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[bookmark: _Ref521334010]Introduction
Integrated sensing and communication (ISAC) is widely known as a key capability for 5.5G and 6G communication system to facilitate the commercial use in vertical industries. Recently, a list of promising ISAC use cases was provided by SA1 [1]. Therefore, it is important to establish a solid channel modelling framework to enable evaluation of sensing techniques. In [2], a Rel-19 study item on channel modelling for ISAC was approved, focusing on object detection and/or tracking. The following sensing objects are selected as the example target use cases:
· UAVs
· Humans indoors and outdoors 
· Automotive vehicles (at least outdoors)
· Automated guided vehicles (e.g. in indoor factories)
· Objects creating hazards on roads/railways, with a minimum size dependent on frequency
A total number of six sensing modes (TRP-to-TRP bi-static, TRP monostatic, TRP-to-UE bi-static, UE-to-TRP bi-static, UE-to-UE bi-static, UE monostatic) are to be studied. The primary frequency range is 0.5 to 52.6 GHz, with the assumption that the modelling approach should scale to 100 GHz if feasible.
In this contribution, we discuss the details of ISAC deployment scenarios corresponding to the above use cases based on the progress in RAN1#116bis.
Discussion
General consideration
Currently, the following scenarios have been defined in Clause 7.2 of TR 38.901[3], at least for the purpose of channel calibration:
· Urban Micro (UMi)-street canyon
· Urban Macro (UMa)
· Indoor-office
· Rural Macro (RMa)
· Indoor-Factory (InF)
For each scenario, a set of simulation parameters are defined, e.g., cell layout, BS height, UT (UE) location, indoor UT ratio, UT mobility, UT distribution, etc. 
The following agreements were reached in RAN1#116 [9]:
	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





Note that scenarios is not only about evaluation, but also implies effort on channel modeling details. For wireless channel modeling, many characteristics are scenario specific, e.g., LOS probability, pathloss formula (see Table 7.4.1-1 and Table 7.4.2-1 in TR 38.901 [3]).  It is realistic to reuse scenarios defined in TR 38.901 as much as possible, as very limited TU is allocated for ISAC channel modeling in Rel-19. 
Understand that it is difficult to drop any scenarios in the table from RAN1#116 agreement for now. But the table is just a starting point. It does not mean all scenarios mentioned in the table will be captured in TR 38.901 at the end. Whether the ISAC channel model of a specific scenario will be captured in TR 38.901 depends on the matureness of the study. Our views on prioritization is shared in Section 2.3.
Proposal 1: Not all the scenarios in the table agreed in RAN1#116 have to be captured in TR 38.901. Whether the ISAC channel model of a specific scenario will be captured in TR 38.901 depends on the matureness of the study at the end of Rel-19.
Details of deployment scenarios
Other than some minor update of the terminology, the following agreements were reached in RAN1#116bis [10].
	Agreement
Any TRP and/or UE location in the corresponding communication scenario can be selected as sensing transmitters and receivers locations. FFS: other possible sensing transmitters and receivers locations.
Agreement
The following table can be used by companies to propose values for each sensing target
· Additional parameters/rows can be added if needed
Table x. Evaluation parameter template for sensing scenarios
	Parameters
	Value

	Applicable communication scenarios
	

	Sensing transmitters and receivers properties
	

	Supported sensing modes
	

	Sensing target
	Outdoor/indoor
	

	
	3D mobility
	

	
	3D distribution
	

	
	Orientation
	

	
	Physical characteristics (e.g., size)
	

	[Unintended/Environment objects]
	Types
	

	
	3D mobility
	

	
	3D distribution
	

	
	Orientation
	

	
	Physical characteristics (e.g., size)
	

	[Sensing area]
	

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	





In this section, we focus on the content of the agreed table for each use case. 
UAV
For sensing UAV, our views are captured in Table 1.
[bookmark: _Ref165204728]Table 1 Evaluation parameter template for sensing UAV
	Parameters
	Value

	Applicable communication scenarios
	UMa-AV, UMi-AV, RMa-AV

	Sensing transmitters and receivers properties
	The same as BS for communication
BS antenna down-tilt angle is reported by companies

	Supported sensing modes
	TRP-monostatic, TRP-to-TRP bi-static

	Sensing target
	Outdoor/indoor
	Outdoor

	
	3D mobility
	Horizontal: speed = 30, 60 (baseline), 160 km/h, uniformly random direction
Vertical: none

	
	3D distribution
	Horizontal: uniformly distributed within sensing area
Vertical: 
· Option 1: uniformly distributed between 40m and 300m, or (optional) between 40m and 600m
· Option 2: 50m, 100m, 200m, 300m, (optional: 600m)
The maximum total number of sensing targets: [5] per sensing area

	
	Orientation
	FFS, pending on progress of RCS modeling

	
	Physical characteristics (e.g., size)
	At most three types of UAV (Length x Width x Height):
· Small: 0.3m x 0.3m x 0.2m
· Medium: 1.6m x 1.5m x 0.7m (baseline)
· Large: 3m x 3m x 1m

	[Unintended/Environment objects]
	Types
	N/A

	
	3D mobility
	N/A

	
	3D distribution
	N/A

	
	Orientation
	N/A

	
	Physical characteristics (e.g., size)
	N/A

	[Sensing area]
	Horizontal: 
· Option 1: each cell of the cell layout
· Option 2: central cell of the cell layout
Vertical: from 40m to 300m, or from 40m to 600m (optional)

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	Between BS and sensing target (i.e., UAV): 
· 3D: 10m
Between different sensing targets (i.e., UAVs)
· 3D: 10m


By largely reusing characteristics of aerial UE in TR 36.777 [4] as the characteristics of UAV to be sensed, most of the contents are aligned with TR 36.777. Additionally, we have the following consideration:
· It is unrealistic to ensure that there will always be a UE (regardless terrestrial UE or aerial UE) near the UAV as sensing target. Thus TRP-only sensing modes are considered in this case.
· A set of three different speeds from 30 to 160 km/h are considered in horizontal plain. The speed of 60 km/h can be considered as baseline. The direction of speed is assumed as uniformly random. This can be revisited if serious problem is found. For simplicity, the speed in vertical plain is assumed to be zero, which is the same as in TR 36.777 [4].
· The maximum flight height of UAV is extended from 300 m (in TR 36.777 [4]) to 600 m. The motivation comes from the regulation that most civil UAVs are not allowed to fly higher than 300 m. Therefore, a UAV flying above 300 m should be detected and continuously monitored. This should at least be optionally supported.
· A set of three UAV sizes is considered. The typical UAV size (Length x Width x Height) is 1.6m x 1.5m x 0.7m as mentioned in [1]. However, according to our preliminary research, UAV sizes may vary from 0.3m x 0.3m x 0.2m to 3m x 3m x 1m, which can be further categorized as {small, medium, large}. This will impact the modeling of Radar Cross Section (RCS). Furthermore, to simplify the modeling and future evaluation, we suggest the medium size, i.e., typical size in [1], to be the baseline.
· Regardless how EO is modelled, it is unlikely to have any other objects in this case. Thus we mark the related rows as N/A. One may propose that birds may appear, but more justification is needed. For example, whether it is usual to see birds above 40m in the concern scenarios, and if so, why/how we can treat them as ‘objects with known location’.
· For sensing area, two options are provided. Particularly, Option 1 seems straightforward, while Option 2 may provide similar observations with much simpler simulation.
Proposal 2: Adopt Table 1 for sensing UAV.
[bookmark: _Ref165212334]Humans indoors
For sensing humans indoors, our views are captured in Table 2.
[bookmark: _Ref165208238]Table 2 Evaluation parameter template for sensing humans indoors
	Parameters
	Value

	Applicable communication scenarios
	InF, Indoor Office

	Sensing transmitters and receivers properties
	The same as BS and/or UE for communication

	Supported sensing modes
	All 6 sensing modes defined in SID

	Sensing target
	Outdoor/indoor
	Indoor

	
	3D mobility
	Horizontal: speed = 3 km/h, uniformly random direction
Vertical: N/A

	
	3D distribution
	Horizontal: uniformly distributed within sensing area
Vertical: N/A
The maximum total number of sensing target: [1] per sensing area

	
	Orientation
	FFS, pending on progress of RCS modeling

	
	Physical characteristics (e.g., size)
	At most two types of humans (Length x Width x Height):
· Adult: 0.5m x 0.5m x 1.75m (baseline)
· Children: 0.3m x 0.3m x 1m

	[Unintended/Environment objects]
	Types
	FFS

	
	3D mobility
	FFS

	
	3D distribution
	FFS

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	FFS

	[Sensing area]
	Horizontal: 
· Option 1: each cell in the layout (factory, room area);
· Option 2: convex hull of each horizontal BS deployment
· Option 3: convex hull of one selected BS
Vertical: on the ground

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	Between BS and sensing target (i.e., human):
· InF: 
· 2D: 0m
· 3D: the same as cell height
· Indoor Office: 
· 2D: 0m
· 3D: 3m
Between UE and sensing target (i.e., human):
· 2D: 3m
· 3D: the same as 2D
Between different sensing targets (i.e., human): 
· 2D: 3m
· 3D: the same as 2D


By largely reusing the characteristics of terrestrial UE indoor in TR 38.901[3] as the characteristics of human indoor, most of the contents are aligned with TR 38.901. Additionally, we have the following consideration:
· Several scenarios marked in square bracket are not considered in the table, i.e., [Indoor Room (TR 38.808)], [UMi, UMa]. In our understanding, Indoor Room (TR 38.808) is not so popular and hard to guarantee indoor TRP(s) in real deployment. For UMi and UMa, the gNBs/TRPs are deployed outdoor, but the sensing target (human) is indoor. This implies 100% NLOS link and non-negligible penetration loss between sensing transmitter/receiver and sensing target, when TRP is participating sensing (e.g., UE-to-TRP bi-static sensing mode). It is obvious that UMa and UMi are not promising scenarios for sensing human indoor. We suggest focusing on InF and Indoor Office. 
· A set of two human sizes is considered. The typical human size (Length x Width x Height) is 0.5m x 0.5m x 1.75m as mentioned in [1], which is obviously for adult and should be the baseline. In addition, we can consider a smaller size of 0.3m x 0.3m x 1m for children.
· According to TR 38.901, for indoor, the minimum 2D distance between BS/TRP and UE is usually 0m. In other words, they can be fully overlapped in horizontal plane. Based on this logic, the minimum 3D distance between BS/TRP and human is equal to the height of BS/TRP. For minimum 2D distance between UE and human, or different humans, we think 3m in horizontal plane is comfortable and suitable. Since they are all on the ground, the 3D distance shall be the same as 2D distance.
· For sensing area, three options are provided. Option 1 is straightforward. In Option 2 and Option 3, the concept of convex hull is applied, which is wildly used in positioning study, typically in InF scenario. And apparently, Option 3 is a simplified case of Option 2.
Proposal 3: Adopt Table 2 for sensing humans indoors.
Humans outdoors
For sensing humans outdoors, our views are captured in Table 3.
[bookmark: _Ref165209237]Table 3 Evaluation parameter template for sensing humans outdoors
	Parameters
	Value

	Applicable communication scenarios
	UMi, UMa, [RMa]

	Sensing transmitters and receivers properties
	The same as BS and/or UE for communication

	Supported sensing modes
	All 6 sensing modes defined in SID

	Sensing target
	Outdoor/indoor
	Outdoor

	
	3D mobility
	Horizontal: speed = 3 km/h (baseline), 10 km/h, 20km/h, uniformly random direction
Vertical: N/A

	
	3D distribution
	Horizontal plane: uniformly distributed within sensing area
Vertical plane: N/A
The maximum total number of sensing target: [5] per sensing area 

	
	Orientation
	FFS, pending on progress of RCS modeling

	
	Physical characteristics (e.g., size)
	At most two types of humans (Length x Width x Height):
· Adult: 0.5m x 0.5m x 1.75m (baseline)
· Children: 0.3m x 0.3m x 1m

	[Unintended/Environment objects]
	Types
	FFS

	
	3D mobility
	FFS

	
	3D distribution
	FFS

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	FFS

	[Sensing area]
	Horizontal: 
· Option 1: each cell of the cell layout;
· Option 2: central cell of the cell layout
Vertical: on the ground

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	Between BS and sensing target (i.e., human):
· UMi: 
· 2D: 10m
· 3D: calculated based on minimum 2D distance, if needed
· UMa: 
· 2D: 35m
· 3D: calculated based on minimum 2D distance, if needed
· [RMa]: 
· 2D: 35m
· 3D: calculated based on minimum 2D distance, if needed
Between UE and sensing target (i.e., human):
· 2D: 3m
· 3D: the same as 2D
Between different sensing targets (i.e., human): 
· 2D: 3m
· 3D: the same as 2D


By largely reusing the characteristics of terrestrial UE outdoor in TR 38.901[3] as the characteristics of human outdoor, most of the contents are aligned with TR 38.901. Additionally, we have the following consideration:
· RMa is still marked in square bracket. Note that whether [RMa] is pursued or not is still under discussion. The main concern is the significant wireless signal fading due to large ISD in RMa, which is possible when the sensing target could be far away from gNB. We are open to consider since sensing capability may be desired and useful in rural deployment.
· A set of three different speeds from 3 to 20 km/h are considered. Compared to human indoor (3 km/h only), it is realistic to consider a faster speed for human outdoor since he/she may be running. Still, 3 km/h can be considered as baseline since walking is more common.
· A set of two human sizes is considered, as discussed in Section 2.2.2.
· According to TR 38.901, the minimum 2D distance between BS/TRP and UE is varying from 10m to 35m, depending on exact scenarios. This can be directly applied to BS/TRP to human outdoor. Correspondingly, the minimum 3D distance can be calculated based on 2D distance and the height difference between BS/TRP, but seems unnecessary. For minimum 2D distance between UE and human, or different humans, we think 3m in horizontal plane is comfortable and suitable. Since they are all on the ground, the 3D distance shall be the same as 2D distance.
Proposal 4: Adopt Table 3 for sensing humans outdoors.
[bookmark: _Ref162609271]Automotive vehicles
For sensing automotive vehicles, our views are captured in Table 4.
[bookmark: _Ref165212971]Table 4 Evaluation parameter template for sensing automotive vehicles
	Parameters
	Value

	Applicable communication scenarios
	Highway, Urban grid, UMa, UMi, RMa

	Sensing transmitters and receivers properties
	The same as BS and/or pedestrian UE and/or vehicle UE and/or RSU (when deployed) for communication
RSU deployment refers to TR 38.859

	Supported sensing modes
	All 6 sensing modes defined in SID

	Sensing target
	Outdoor/indoor
	Outdoor

	
	3D mobility
	Horizontal:
· For Highway, reuse the vehicle mobility defined in TR 37.885 for highway scenario
· For Urban grid, reuse the vehicle mobility defined in TR 37.885 for Urban grid
· FFS UMa, UMi, RMa, e.g., whether to adopt characteristics of vehicle from highway scenario
Vertical: N/A

	
	3D distribution
	Horizontal:
· For Highway, reuse the vehicle UE dropping options defined in TR 37.885 for highway scenario
· For Urban grid, reuse the vehicle UE dropping options defined in TR 37.885 for Urban grid
· FFS UMa, UMi, RMa, e.g., whether to adopt characteristics of vehicle from highway scenario
Vertical: N/A
The sensing target is random selected from the dropped vehicle UEs
The maximum total number of sensing target: [N] per sensing area

	
	Orientation
	FFS, pending on progress of RCS modeling

	
	Physical characteristics (e.g., size)
	Two types of vehicles as sensing target (Length x Width x Height):
· Type 1 (passenger vehicle): 5.0m x 2.0m x 1.6 m
· Type 2 (truck/bus): 13m x 2.6m x 3m

	[Unintended/Environment objects]
	Types
	FFS

	
	3D mobility
	FFS

	
	3D distribution
	FFS

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	FFS

	[Sensing area]
	Horizontal: within the highway/road
Vertical: on the ground

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	Between BS and sensing target (i.e., vehicle): 
· 2D: 35m, as defined in TR 37.885/TR 36.885
· 3D: calculated based on minimum 2D distance, if needed
Between pedestrian UE and sensing target (i.e., vehicle):
· 2D: 3.5m, assuming sidewalk = 3m and lane width = 4m
· 3D: the same as 2D
Between RSU and sensing target (i.e., vehicle)
· 2D: [0.5m], assuming lane width = 4m, and vehicle width = 3m, and RSU is located along the both sides of the highway as in TR 38.859
· 3D: calculated based on minimum 2D distance, if needed
Between vehicle UE and sensing targets (i.e., vehicles): 
· 2D: reuse the vehicle UE dropping rules defined in TR 37.885, i.e., the distance between the rear bumper of a vehicle and the front bumper of the following vehicle in the same lane is max {2 meter, an exponential random variable with the average of the speed * 2 sec}
· 3D: the same as 2D
Between different sensing targets (i.e., vehicles): the same as between vehicle UE and sensing target
· 2D: reuse the vehicle UE dropping rules defined in TR 37.885, i.e., the distance between the rear bumper of a vehicle and the front bumper of the following vehicle in the same lane is max {2 meter, an exponential random variable with the average of the speed * 2 sec}
· 3D: the same as 2D


By largely reusing the characteristics of vehicle UE in TR 37.885 [5] as the characteristics of automotive vehicles to be sensed, most of the contents are aligned with TR 37.885. Additionally, we have the following consideration:
· There is no explicit definition of vehicle UE in UMa, UMi and RMa. However, according to Section A.1 of TR 36.885 [7], the highway is naturally embedded in a typical cellular network just as UMa/UMi/RMa. Figure A.1.3-2 in TR 36.885 is copied below for reference. We should clarify whether we still need to consider UMa/UMi/RMa different from highway for this case.
ISD=1732m
Simulation region=2ISD=3464m
Wrapping around region
Wrapping around region

Figure 1 Example of freeway (highway) embedded in cellular network (Figure A.1.3-2 in TR 36.885)
· If UE-type RSU is considered as sensing transmitter/receiver, it is suggested to refer to TR 38.859 [8] for RSU deployment. According to TR 38.859 [8], UE-type RSUs are uniformly located with 200m spacing on both sides of highway symmetrically, which is different from the layout of UE-type RSU in TR 37.885, for the purpose of better positioning performance. Similar consideration should be applied to ISAC. 
· There are three types of vehicles defined in TR 37.885 (Type1, Type2, and Type3). However, the first two types have identical size, but just different antenna heights. As a sensing target, the sizes of first two types have no difference and should be combined into one type. So we only have two types of vehicle sizes as sensing target, i.e., passenger vehicle or bus/truck.
· In most cases, minimum 2D distance is enough. 3D distance can be calculated according to 2D distance, but seems unnecessary.
Proposal 5: Adopt Table 4 for sensing automotive vehicles.
[bookmark: _Ref157625520]Automated guided vehicles (AGV) 
For sensing AGV, our views are captured in Table 5.
[bookmark: _Ref165215777]Table 5 Evaluation parameter template for sensing AGVs
	Parameters
	Value

	Applicable communication scenarios
	InF (including 5 sub-scenarios as defined in TR 38.901, i.e., InF-SL, InF-DL, InF-SH, InF-DH, InF-HH)

	Sensing transmitters and receivers properties
	The same as BS for communication

	Supported sensing modes
	TRP-monostatic, TRP-to-TRP bi-static

	Sensing target
	Outdoor/indoor
	Indoor 

	
	3D mobility
	Horizontal: speed = 5 km/h, uniformly random direction
Vertical: N/A

	
	3D distribution
	Horizontal: uniformly distributed within sensing area
Vertical: N/A
The maximum total number of sensing target: [3] per sensing area

	
	Orientation
	FFS, pending on progress of RCS modeling

	
	Physical characteristics (e.g., size)
	At most three types of AGV:
· Small: 0.5m * 0.5m * 0.5m
· Medium: 1.5m * 1m * 1m (baseline)
· Large: 2.5m * 1.5m * 2m

	[Unintended/Environment objects]
	Types
	FFS

	
	3D mobility
	FFS

	
	3D distribution
	FFS

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	FFS

	[Sensing area]
	Horizontal: 
· Option 1: each cell in the layout (factory)
· Option 2: convex hull of each horizontal BS deployment
· Option 3: convex hull of one selected BS
Vertical: on the ground

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	Between BS and sensing target (i.e., AGV): 
· 2D: 0m
· 3D: the same as cell height
Between different sensing targets (i.e., AGVs):
· 2D: 3m
· 3D: the same as 2D


AGV is typically deployed in an intelligent factory. For evaluation, AGV is a new entity to be considered in NR TR family in air interface, and thus cannot be found in current TR of air interface. Based on some research, we have the following consideration:
· Sensing mode: It is unrealistic to ensure that there will always be a UE near the AGV in an intelligent factory. Thus TRP-only sensing modes are considered in this case.
· Mobility: the speed is considered as 5 km/h. It is understood that the AGV speed may be varying, depending on its usage and type. But usually the AGV speed is no larger than 100m/min. We think a speed of 5 km/h is suitable. For the sake of simplicity, we consider the direction as uniformly random direction.
· Distribution: For simplicity, we consider uniformly distribution on the ground. 
· Physical characteristics: we consider 3 reference sizes (small, medium, large) for AGV, which will impact RCS. Furthermore, to simplify the modeling and future evaluation, medium size is considered as baseline.
· Minimum 3D distances: considering the similarity of characteristics between AGV and human indoor, we decide the parameters by referring to human indoor case.
Proposal 6: Adopt Table 5 for sensing AGV.
Objects creating hazards on roads/railways
For sensing objects creating hazards, our views are captured in Table 6.
[bookmark: _Ref165217466]Table 6 Evaluation parameter template for sensing objects creating hazards on roads/railways
	Parameters
	Value

	Applicable communication scenarios
	Highway, Urban grid
	High speed train (HST)

	Sensing transmitters and receivers properties
	The same as BS and/or pedestrian UE and/or vehicle UE and/or RSU (when deployed) for communication
RSU deployment refers to TR 38.859
	The same as BS for communication

	Supported sensing modes
	All 6 sensing modes defined in SID
	TRP-monostatic, TRP-to-TRP bi-static

	Sensing target
	Outdoor/indoor
	Outdoor

	
	3D mobility
	Horizontal: speed = 3 km/h, 10 km/h, 20km/h, uniformly random direction
Vertical: N/A

	
	3D distribution
	Horizontal plane: uniformly distributed within sensing area
Vertical plane: N/A
The maximum total number of sensing target: [5] per sensing area

	
	Orientation
	FFS, pending on progress of RCS modeling

	
	Physical characteristics (e.g., size)
	Human (pedestrian): 0.5m x 0.5m x 1.75m
Animal (sheep, deer): 1.5m x 0.5m x 1 m

	[Unintended/Environment objects]
	Types
	FFS

	
	3D mobility
	FFS

	
	3D distribution
	FFS

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	FFS

	[Sensing area]
	Horizontal: within the highway/road and near the highway/road (within 3m)
Vertical: on the ground
	Horizontal: within the railway and near the railway (within 3m)
Vertical: on the ground

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	Between BS and sensing target (i.e., human, animal): 
· 2D: 35m, as defined in TR 37.885/TR 36.885
· 3D: calculated based on minimum 2D distance, if needed
Between RSU and sensing target (i.e., vehicle)
· 2D: [0.5m], assuming lane width = 4m, and vehicle width = 3m, and RSU is located along the both sides of the highway as TR38.859
· 3D: calculated based on minimum 2D distance, if needed
Between pedestrian UE and sensing target (i.e., human, animal):
· 2D: 3m
· 3D: the same as 2D
Between vehicle UE and sensing targets (i.e., human, animal): 
· 2D:  3.5m assuming sidewalk width = 3m, and lane width= 4m,
· 3D: the same as 2D
Between different sensing targets (i.e., human, animal): 
· 2D: 3m
· 3D: the same as 2D
	Between BS and sensing target (i.e., human, animal): 
· 2D: 35m
· 3D: calculated based on minimum 2D distance, if needed
Between different sensing targets (i.e., human, animal): 
· 2D: 3m
· 3D: the same as 2D


It is a little complicated for this use case, due to the difference between railway and highway. We have the following consideration:
· Sensing transmitter/receiver: For highway or urban grid scenario, BS and/or pedestrian UE and/or vehicle UE and/or RSU may participant sensing. However, for railway scenario, it is unrealistic to ensure that there will always be a UE near the railway. Therefore, we only consider BS/TRP as sensing nodes for railway scenario.
· Sensing mode: For highway or urban grid scenario, similar to automotive vehicle case, we consider all 6 sensing modes. But due to the reason mentioned above, we consider TRP-only sensing modes for railway scenario. 
· Sensing target: according to Section 5.2 and Section 5.7 of TR 22.837 [1], the characteristics of traffic participants are defined and captured in Table 5.2.1-1 and Table 5.7.1-1 of TR 22.837, copied as follows.
Table 5.2.1-1 of TR 22.837
	
	Size
(Length x Width x Height) 
	[bookmark: _MCCTEMPBM_CRPT81540021___4]Typical velocity

	Pedestrian
[bookmark: _MCCTEMPBM_CRPT81540022___4](Adult)
	0.5m x 0.5m x 1.75m
	[bookmark: _MCCTEMPBM_CRPT81540023___4]5km/h

	Animal
[bookmark: _MCCTEMPBM_CRPT81540024___4](Sheep/deer)
	1.5m x 0.5m x 1 m
	[bookmark: _MCCTEMPBM_CRPT81540025___4]5km/h

	[bookmark: _MCCTEMPBM_CRPT81540026___4]Vehicle
	4m x 1.75m x 1.5m
	[bookmark: _MCCTEMPBM_CRPT81540027___4]60km/h - 120km/h


[bookmark: _MCCTEMPBM_CRPT81540055___4]Table 5.7.1-1of of TR 22.837
	
	Size
(Length x Width x Height) 
	[bookmark: _MCCTEMPBM_CRPT81540056___4]Velocity

	[bookmark: _MCCTEMPBM_CRPT81540057___4]Intruder
	Pedestrian(Adult): 
0.5m x 0.5m x 1.75m
	[bookmark: _MCCTEMPBM_CRPT81540058___4]5km/h 

	[bookmark: _MCCTEMPBM_CRPT81540059___4]
	Animal(Sheep/deer): 
1.5m x 0.5m x 1 m
	[bookmark: _MCCTEMPBM_CRPT81540060___4]5km/h

	[bookmark: _MCCTEMPBM_CRPT81540061___4]Trains
	24m x 3.5m x 3 m
	[bookmark: _MCCTEMPBM_CRPT81540062___4]100km/h - 350km/h


So, for all concerned scenarios, if we only consider objects ‘creating hazard’, i.e., ignore normal objects like vehicles or trains, the sensing targets should be pedestrians (human) and animals.
· Mobility: We think these can be considered in a way similar to humans outdoors.
· Distribution: We think these can be considered in a way similar to humans outdoors.
· Physical characteristics: For each kind of objects, i.e., human and animal, one typical size is defined according to Table 5.2.1-1 and Table 5.7.1-1 in TR 22.837 [1].
Proposal 7: Adopt Table 6 for sensing objects creating hazards on roads/railways.
[bookmark: _Ref162594992]Consideration on evaluation prioritization
It is true that no explicit prioritization or de-prioritization on scenarios is pursued in RAN1 for ISAC channel modeling. However, when evaluation is simulated, e.g. for calibration, down-selection on scenarios may be needed due to the limited TU. This is due to the fact that many channel modeling aspects are scenario-specific, e.g., LOS/NLOS probability, pathloss formula, cluster distribution, etc. 
For evaluation, our views on prioritized scenario for each use case is shown in Table 7. Note that we do not include sensing mode or frequency range in the table, which may be contribution driven. 
[bookmark: _Ref162598227]Table 7 Prioritized scenarios for each use case for evaluation.
	Sensing target
	[bookmark: _GoBack]Prioritized scenario

	UAV
	UMa-AV

	Humans
	Outdoors
	UMa

	
	Indoors
	One of InF/Indoor-Office

	Automotive vehicles
	Highway

	AGV
	InF

	Objects creating hazards
	Highway


In Table 7, the following aspects have been taken into consideration:
· Strive for using less scenarios to cover all the use cases/sensing targets.
· UMa is considered as the most interested scenario for all outdoor cases. In the future, if we need to evaluate the performance of sensing multiple kinds of targets (e.g., human + vehicle), UMa may be focused.
· InF can be applied to both humans indoors and AGV. However, Indoor-office is also interested as a typical indoor communication use case. One of InF/Indoor-Office can be considered if necessary.
· Highway can be applied to both automotive vehicles and objects creating hazards. Therefore, all of vehicle, human, and animal may be sensed in this scenario.
Proposal 8: For the purpose of evaluation in the future, if down-selection on deployment scenario is needed, consider the prioritized scenario for each use case/sensing target in Table 7.
Conclusion
In this contribution, we discuss the detailed scenarios of each use case for ISAC. The proposals are summarized as follows:
Proposal 1: Not all the scenarios in the table agreed in RAN1#116 have to be captured in TR 38.901. Whether the ISAC channel model of a specific scenario will be captured in TR 38.901 depends on the matureness of the study at the end of Rel-19.
Proposal 2: Adopt Table 1 for sensing UAV.
Proposal 3: Adopt Table 2 for sensing humans indoors.
Proposal 4: Adopt Table 3 for sensing humans outdoors.
Proposal 5: Adopt Table 4 for sensing automotive vehicles.
Proposal 6: Adopt Table 5 for sensing AGV.
Proposal 7: Adopt Table 6 for sensing objects creating hazards on roads/railways.
Proposal 8: For the purpose of evaluation in the future, if down-selection on deployment scenario is needed, consider the prioritized scenario for each use case/sensing target in Table 7.
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