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1. Introduction
In RAN #116bis there have been numerous agreements to proceed with ISAC channel modeling. In this proposal, we aim to address some of the future study items in the agreed proposals.
2. LOS probability considerations
	
Agreement
[bookmark: _Hlk164676702]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
· [bookmark: _Hlk164676417]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






Since the ISAC channel might involve an EO with known location, to determine the LOS and NLOS state, we need to consider different cases. Considering a 2-bounce propagation in the target channel, we have:

1. Links that include the EO:
a) When EO is located between the target and the sensing transmitter and/or receiver and its size is larger than the target, a NLOS condition is present. Hence, we can directly determine the LOS/NLOS state based on EO’s location. For example, when a wall as an EO is located between the target and the sensing transmitter and/or receiver one can simply assign a NLOS state in the corresponding link. 

[image: A diagram of a person and a target]

b) When EO is located between the target and the sensing transmitter and/or receiver and its size is comparable to or smaller than that of the target, assigning the LOS/NLOS state based solely on the EO’s location may not yield accurate results. Therefore, it is more reasonable to apply the LOS/NLOS probability-based procedure of TR 38.901 (Clause 7.6.3.3). 
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2. Links that do not include the EO:
For the links that do not include the EO, the LOS/NLOS states cannot be determined directly. These links resemble the geometry-based based links in TR 38.901. Hence, it is reasonable to apply the LOS/NLOS probability-based procedure of TR 38.901.


We note that the EO considerations are not limited to the target channel and are applicable to the background channels as well. Hence, if the EO is present in the background channel, the LOS/NLOS state of the sensing Tx-Rx link can be assessed by the location and size of the EO. For example, when the EO is a tall building between a TRP-UE set of sensing transceiver. If it is not trivial to determine the LOS/NLOS state, we need to refer to the LOS probability-based process in TR 38.901.  

Observation 1: Given a maximum number of 2 bounces from TX to RX in the target channel, in some scenarios, the presence of EO can simplify determining the LOS/NLOS state. 
Proposal 1: For a maximum number of 2 bounces propagation in the target channel, if there is an EO in the target channel, consider the following cases:
· If the EO is located between the target and the transmitter or receiver, and EO has a size of much larger than the target, the LOS/NLOS state can be determined deterministically considering EO’s location and size. 
· If the EO’s location is not exactly between the target and the transmitter or receiver, and/or the EO’s size is comparable with the target, then LOS/NLOS states should be obtained probabilistically using the LOS probabilities. 

This observation can be extended to the background channel all well in the sense that if the EO is considered in the background channel, depending on the location of the EO and its size in comparison to the TX and/or RX the LOS/NLOS state can be determined either deterministically or probabilistically. 

Proposal 2: If the EO is in a background channel, depending on the EO’s location and its size with respect to the TX and/or RX, the LOS/NLOS states can be determined either deterministically or stochastically. 

Additional considerations are necessary with links with more than 2 bounces. For example, in a 3-bounce channel, when a stochastic cluster is also located in the target channel in addition to the EO in the same link (either the TX-target or target-RX), if not already blocked by the EO, then it is necessary to use the LOS probability-based process. 

Proposal 3: For a 3 bounces link, if the EO is in the target channel, one can first asses the LOS/NLOS states based on EO’s location and size with respect to the target and the TX and/or RX. Then, if not already blocked, LOS probability should be used to determine the LOS/NLOS states. 

As far as the LOS probability is concerned, we believe the LOS probability between a human target and the corresponding sensing TX and RX can be reused from Table 7.4.2-1 of TR38.901 for indoor and outdoor scenarios, for the BS TX and RX. Similarly, the LOS probability for the object type of automative vehicles can be obtained similar to those of human outdoor. Also, for AGV in indoor factories, the same table can be used.  
To calculate the LOS probabilities for the bistatic and monostatic involving BS, the Tx-Target and Target-Rx links can be considered the same as a BS-UT link in TR38.901 and TR36.777. Hence, we have the following proposal:
Proposal 4: In the case of TRP(BS)-involved bistatic and monostatic scenarios, the LOS probabilities for the Tx-target and Target-Rx can be reused:
· Human indoor and outdoor: reuse from Table 7.4.2-1 in TR38.901
· Automotive Vehicles: similar to human outdoor from Table 7.4.2-1 in TR 38.901
· Automotive guided vehicles: reuse from Table 7.4.2-1 in TR38.901 (InF-(SL,SH,DL,DH))
· UAV (Uma, Umi, RMa): reuse from Table B-1 in TR 36.777
However, for the bistatic and monostatic scenarios involving a UE as the transmitter and/or receiver, there should be new experiments conducted as the BS height considered in the above scenarios is not valid anymore. 
Proposal 5: For monostatic and bistatic sensing scenarios involving UE as a transmitter and/or receiver, experimentations are needed to obtain the LOS probabilities. The channels of interest in these scenarios include UE-human, UE-car, UE-UAV, UE-AGV, and UE-Animal cases.

3. Scattering point modeling and RCS 

	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





To determine whether an object should be modeled by a single or a multiple scattering point, is mostly dependent on the size of the target and its distance to the transmitter and receiver. If the target is large, for example a SUV, then it can be modeled by multiple scattering points for a longer distance range from transmitter and receiver. While a drone can be modeled as a single scattering point starting from a shorter range. Hence, it is necessary to study for each target separately that what distances should be considered as the threshold for choosing either a single scattering point or multiple scattering points for each target type.
Observation 2: Different target sizes determine the distance at which we can consider either a single scattering point or multiple scattering points model. 
Proposal 6: To decide whether to model a target with a single scattering point or multiple scattering points, it is necessary to obtain the threshold distance to the transmitter and receiver for each target type. 
Proposal 7: For a target in the far field of the RX and TX, the target can be modeled by a single scattering point. 
	
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


	Agreement

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




RCS is a function of material of the object, shape(structure) of the object, incident and scattering angles, carrier frequency, antenna’s pattern, and polarization. As the object moves, usually the incident angle changes which contributes to the RCS changes over time. Hence RCS of a moving object changes temporally and spatially. The correlation time and correlation distance for the RCS can vary depending on the speed of target and/or the speed of the sensing transmitter and/or receiver. 
The RCS can be considered differently for monostatic and bistatic sensing. 
Whether the RCS is considered in the far-field or near-field affects the factors on which the RCS depends on. 
· In the far-field scenario, the RCS becomes independent of the distance to the transmitter and/or receiver. 
· In the near-field scenario, RCS oscillates with range, target size and frequency [1].
Special consideration is required specifically when the target is modeled by multiple scattering points and the scattering points are located in relatively different distances to the TX and/or RX.
Proposal 8: Given a sensing mode (monostatic or biostatic), the RCS of an object with a single scattering point can be modeled as a stochastic process where the random variables at each time instant have the same distribution. The distribution depends on the object’s material, shape, frequency, antenna’s pattern, and polarization obtained from measurements. In this stochastic process, the correlation time between the random variables should be determined for temporal consistency.
Options 2 and 3 where the RCS is suggested to be presented in a table or as a function of different parameters and as a combination of a mean value plus a stochastic component, are also applicable if the parameters are included. Furthermore, Option 2 is more appropriate for a non-moving object. 
For a target with multiple scattering points, if different scattering points share similarities over the material, the same RCS distribution can be used.  
	Agreement
[bookmark: _Hlk164676524]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




As this agreement is assuming some information about the EO’s size compared to the object in Options 1 and 2, it is reasonable to assume that the EO is a known object type. In other words, whether it is a wall, tree, building, or a target type object, etc., is known. Hence, other parameters about EO can also be considered as known, for instance, the RCS. 
Proposal 9: The material and size of EO is known at least for the case where EO is of the sensing target type (EO type-1). 
[bookmark: _Hlk164676430]
For the non-target type EOs, such as a building or a wall, it should be discussed whether RAN1 would like to consider its exact size or material known or not.  
Proposal 10: FFS whether for the non-target type EO (EO type-2), the size and material of the EO is known.


4. Conclusions:

Observation 1: Given a maximum number of 2 bounces from TX to RX in the target channel, in some scenarios, the presence of EO can simplify determining the LOS/NLOS state. 

Proposal 1: For a maximum number of 2 bounces propagation in the target channel, if there is an EO in the target channel, consider the following cases:
· If the EO is located between the target and the transmitter or receiver, and EO has a size of much larger than the target, the LOS/NLOS state can be determined deterministically considering EO’s location and size. 
· If the EO’s location is not exactly between the target and the transmitter or receiver, and/or the EO’s size is comparable with the target, then LOS/NLOS states should be obtained probabilistically using the LOS probabilities. 

Proposal 2: If the EO is in a background channel, depending on the EO’s location and its size with respect to the TX and/or RX, the LOS/NLOS states can be determined either deterministically or stochastically. 

Proposal 3: For a 3 bounces link, if the EO is in the target channel, one can first asses the LOS/NLOS states based on EO’s location and size with respect to the target and the TX and/or RX. Then, if not already blocked, LOS probability should be used to determine the LOS/NLOS states. 

Proposal 4: In the case of TRP(BS)-involved bistatic and monostatic scenarios, the LOS probabilities for the Tx-target and Target-Rx can be reused:
· Human indoor and outdoor: reuse from Table 7.4.2-1 in TR38.901
· Automotive Vehicles: similar to human outdoor from Table 7.4.2-1 in TR 38.901
· Automotive guided vehicles: reuse from Table 7.4.2-1 in TR38.901 (InF-(SL,SH,DL,DH))
· UAV (Uma, Umi, RMa): reuse from Table B-1 in TR 36.777

Proposal 5: For monostatic and bistatic sensing scenarios involving UE as a transmitter and/or receiver, experimentations are needed to obtain the LOS probabilities. The channels of interest in these scenarios include UE-human, UE-car, UE-UAV, UE-AGV, and UE-Animal cases.

Observation 2: Different target sizes determine the distance at which we can consider either a single scattering point or multiple scattering points model. 
Proposal 6: To decide whether to model a target with a single scattering point or multiple scattering points, it is necessary to obtain the threshold distance to the transmitter and receiver for each target type. 
Proposal 7: For a target in the far field of the RX and TX, the target can be modeled by a single scattering point. 
Proposal 8: Given a sensing mode (monostatic or biostatic), the RCS of an object with a single scattering point can be modeled as a stochastic process where the random variables at each time instant have a specific distribution depending on the object’s material, shape, frequency, antenna’s pattern, and polarization obtained from measurements. In this stochastic process, the correlation time between the random variables should be determined for temporal consistency.

Proposal 9: The material and size of EO is known at least for the case where EO is of the sensing target type (EO type-1). 
Proposal 10: FFS whether for the non-target type EO (EO type-2), the size and material of the EO is known.
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