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Introduction
As described in WID[1], the objectives of the study on channel modelling for Integrated Sensing And Communication (ISAC) for NR  is to define channel modelling aspects to support object detection and/or tracking (as per the SA1 meaning in TS 22.137). In RAN1#116, there following agreements on the ISAC deployment scenarios[2].
	Agreement
For progressing ISAC study, the following sensing targets and existing communication scenarios will be considered as a starting point:
· Note1: the table below does not imply that the sensing target will be placed at positions defined for UEs and BSs in the scenarios in the right column.
· Note2: the table below does not imply that UEs are necessarily placed at positions defined for UEs in the scenarios in the right column.
· Note3: the existing communication scenarios are listed with the intent to use the evaluation parameters defined for those scenarios, as a starting point.

	Sensing Targets
	scenarios 

	UAVs
	RMa-AV, UMa-AV, UMi-AV (TR 36.777) 

	Humans indoors
	InF, Indoor Office, [Indoor Room (TR 38.808)], [UMi, UMa]

	Humans outdoors
	UMi, UMa, [RMa]

	Automotive vehicles (at least outdoors)
	Highway, Urban grid, UMa, UMi, RMa

	Automated guided vehicles (e.g. in indoor factories)
	InF

	Objects creating hazards on roads/railways (examples defined in TR 22.837)
	Highway, Urban grid, HST



Agreement
For ISAC channel modelling, RAN1 uses the sensing related terminology as defined in TS22.137 or TR22.837 as a starting point for discussion purposes with the following definitions: 
1. Sensing transmitter: the TRP or a UE that sends out the sensing signal which the sensing service will use in its operation. A sensing transmitter can be located in the same or different TRP or a UE as the sensing receiver.
2. Sensing receiver: the TRP or a UE that receives the sensing signal which the sensing service will use in its operation. A sensing receiver can be located in the same or different TRP or a UE as the sensing transmitter.
3. Sensing target: target that need to be sensed by deriving characteristics of the objects within the environment from the sensing signal.
4. Background environment: background (clutter and/or environmental objects) that are not the sensing target(s).
5. Mono-static sensing: sensing where the sensing transmitter and sensing receiver are co-located in the same TRP or UE.  
6. Bi-static sensing: sensing where the sensing transmitter and sensing receiver are in different TRPs or UEs. 
7. Multi-static sensing: sensing where there are multiple sensing transmitters and/or multiple sensing receivers, for a sensing target.
8. Sensing signal: Transmissions on the 3GPP radio interface that can be used for sensing purposes.




In this contribution, we further share our views on the potential deployment scenarios of the selected use cases for channel modeling, especially on the preferred sensing modes in each use case and sensing-target related assumptions.
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The example objects to be detected and/or tracked recommended in SID include UAV, humans indoors and outdoors, automotive vehicles (at least outdoors), Automated Guided Vehicles (AGV, e.g., in indoor factories) and objects creating hazards on roads/railways.
UAV
As discussed in UC 5.10/12/13 from [3], the trajectory tracing, collision avoidance and intrusion detection of a UAV need to be supported via sensing. Because of the special location, i.e., altitude, of the sensing target, it is preferred to consider TRP monostatic and TRP-TRP bistatic sensing as illustrated in Figure 1 (a) and (b), where a TRP transmits and receives the sensing signal to derive the measurement results of a UAV.
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[bookmark: _Hlk163059905](a). TRP monostatic         (b). TRP-TRP bistatic              (c). TRP-UE bistatic		(d). UE-TRP bistatic
[bookmark: _Ref163043257]Figure 1 Preferred sensing modes in the UAV use case
[bookmark: OLE_LINK1]Note that a UAV can be also an aerial UE to receive and transmit sensing signal, which can be also involved to sense the UAV around it with TRP-UE or UE-TRP bistatic sensing mode as illustrated in Figure 1 (c) and (d).
Proposal 1: For the UAV use cases, suggest TRP-monostatic, TRP-TRP bistatic, TRP-UE bistatic and UE-TRP bistatic as the sensing modes.
According to the agreement, the scenarios of RMa-AV, UMa-AV, UMi-AV defined for communication in TR 36.777 are agreed as the starting point for further refinement to support the ISAC channel modeling in the UAV use case. However, the assumptions of these three scenarios in Table A.1-1 in TR 36.777 are just defined for the communication evaluation in LTE systems, e.g., 2GHz carrier frequency, 10MHz system bandwidth, which need to be adjusted to support more deployment scenarios[4]. 
Proposal 2: Adjust some basic assumptions defined for RMa-AV, UMa-AV, UMi-AV in TR 36.777, including at least carrier frequency and bandwidth.
Furthermore, there are also some assumptions on the aerial UEs defined in TR 36.777, it is necessary to discuss and define the assumptions related with the aerial sensing target, such as the sensing area, number of sensing targets and the distributions of sensing targets and assisting UEs in the area.
[bookmark: _Hlk163166583]Proposal 3: Study the sensing related assumptions in UAV use cases, such as the sensing types, sensing area, the number and distributions of the aerial sensing targets, and the minimum distance between aerial UEs in the sensing area as illustrated in below two tables for TRP-only and UE-involved sensing modes, respectively.
· [bookmark: _Hlk163165584]For TRP-aerial UE and aerial UE-TRP bistatic sensing modes
	Parameter
	Values

	Sensing type
	Presence detection, positioning of the target UAV

	Sensing area
	30 meters 3-D distance around an Areal UE

	Number of UAV sensing targets
	1

	Areal UE location
	horizontal
	Uniform

	
	Height
	Uniformly distributed between 1.5m and 300m

	UAV sensing target distribution
	Uniformly within the sensing area


· For TRP monostatic and TRP-TRP bistatic sensing modes
	Parameter
	Values

	Sensing type
	Detection, positioning/tracking of the target UAVs

	Sensing area
	Same as cell layout

	Number of UAV sensing targets
	1-3

	Target UAV location
	horizontal
	Uniform

	
	Height
	Uniformly distributed between 1.5m and 300m

	Min. target UAVs’ distance
	20 meters


Humans indoors
To detect an intruder (UC 5.1, UC 5.23) and location of a user in a room (UC 5.25) via sensing[3], the typical scenario of an indoor environment can be naturally assumed, where UEs are widely used. Thus, it would be natural to involve UE(s) for sensing, i.e., UE monostatic, UE-UE bistatic and TRP-UE bistatic sensing modes as illustrated in Figure 2.
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(a). UE monostatic                           (b). UE-UE bistatic		              (c). TRP-UE bistatic
[bookmark: _Ref163074603]Figure 2 Preferred sensing modes in the humans indoor use case
Proposal 4: For the human indoor use cases, consider UE monostatic, UE-UE bistatic and TRP (outdoor and indoor)-UE bistatic sensing modes.
According to the agreement, the scenarios of InF and Indoor Office defined for communication in TR 38.901 are agreed as the starting point. It is necessary to further discuss and define the assumptions related with the sensing target of human, such as the sensing area, number of sensing targets, distributions of targets and minimum distance between targets in the area.
[bookmark: _Hlk163141866]Proposal 5: Study the sensing related assumptions in human indoor use cases, such as the sensing area, number of the sensing targets, distribution of the sensing targets and minimum distance between targets in the area as illustrated in below table.
	Parameter
	Values

	Sensing area
	Indoor layout

	Number of sensing targets, i.e., human
	1-4

	Target distribution
	Indoor, uniform

	Min. targets’ distance
	2 meters


Humans outdoor
To detect intruder in surroundings of smart home (UC 5.6), pedestrian detection near Smart Grid equipment (UC 5.22) and sense for tourist spot traffic management (UC 5.14) from [3], the position of a human needs to be acquired via sensing. Thus, it would be also natural to involve TRP(s) for sensing, i.e., TRP monostatic, TRP-UE bistatic and TRP-TRP bistatic sensing modes as illustrated in Figure 3.
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(a). TRP monostatic                           (b). TRP-UE bistatic		            (c). TRP-TRP bistatic
[bookmark: _Ref163109430]Figure 3 Preferred sensing modes in the humans outdoor use cases
Thus, in this outdoor scenario, the TRP-involved sensing modes, i.e., TRP monostatic, TRP-UE bistatic and TRP-TRP bistatic may be considered, and the UE involved in sensing can be pedestrian UE, vehicular UEs and even UE-type RSUs.
Proposal 6: For the human outdoor use cases, consider TRP monostatic, TRP-UE bistatic and TRP-TRP bistatic sensing modes.
Note: at least UE types, including pedestrian UE, vehicular UEs, UE-type RSUs can be considered. 
According to the agreement, the scenarios of UMi and UMa defined for communication in TR 38.901 are agreed as the starting point for further refinement to support the ISAC channel modeling in this use case. In general, we think the assumptions defined there can be well deployed for the background channel model. 
It is also necessary to further discuss and define the assumptions related with the sensing target, such as the sensing area, number of sensing targets, the distributions of sensing targets and minimum distance between aerial UEs in the area.
Proposal 7: Study the sensing related assumptions in human outdoor use cases, such as the sensing area, the number and distribution of the sensing targets and minimum distance between targets in the area illustrated in below table.
	Parameter
	Values

	Sensing area
	Cell layout

	Number of sensing targets, i.e., human
	1-4

	Target distribution
	Outdoor, uniform

	Min. targets’ distance
	2 meters


Automotive vehicles
There are much more use cases for automotive vehicles defined in [3], the velocity of a vehicle needs to be acquired via sensing in general. Thus, it is possible to involve TRP and UE for sensing, i.e., TRP monostatic, TRP-UE bistatic, UE-UE bistatic and UE monostatic sensing modes as illustrated in Figure 4.
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(a). TRP monostatic                 (b). TRP-UE bistatic		 (c). UE-UE bistatic            (d). UE monostatic
[bookmark: _Ref163109789]Figure 4 Preferred sensing modes in the automotive vehicles use case
[bookmark: OLE_LINK2]Proposal 8: For the automotive vehicles use cases, consider TRP monostatic, TRP-UE bistatic, UE-UE bistatic and UE-monostatic sensing modes.
Note: at least UE types, including pedestrian UE, vehicular UEs and UE-type RSUs, can be considered.
In this use case, more sensing-related parameters/assumptions on the vehicle, e.g., velocity, drops and trajectory, can be discussed and determined.
Proposal 9: Study the sensing related assumptions in automotive vehicle use cases, such as the sensing area, number of sensing targets, velocity, drops and trajectory as illustrated in below tables, for TRP-involved and UE-based sensing modes, respectively.
· For TRP-involved sensing modes
	[bookmark: _Hlk163142207]Parameter
	Values

	Sensing area
	Highway

	Number of sensing targets, i.e., vehicles
	1-4

	Target drops
	In lane

	Target speed
	{20km/h, 60km/h, 80km/h}

	Min. targets’ distance
	10 meters


· For UE-based bistatic sensing modes
	Parameter
	Values

	Sensing area
	50 meters distance with a vehicular UE

	Number of sensing targets, i.e., vehicles
	1

	Target drops
	In lane, uniformly in the sensing area

	Target speed
	{20km/h, 60km/h, 80km/h} in the same or opposite direction to the vehicle UE


Automated guided vehicles (AGV) 
To detect and track AGV (UC 5.9), avoid AMR collision (UC 5.23) and integrate positioning (UC 5.32) from [3], the typical deployment scenario is indoor factory. Thus, it is possible to involve TRP and UE for sensing, i.e., TRP-TRP bistatic, TRP monostatic, UE-UE bistatic and UE monostatic sensing modes as illustrated in Figure 5.
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(a). TRP-TRP bistatic            (b). TRP-UE bistatic                (c). UE-UE bistatic		 (d). UE monostatic
[bookmark: _Ref163110050]Figure 5 Preferred sensing modes in the AGV use cases
Proposal 10: For the AGV use cases, consider TRP-TRP bistatic, TRP-UE bistatic, UE-UE bistatic and UE-monostatic sensing modes.
It is also necessary to discuss and define the assumptions related with the sensing target, such as the sensing area, number of sensing targets and the distributions of sensing targets and minimum distance between targets in the area.
Proposal 11: Study the sensing related assumptions in AGV use cases, such as the sensing area, the number and distribution of the sensing targets and minimum distance between targets in the area illustrated in below table.
	Parameter
	Values

	Sensing area
	InF

	Number of sensing targets, i.e., vehicles
	1-4

	Target distribution
	Uniform

	Target speed
	3km/h

	Min. targets’ distance
	3 meters


Objects creating hazards on roads/railway
For this kind of use cases, the objects to be detected via sensing are not as clearly defined as the other use cases. According to the assumptions in UC 5.2 and UC 5.7[3], the objectives could be pedestrian (adult), animal (sheep/deer) or vehicle/train.
Proposal 12: For the use cases of objects creating hazards on roads/railways, consider TRP-UE bistatic, UE-TRP bistatic, TRP-TRP bistatic and TRP-monostatic sensing modes.
Note: at least UE types including vehicular UEs and UE-type RSUs can be considered.
It is necessary to discuss and define the assumptions related with the sensing target, such as the sensing area, sensing target type, number of sensing targets and the distributions of sensing targets and assisting UEs in the area.
Proposal 13: Study the sensing related assumptions, such as the sensing area, types and number of sensing targets, and the distributions of sensing targets in the area as illustrated in below table.
	Parameter
	Values

	Sensing area
	Highway

	Number of sensing targets, i.e., vehicles
	4

	Sensing target types
	{Pedestrian (adult), animal (sheep)}

	Target drops
	In lane


Summary
We summarize the preferred sensing modes for each use case into a table, Table 1, as below.
[bookmark: _Ref158847400]Table 1 Summary of proposed sensing modes for each use case
	Sensing Target
	Sensing modes

	
	TRP-monostatic
	TRP-TRP bistatic
	TRP-UE bistatic
	UE-TRP bistatic
	UE-UE bistatic
	UE-monostatic

	UAV
	●
	●
	●
	●
	-
	-

	Human
	Indoor
	-
	-
	●
	-
	●
	●

	
	Outdoor
	●
	●
	●
	-
	-
	-

	Automotive vehicle
	●
	-
	●
	-
	●
	●

	AGV/AMR
	-
	●
	●
	-
	●
	●

	Objects creating hazards on roads/railways
	●
	●
	●
	●
	-
	-


●: Preferred; -: Not preferred.
Conclusion
On the deployment scenarios of the recommended use cases, we suggest preferred sensing modes in each use case and sensing-target related assumptions with the following proposals.
Proposal 1: For the UAV use cases, suggest TRP-monostatic, TRP-TRP bistatic, TRP-UE bistatic and UE-TRP bistatic as the sensing modes.
Proposal 2: Adjust some basic assumptions defined for RMa-AV, UMa-AV, UMi-AV in TR 36.777, including at least carrier frequency and bandwidth.
Proposal 3: Study the sensing related assumptions in UAV use cases, such as the sensing types, sensing area, the number and distributions of the aerial sensing targets, and the minimum distance between aerial UEs in the sensing area as illustrated in below two tables for TRP-only and UE-involved sensing modes, respectively.
· For TRP-aerial UE and aerial UE-TRP bistatic sensing modes
	Parameter
	Values

	Sensing type
	Presence detection, positioning of the target UAV

	Sensing area
	30 meters 3-D distance around an Areal UE

	Number of UAV sensing targets
	1

	Areal UE location
	horizontal
	Uniform

	
	Height
	Uniformly distributed between 1.5m and 300m

	UAV sensing target distribution
	Uniformly within the sensing area


· For TRP monostatic and TRP-TRP bistatic sensing modes
	Parameter
	Values

	Sensing type
	Detection, positioning/tracking of the target UAVs

	Sensing area
	Same as cell layout

	Number of UAV sensing targets
	1-3

	Target UAV location
	horizontal
	Uniform

	
	Height
	Uniformly distributed between 1.5m and 300m

	Min. target UAVs’ distance
	20 meters


Proposal 4: For the human indoor use cases, consider UE monostatic, UE-UE bistatic and TRP (outdoor and indoor)-UE bistatic sensing modes.
Proposal 5: Study the sensing related assumptions in human indoor use cases, such as the sensing area, number of the sensing targets, distribution of the sensing targets and minimum distance between targets in the area as illustrated in below table.
	Parameter
	Values

	Sensing area
	Indoor layout

	Number of sensing targets, i.e., human
	1-4

	Target distribution
	Indoor, uniform

	Min. targets’ distance
	2 meters


Proposal 6: For the human outdoor use cases, consider TRP monostatic, TRP-UE bistatic and TRP-TRP bistatic sensing modes.
Note: at least UE types, including pedestrian UE, vehicular UEs, UE-type RSUs can be considered. 
Proposal 7: Study the sensing related assumptions in human outdoor use cases, such as the sensing area, the number and distribution of the sensing targets and minimum distance between targets in the area illustrated in below table.
	Parameter
	Values

	Sensing area
	Cell layout

	Number of sensing targets, i.e., human
	1-4

	Target distribution
	Outdoor, uniform

	Min. targets’ distance
	2 meters


Proposal 8: For the automotive vehicles use cases, consider TRP monostatic, TRP-UE bistatic, UE-UE bistatic and UE-monostatic sensing modes.
Note: at least UE types, including pedestrian UE, vehicular UEs and UE-type RSUs, can be considered.
Proposal 9: Study the sensing related assumptions in automotive vehicle use cases, such as the sensing area, number of sensing targets, velocity, drops and trajectory as illustrated in below tables, for TRP-involved and UE-based sensing modes, respectively.
· For TRP-involved sensing modes
	Parameter
	Values

	Sensing area
	Highway

	Number of sensing targets, i.e., vehicles
	1-4

	Target drops
	In lane

	Target speed
	{20km/h, 60km/h, 80km/h}

	Min. targets’ distance
	10 meters


· For UE-based bistatic sensing modes
	Parameter
	Values

	Sensing area
	50 meters distance with a vehicular UE

	Number of sensing targets, i.e., vehicles
	1

	Target drops
	In lane, uniformly in the sensing area

	Target speed
	{20km/h, 60km/h, 80km/h} in the same or opposite direction to the vehicle UE


Proposal 10: For the AGV use cases, consider TRP-TRP bistatic, TRP-UE bistatic, UE-UE bistatic and UE-monostatic sensing modes.
Proposal 11: Study the sensing related assumptions in AGV use cases, such as the sensing area, the number and distribution of the sensing targets and minimum distance between targets in the area illustrated in below table.
	Parameter
	Values

	Sensing area
	InF

	Number of sensing targets, i.e., vehicles
	1-4

	Target distribution
	Uniform

	Target speed
	3km/h

	Min. targets’ distance
	3 meters


Proposal 12: For the use cases of objects creating hazards on roads/railways, consider TRP-UE bistatic, UE-TRP bistatic, TRP-TRP bistatic and TRP-monostatic sensing modes.
Note: at least UE types including vehicular UEs and UE-type RSUs can be considered.
Proposal 13: Study the sensing related assumptions, such as the sensing area, types and number of sensing targets, and the distributions of sensing targets in the area as illustrated in below table.
	Parameter
	Values

	Sensing area
	Highway

	Number of sensing targets, i.e., vehicles
	4

	Sensing target types
	{Pedestrian (adult), animal (sheep)}

	Target drops
	In lane
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