channel is modelled as two segmented channels, i.e. 1.) from Tx to Object, 2.) from Object to Rx.  Each of these channels is modelled following the same procedures from legacy TR 38.901 but using only an LOS ray per object segment.  The N segmented channels are then combined, and the individual delays are added as shown below.



· : delay from the Tx to the object segment .
· : delay from object segment  to the Rx.
· : delay between each receiver and transmitter pair u, s.
· [bookmark: _Hlk158914855]: channel coefficients for Sensing link between each receiver and transmitter pair u, s.

In the current version of TR 38.901, channel coefficients are generated as per equation 7.5-30 when Tx-Rx link is in LOS condition and as per equation 7.5-27 when Tx-Rx link is in NLOS condition. 
		
By introducing a coefficient  to control the relative scaling between these sensing target and clutter, we modify the channel coefficients equation in current version of TR 38.901 to generate combined sensing and communication channels. We modelled  as the uniformly distributed random variable between 0 and 1. The equations below illustrate how the channels are combined in both LOS (1) and NLOS (2) case for Tx/Rx link. 
	(1)

                                                                   (2)
where the coefficients in (1) and (2) are defined as follows: 
· : channel coefficients for combined communication and sensing channel. 
·  : channel coefficients for LOS communication channel between each receiver and transmitter pair u, s 
·   channel coefficients corresponding to background clutter modelled as a part of communication channel between each receiver and transmitter pair u, s

An example of impulse channel response which contains both target and background channels are plotted in Figure 3. Detailed scenario parameters are described in Appendix B.
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[bookmark: _Ref159163572]Figure 3 Channel coefficients of combined communication and sensing channel
Relationship between a communication cluster (e.g., clusters defined in TR 38.901) and sensing cluster may require more studies. A sensing cluster may have location information since the cluster can be a target which reflects transmitted signals. If a sensing cluster is contained within a communication cluster, it should be clarified whether the communication cluster should have location information. Whether the communication cluster has sensing related information or sensing cluster has sensing related information needs to be considered also.
Spatial and temporal consistency for moving target, or relative movement of Tx or Rx with respect to the target in ISAC channel models should be studied. Both spatial and temporal consistency between the two links should be considered, considering same mobility for obstacle and direction of movement. We propose to model two links, namely Tx to object and object to Rx, separately since LOS/NLOS condition can be modelled separately for each link, providing more flexibility in modelling. 
Proposal 7: Study spatial and temporal consistency for moving target, or relative movement of sensing Tx or Rx with respect to the target in ISAC channel model.
Determination of LOS/NLOS condition
In RAN1#116b, the following agreement was made.
	Agreement
The following cases of radio propagation in the target channel are considered for the study

	Case
	Tx-target 
	Target-Rx 

	1
	LOS condition
	LOS condition

	2
	LOS condition
	NLOS condition

	3
	NLOS condition
	LOS condition

	4
	NLOS condition
	NLOS condition



· Case 1/2/3/4 can be considered for bistatic sensing mode
· At least Case 1/4 can be considered for monostatic sensing mode
· Note: It doesn’t imply the channel response for each link is separately generated then concatenated
· FFS how to determine LOS condition and NLOS condition, e.g., based on LOS probability, or determined based on geometrical locations of environment object (EO).
· In LOS condition, line of sight ray(s) are present between Tx/Rx and target, and there may or may not exist non-line of sight ray(s) between Tx/Rx and target too
· In NLOS condition, there only exist non-line of sight ray(s) between Tx/Rx and target


One of the FFS points is about determining the LOS/NLOS condition for each link. According to the current channel modelling methodology described in TR 38.901, LOS/NLOS status is determined based on the distance between Tx and Rx. For example, a short distance between Tx and Rx means there’s more likelihood to have the LOS condition. In addition, in industrial IoT scenarios, LOS/NLOS status is determined based on the size of a clutter. For example, larger the clutter, more likelihood for the NLOS condition to occur. Similarly, LOS/NLOS condition between the target and Tx or Rx can be determined based on the distance and clutter size.
Proposal 8: LOS/NLOS condition for Tx-target or Target-Rx link is determined based on the distance between the target and Tx or Rx and clutter size.
The following FFS points are mentioned in the agreement. If NLOS paths are present between Tx-target link or target-Rx links, H_target should contain all multipath components.
	· 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) 


Proposal 9: H_target should contain all multipath components if NLOS is applicable to either Tx-object or object-Rx link.
Environmental Objects
The following agreement was made regarding environment objects (EO). From our perspective, EO such as road or walls of buildings Is considered. As ground reflection is already considered in TR 38.901, we support to continue to incorporate the EO in ISAC channel models. EO under Option 1 should be included in the background channel as ground or wall reflection can be considered as background noise compared to the target.
Proposal 10: Adopt Option 1, EO type-2, in the background channel
	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


Under Option 2, EO is modelled same or similar as a sensing target. For example, both target and EO can be a UAV with similar size. Impact of modelling Eos under Option 2 requires further studies. For example, LOS/NLOS condition for Tx-target or target-Rx link can be affected by the location of the EO. Since EO has an absolute location, LOS and NLOS condition may depend on the EO’s location relative to sensing Tx/Rx or target. This may mean that ray-tracing like methods need to be used to determine LOS and NLOS conditions. An illustration of dependence of LOS/NLOS condition on the location of EO is shown in Figure 4. It should be noted that determination of LOS/NLOS condition in the presence of EOs may affect stochastic methods of determining LOS/NLOS condition.


[bookmark: _Ref166064478]Figure 4 Illustrations of dependence of LOS/NLOS condition on the location of EO
In addition, interactions between object and EO may need to be modelled for accurate modelling. An example of interaction between EO and target may be rays bouncing from EO to the target, i.e., multi-bounce. Furthermore, if the path between EO and target or Tx/Rx needs be considered, we need to discuss whether LOS/NLOS conditions between each path in the multi-bounce needs to be modelled.


Figure 5 Illustrations of multi-bounce effect between EO and target
Observation 1: If EO type-1 is incorporated in the target channel model, LOS or NLOS conditions for Tx-target and target-Rx links depend on the absolute location of EO
Observation 2: If EO type-1 is incorporated in channel modelling, multi-bounce effect between EO and target increases complexity in modelling
Based on the above observations, the following proposal is made. 
Proposal 11: If EO type 1 is incorporated in ISAC channel models, following aspects should be taken into account with additional complexity and feasibility study:
· Determination of LoS/NLoS condition for Tx-target or target-Rx link based on EO locations
· Multi-bounce effect between EO and target and determination of LoS/NLoS condition for each bounce
Determination of near-field region
As discussed in [9], channel modelling for far-field and near-field needs to be considered separately, as near-field and far-field consider spherical and planar wavefront, respectively. The following agreement was made in RAN1#116b. 
	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


In the above agreement, the sensing target is assumed to be in far field of sensing Tx/Rx. Under the assumption, we should define a region, relative to sensing Tx/Rx, under which the near-field channel models are assumed. EOs and targets should be placed outside of the regions. An illustration of Rayleigh distance around sensing Tx and Rx is shown in Figure 6.


Figure 6 Illustration of Rayleigh distance around sensing Tx/Rx
In FR3 channel modelling, Rayleigh distance serves as the threshold for the near-field region. Beyond the Rayleigh distance, far-field channel models can be assumed. The Rayleigh distance is calculated based on the dimension of Tx and Rx panel in FR3 channel models. For ISAC channel modelling, to determine Rayleigh distance for Tx-target or target-Rx links, we need to determine whether Tx/Rx dimension should be considered for the target. As indicated in the above agreement, the target can consist of single or multiple scattering points. When considering a single scattering point, Tx or Rx dimension at the target can be considered to be negligible. However, if partitioning of the surface of a large target is assumed for multiple scattering points,  there may be a need to discuss whether Tx or Rx dimension should be considered at the target.
Proposal 12: To determine the region where far field modelling can be assumed, study how Rayleigh distance can be calculated for ISAC channel models considering single/multiple scattering points to represent a target
In addition, the Rayleigh distance may affect the evaluation assumptions. For example, it may restrict where targets or EOs can be dropped with respect to the sensing Tx and Rx. Examples of Rayleigh distance considering a metal-plate target (single scattering point) is shown below. The Rayleigh distance can be defined as: 

where D is the antenna aperture of Tx/Rx and  is the wavelength corresponding the center frequency. In Table 1, values for Rayleigh distance are presented for different frequencies and antenna aperture sizes.  

[bookmark: _Ref166148701]Table 1 : Rayleigh distance for different frequencies and antenna aperture sizes
	Frequency
	Wavelength (m)
	Antenna aperture (m)
	Rayleigh Distance (m)

	3.5 GHz
	0.085
	0.240 (Sensing Tx)

Antenna configuration: (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1) [13]

	1.36

	3.5 GHz
	0.085
	0.085 (Sensing Rx)

Antenna configuration: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1) [13]

	0.17

	28 GHz
	0.010
	0.044 (Sensing Tx)

Antenna configuration: (M, N, P, Mg, Ng) = (4, 8, 2, 1, 1) [13]

	0.40

	28 GHz
	0.010
	0.014 (Sensing Rx)

Antenna configuration: (M, N, P, Mg, Ng) = (2, 2, 2, 1, 1) [14]

	0.04


Micro Doppler characteristics
As discussed with examples in our companion contribution [10], Micro-Doppler characteristics can be used to distinguish the intended object from unintended objects. Micro-Doppler frequency shift results from the motion/rotation/vibration of a target or a structure on the target beside its main motion. The scattered waves, reflected against an obstacle, are phase-modulated according to the vibration/rotation motion of that specific part such that the received signal can be expressed as [10]:
			(3)
where ,  is the vibration/rotation amplitude, 𝜔 is the vibration/rotation angular frequency, 𝜙 is the total residual phase, is Bessel function of the first kind and 𝑛-𝑡ℎ order. Therefore, the ISAC channel model should realize changes in amplitude, frequency, and phase in signals reflected against an object due to Micro-Doppler effects caused by the object’s movement. Therefore, we make the following proposals: 
Proposal 13: Support to incorporate Micro-Doppler characteristics in ISAC channel models.
Proposal 14: Support changes in amplitude, frequency, and phase in signals reflected against an object due to Micro-Doppler effects caused by the object’s movement.
Coupling Tx-object and object-Rx links
The following agreements are made regarding how to link Tx-object and object-Rx links. Option 1 considers concatenation of two links. Option 2 considers locations of objects and attempts to reuse the channel modelling technique in TR 38.901 to model two links jointly.
	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


In terms of accuracy of modelling, two links should be modelled separately as we can consider LOS/NLOS conditions for each link. Moreover, linkage between two links can be modelled using concatenation approach (e.g., LOS ray from sensing Tx bouncing at the target and reaching sensing Rx). Finally, existing stochastic channel modelling approaches can be reused in concatenation approach. Thus, the following proposal is made.
Proposal 15: Support Option 1, “modelled by concatenation of path(s) from Tx to target and from target to Rx” when modelling the target channel
In terms of details of concatenation, convolution based concatenation is proposed which attempts to link all possible rays between Tx-target and target-Rx links. Although the convolutional approach may be exhaustive, modelling complexity may increase exponentially as the number of rays increases for each link. 
Observation 3: Convolutional based concatenation may increase modelling complexity
Our proposal is to link, at least LOS ray that is reflected off the target between two links to minimize computational complexity to track all rays. NLOS rays may be modelled by stochastic clusters in the channel model. An illustration of the LOS ray that should be traced is shown in Figure 7


[bookmark: _Ref166141251]Figure 7 Illustration of a tracked LOS ray
Thus the following proposal is made
Proposal 16: Trace at least LOS ray between Tx-target and target-Rx links in the target channel
Sensing coverage area
In sensing, a sensing coverage area can be defined an area which includes only the possible points for which the UE or network can localize an object within a specific accuracy requirement. An example is depicted in Figure 8 where the sensing coverage area may be defined by a major and minor axis and  indicates the propagation distance from the Tx to the UE via an object at the edge of the area. An object that is located far, with respect to Tx or Rx, may be deemed not detectable or locatable since the received power for the reflected signal may be too weak. The received power should be strong enough to determine the presence of the object.
A similar concept can be found in positioning evaluation scenario. In positioning evaluations, a “convex hull” was defined for the indoor factory scenarios to define where a UE can be dropped so the positioning system can obtain reasonable accuracy. The convex hull is an area that is surrounded by TRPs and the UE located within the convex hull can be located accurately, compared to the UEs located outside of the convex hull (e.g., corner of the factory hall).
To visualize the area in which an object can be detected or localized with reasonable accuracy, an example of received power, incorporating the RCS characteristics of the plate, is shown in Figure 7, where the TRP and UE are located at the coordinate (x,y)=(10, 30) meter and (x,y)=(110, 30) meter, respectively. The presented analysis is applicable to bi-static sensing and we assume TRP and UE as Tx and Rx, respectively. 
As near-field channel modelling is still under the discussion in 3GPP, received power when the plate is near the Tx or Rx is not included in the figure. In this experiment, we assume antenna aperture size of 0.24 m for Tx and 0.085 m for Rx. As presented in Table 1, Rayleigh distance values corresponding to these aperture sizes for 3.5 GHz carrier frequency are 1.37 m and 0.17 m respectively.  To avoid dropping objects in near field, we consider minimum distance between gNB and Object equals to 2 m and minimum distance between UE and Object equals to 1 m. In addition, the received power when the plate is placed along the LOS path is not indicated in the figure since blockage effect is not considered in the evaluation. 
In the evaluation, a metal plate is dropped in a  grid and simulation is repeated for each grid placed systematically across the indoor factory hall, and received power of the reflected signal from the plate is recorded for each drop of the plate.
As the figure shows, relatively higher received power is obtained from an object placed near the LOS path and diminishing received power is observed when the object is placed further away from the LOS path. Pathloss used in the simulation is calculated based on following formula [12]. 
[bookmark: _Hlk163225859]		(4)
· : Distance between Tx to the object.
· : Distance between object to the Rx.
· : RCS of sensing object.
· : wavelength corresponding to carrier frequency.
Symmetric and concave shape of the received power is due to the change in the incident angle from different relative locations, with respect to the UE or TRP, of the dropped plate. Change in the incident angle results in different values for RCS, which is one of the factors in changing received power. 
Based on the above observations, the following proposal is made.
Proposal 17: Define a sensing coverage area for the ISAC channel model where the area includes only possible points for which the UE or network can localize an object within a specific accuracy requirement. 
Whether or not material absorption is factored into the definition of sensing area can be left for further study.
[image: ]
[bookmark: _Ref163139952]Figure 6 An illustration of a sensing coverage
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[bookmark: _Ref163140137]Figure 7 Received power measured by the UE when an object (plate) is placed at  grid in the InF hall

Conclusion.
In this contribution, the following observations and proposals are made.
Proposal 1: Radar Cross Section (RCS), expressed in dBsm (dB square meter), is a value representing the radio wave scattering characteristic of an object, dependent on at least frequency and angle of incidence of the radio wave, and type of the object
Proposal 2: For modelling physically complex sensing targets (e.g., human), use statistical RCS modelling as baseline. 
Proposal 3: At least the distance between the sensing target and sensing Tx/Rx should determine whether segmentation-based (multi-point scatter) or single-point modelling should be applied to the sensing target
Proposal 4: RCS of a sensing target depends on temporal or spatial consistency of the sensing target.
Proposal 5: Support stochastic ISAC channel modelling as baseline and focus on characterizing the Tx-Target-Rx link.
Proposal 6: Work on stochastic ISAC channel models is prioritized over Ray-tracing or map-based ISAC channel modelling where the latter should be studied only if time permits 
Proposal 7: Study spatial and temporal consistency for moving target, or relative movement of sensing Tx or Rx with respect to the target in ISAC channel model.
Proposal 8: LOS/NLOS condition for Tx-target or Target-Rx link is determined based on the distance between the target and Tx or Rx and clutter size.
Proposal 9: H_target should contain all multipath components if NLOS is applicable to either Tx-object or object-Rx link.
Proposal 10: Adopt Option 1, EO type-2, in the background channel
Observation 1: If EO type-1 is incorporated in the target channel model, LOS or NLOS conditions for Tx-target and target-Rx links depend on the absolute location of EO
Observation 2: If EO type-1 is incorporated in channel modelling, multi-bounce effect between EO and target increases complexity in modelling
Proposal 11: If EO type 1 is incorporated in ISAC channel models, following aspects should be taken into account with additional complexity and feasibility study:
· Determination of LoS/NLoS condition for Tx-target or target-Tx link based on EO locations
· Multi-bounce effect between EO and target and determination of LoS/NLoS condition for each bounce
Proposal 12: To determine the region where far field modelling can be assumed, study how Rayleigh distance can be calculated for ISAC channel models considering single/multiple scattering points to represent a target
Proposal 13: Support to incorporate Micro-Doppler characteristics in ISAC channel models.
Proposal 14: Support changes in amplitude, frequency, and phase in signals reflected against an object due to Micro-Doppler effects caused by the object’s movement.
Proposal 15: Support Option 1, “modelled by concatenation of path(s) from Tx to target and from target to Rx” when modelling the target channel
Observation 3: Convolutional based concatenation may increase modelling complexity
Proposal 16: Trace at least LOS ray between Tx-target and target-Rx links in the target channel
Proposal 17: Define a sensing coverage area for the ISAC channel model where the area includes only possible points for which the UE or network can localize an object within a specific accuracy requirement. 
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Appendix 
Appendix – A (Simulation setup for RCS modelling) 


Figure 10: Illustration of positions of gNB, UE and sensing object where the incident angle between gNB and UE is illustrated in the left subfigure.

A summary of the evaluation assumptions are described below:
· Object type/shape: Square plate
· Object dimensions: 0.25 m  0.25 m
· Segment size: 0.083 m  0.083 m
· Number of segments (N): 1, 9
· Object material: Metal (PEC)
· Distance between gNB and Object: 14.14 m
· Distance between Object and UE: 14.14 m
· Incident angle (angle between normal vector to the object and the gNB):  = 0° 
· Scattering angle (angle between normal vector of the object and the UE indicated by  in Figure 1): [0° 90°] 
· Sweeping interval for scattering angle: 2°
· Frequency 
· FR1: 5.9 GHz  
· FR2: 28 GHz

Appendix – B (Simulation setup for channel coefficient generation) 
Scenario description
	Parameter
	Values

	frequency
	2 GHz

	Bandwidth
	100 MHz

	Total gNB TX power, dBm 
	41 dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (2, 2, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ, - Note 1

	gNB antenna radiation pattern
	Isotropic

	gNB antenna height
	3 m

	Channel model
	Indoor Open Office

	Number of Objects
	3

	Object Location
	· Object 1’s location = (-5,10,3)
· Object 2’s location = (-25,10,3)
· Object 3’s location = (-45, 10, 3)

	Object Shape
	Square plate (3m*3m)

	Reflection coefficient multiplier to RCS
	· Highly reflective = 0.9
· Moderately reflective = 0.5
· Low reflective = 0.1

	UE location 	
	(0, 40, 3)

	UE mobility 
	static

	UE antenna radiation pattern
	Isotropic

	UE height, m 
	Fixed – 3 m

	LOS condition for Sensing Link 
	gNB to Object link – forced LOS
Object to UE link – forced LOS

	LOS condition for Communication Link 
	According to probability distribution specified in 3GPP TR 38.901  

	Note 1:	According to 3GPP TR 38.802
Note 3:	According to 3GPP TR 38.901



Appendix – C (Simulation setup for sensing coverage area) 
Scenario description
	Parameter
	Values

	frequency
	3.5 GHz

	Bandwidth
	100 MHz

	Total gNB TX power, dBm 
	23 dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ

	gNB antenna height
	3 m

	gNB location
	(10, 30, 3)

	Scenario Layout
	Indoor Factory

	Object Shape
	Square plate (3m*3m)

	UE location 	
	(110, 30, 3)

	UE mobility 
	static

	UE antenna configuration
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = 0.5λ

	UE height, m 
	3 m (fixed)

	Minimum distance between gNB and Object 
	2 m

	Minimum distance between UE and Object
	1 m

	LOS condition for Sensing Link 
	gNB to Object link – forced LOS
Object to UE link – forced LOS
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