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[bookmark: _Ref513464071]Introduction
At the RAN1#116-bis meeting, agreements were reached around sensing terminologies and also the set of parameters for different sensing targets and corresponding deployment scenarios of interest. 
In this contribution, we further delve into the deployment parameters applicable to the sensing targets and scenarios of interest to us.
[bookmark: _Hlk101726869]ISAC scenarios
Prioritization of sensing scenarios
In RAN1 #116, following agreement was reached on the deployment scenarios for the different sensing targets as a starting point.
	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





The agreement outlines the scope of channel modelling concerning various sensing targets and their corresponding deployment scenarios. Additionally, the table also lists several tentative scenarios, enclosed in square brackets, which are yet to be confirmed within the study scope.
As discussed in our contribution submitted in RAN1#116b [1], among the scenarios in square brackets, only scenario B from indoor room deployment [2] for indoor human deployment should be considered in the scope for Rel. 19 ISAC study.
Proposal 1: Support only indoor scenario B of the Indoor Room deployment scenarios from TR 38.808 for indoor human targets.
Proposal 2: Deprioritize the UMa and UMi scenarios for indoor human targets and RMa scenarios for outdoor human targets.
Evaluation parameters for sensing scenarios
At the RAN1#116-bis meeting, the following template was agreed for defining the evaluation parameters for different scenarios associated with various sensing targets as a starting point:
	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 what follows, we provide our views around the meaning of the evaluation parameters and corresponding values. 

Object Orientation:

An object orientation, where the object can be either a sensing target or environment object (EO), has been considered as an evaluation parameter in defining deployment scenarios. Object orientation can be defined as a reference for both the incident angle of the wave from the transmitter to the object and the reflection angle of the wave from the object to the receiver. One representation of orientation can be given through local and global coordinate systems (LCS and GCS), similar to how the orientation of base stations (BS) and user equipment (UE) is defined in TR 38.901 [3].

As the orientation is associated with the incident and the reflected angle, it can influence the radar cross section (RCS) of the object. Additionally, the change in orientation of the sensing target can impact the spatial and/or temporal consistency. However, incorporating this modelling aspect may require tracking the orientation of the object with respect to the transmitter and the receiver and adds additional complexity to the channel model.

Observation 1: The orientation of an object can influence its RCS.

Considering the RCS is modelled statistically, the orientation when dropping the object in the scenario can be considered to follow from a random distribution (e.g., uniformly distributed orientation). The statistical modelling of RCS can model the average effect of orientation.

Additionally, orientation, as in TR 38.901 [3], can be defined by three angles, namely bearing angle, downtilt angle and slant angle. For defining orientation of the object, randomizing only the bearing angle can be considered (e.g., object rotation in only one axis).

Proposal 3: If the objective is to model randomness in the ISAC channel model due to rotation of the object, adopt a random orientation (e.g., uniform distribution) in one axis (e.g., bearing angle) when dropping the object.
Top of Form

Sensing area:

When considering the sensing area as a parameter in the evaluation scenario, the intention is to define a region where the sensing targets can be dropped such that they can be localized within a specific accuracy requirement.

Observation 2: The sensing area can be defined as the region where the sensing target can be dropped during an ISAC channel realization.
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Figure 1: Figure illustrating a 2D representation of sensing area for bistatic sensing (left) and monostatic sensing (right) based on maximum sensing range (τBS and τMS).
One approach for defining the sensing area is in terms of maximum sensing range, which denotes the furthest distance at which the sensing target can be sensed or localized within a specific accuracy requirement. As illustrated in Figure 1, for monostatic sensing, the sensing range can correspond to a circle (in 2D) or a sphere (in 3D), where the radius is a function of maximum sensing range. For bistatic sensing, the sensing area can correspond to an ellipse (in 2D) or an ellipsoid (in 3D), where the major axis is defined by the maximum sensing range.

However, in indoor sensing scenarios, the sensing area can be constrained by the confines of the indoor space. In such instances, the sensing area can be defined as either the indoor area for the given deployment scenario or convex hull defined by the location of sensing transmitters.

Proposal 4: For outdoor sensing, the sensing area is defined as a function of the maximum sensing range which corresponds to a circle (in 2D) or sphere (in 3D) for monostatic sensing and ellipse (in 2D) or ellipsoid (in 3D) for bistatic sensing, respectively.

Proposal 5: For indoor sensing, the sensing area is defined as either the relevant indoor space or by the convex hull as a function of sensing transmitter locations from the respective deployment scenario.

Minimum distances between pairs of Tx/Rx/sensing target:
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Figure 2: Figure illustrating a 2D representation of sensing area for bistatic sensing (left) and monostatic sensing (right) based on minimum distances between Tx to target and target to Rx. The shaded region defines the sensing area for bistatic and monostatic sensing.

The agreed parameter list also includes minimum 3D distances between the transmitter to the sensing target, as well as the sensing target to the receiver. These distances are crucial to ensure that the sensing target is not dropped in the near-field region. 

The minimum 3D distance can be defined based on the Rayleigh distance, which defines the boundary between the near-field and far-field regions. As illustrated in Figure 2, the minimum distance can be represented by a circle (in 2D) or a sphere (in 3D) where the sensing target is considered to be within the Rayleigh distance and may not be dropped.

The Rayleigh distance can be defined as:

where D is the antenna aperture of radiation and  is the wavelength corresponding the center frequency. In the analysis, we assume that the target can be modeled as a single point scatter. Thus, for example, for Tx-target link, the target aperture can be considered negligible.

Proposal 6: The minimum distances between pairs of Tx/Rx/sensing target is defined based on Rayleigh distance to avoid dropping sensing target in the near-field region.

The sensing target location where it can be dropped can be based on the sensing area defined as a function of maximum sensing range and the minimum distances between the transmitter and the object and the object and the receiver, as illustrated by the shaded region in Figure 2. One potential starting point to determine the maximum sensing range may be the maximum coverage area.

Proposal 7: Define the sensing area as a function of maximum sensing range and the minimum distances between pairs of Tx/Rx/sensing target.

UAVs:
Since UAVs are mainly considered for outdoor sensing, the UE location for UAV sensing can be considered as outdoor as a starting point. The sensing Tx and Rx properties can be considered from TR 38.901 [3] and TR 36.777 [4]. Additionally, since the parameters associated for positioning evaluations for the UMi, UMa and RMa scenarios relevant to UAVs are considered in TR 38.855 [5], the TR could additionally be considered as starting point for defining the parameters for UAV sensing.

For UAVs, the following table can be considered as a starting point:

Table 1. Evaluation parameter for UAV sensing in UMa scenario
	Parameters
	Value

	Applicable communication scenarios
	· UMa from TR 38.901 [3], UMa-AV from TR 36.777 [4], UMa from TR 38.855 [5]

	Sensing transmitters and receivers properties
	Cell layout: 
· Hexagonal grid, 19 macro sites,3 sectors per site (ISD 500m) as starting point [3, 4, 5]

	
	· BS height: 25m [3, 4]
· BS antenna configuration: FFS, following as starting point:
· FR1: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ [5]
· FR2: FFS

	
	· UE location: 100% outdoor terrestrial as a starting point
· UE height: 1.5m [3]
· UE location distribution: Uniform in cell 
· UE antenna configuration: FFS, following as starting point:
· FR1: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = 0.5λ, [5]
· FR2: FFS
· UE mobility: 3km/h [3, 4, 5]

	Supported sensing modes
	· gNB-UE bistatic sensing 

	Sensing target
	Outdoor/indoor
	· Outdoor

	
	3D mobility
	· 160 km/h [4]

	
	3D distribution
	· Uniform within defined sensing area 

	
	Orientation
	· Uniform bearing angle between [0, 360], fixed downtilt and slant angles [3, similar to UE orientation distribution]

	
	Physical characteristics (e.g., size)
	· L x W x H: 1.6m x 1.5m x 0.7m as a starting point [6]

	[Unintended/Environment objects]
	Types
	· Buildings (FFS modelling)

	
	3D mobility
	· 0 km/h (Static)

	
	3D distribution
	· FFS

	
	Orientation
	· FFS

	
	Physical characteristics (e.g., size)
	· FFS

	[Sensing area]
	· Defined by maximum sensing range and minimum Tx to object and object to Rx distances

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	· Based on Rayleigh distance (function of antenna aperture size and wavelength):

	
	Min gNB to target distance
	Min UE to target distance

	FR1 (3.5 GHz)
	1.7m  
	0.17m

	FR2 (28 GHz)
	FFS (based on gNB antenna configuration)
	FFS (based on UE antenna configuration)



Note: Min Tx to target distance can be either min gNB to target distance or min UE to target distance depending on if the transmitter is gNB or the UE. Likewise for min target to Rx distance.


Proposal 8: Use Table 1 as a starting point for UMa deployment scenario for UAV sensing.
Human Indoors:
Human sensing can be considered both indoor and outdoor. For indoor, in this contribution, we consider InF and Indoor Room scenarios.

InF scenario:
For indoor human sensing in the InF scenario, both TR 38.901 [3] and TR 38.557 [7] can be considered as starting point where positioning evaluations were performed focusing on the InF scenario. Consider the following table for indoor human sensing in indoor factory deployment scenario:

Table 2. Evaluation parameter for human sensing in InF scenario
	Parameters
	Value

	Applicable communication scenarios
	· InF-SL, InF-DL, InF-SH, InF-DH from TR 38.901 [3] and InF-SH and InF-DH from TR 38.855 [5]

	Sensing transmitters and receivers properties
	Cell layout: [3, 7]
· 18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the small hall (L=120m x W=60m): D=20m
-	for the big hall (L=300m x W=150m): D=50m
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	· BS height: 1.5m (InF-SL, InF-DL) [3] and 8m (InF-SH, InF-DH) [3, 7]
· BS antenna configuration: FFS, following as starting point:
· FR1: (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ [7]
· FR2: (M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ [7]

	
	· UE location: 100% Indoor as a starting point
· UE height: 1.5m [3, 7]
· UE location distribution: Uniform in the convex hull of BS deployment [7]
· UE antenna configuration: FFS, following as starting point:
· FR1: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = 0.5λ [7]
· FR2:(M, N, P, Mg, Ng) = (2, 2, 2, 1, 1), dH, dV = 0.5λ [2]
· UE mobility: 3km/h [3, 7]

	Supported sensing modes
	· gNB-UE bistatic sensing, UE-UE bistatic sensing, UE monostatic sensing

	Sensing target
	Outdoor/indoor
	· Indoor

	
	3D mobility
	· 3 km/h

	
	3D distribution
	· Uniform within defined sensing coverage area

	
	Orientation
	· Uniform bearing angle between [0, 360], fixed downtilt and slant angles [3, similar to UE orientation distribution]

	
	Physical characteristics (e.g., size)
	· L x W x H: 0.5m x 0.5m x 1.75m as a starting point [6]

	[Unintended/Environment objects]
	Types
	· Ground (FFS other EOs)

	
	3D mobility
	· 0 km/h (Static)

	
	3D distribution
	· FFS

	
	Orientation
	· FFS

	
	Physical characteristics (e.g., size)
	· FFS

	[Sensing area]
	· Convex hull of BS deployment

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	· Based on Rayleigh distance (function of antenna aperture size and wavelength):

	
	Min gNB to target distance
	Min UE to target distance

	FR1 (3.5 GHz)
	1.36 m  
	0.17 m

	FR2 (28 GHz)
	0.4 m
	0.04 m



Note: Min Tx to target distance can be either min gNB to target distance or min UE to target distance depending on if the transmitter is gNB or the UE. Likewise for min target to Rx distance.



Proposal 9: Use Table 2 as a starting point for InF deployment scenario for indoor human sensing.
Indoor Room:
The Indoor Room scenario in [2] is mainly focused in FR2-1 frequency range. From the scenarios presented, for indoor human sensing, we only consider indoor scenario B. Consider the following parameters for indoor human sensing in indoor room scenario.

Table 3. Evaluation parameter for human sensing in Indoor Office scenario
	Parameters
	Value

	Applicable communication scenarios
	· Indoor Room Scenario B from TR 38.808 [2]

	Sensing transmitters and receivers properties
	Cell layout: Following scenario as a starting point [2]
· Office box 20m x 20 m, 2 BSs, BS randomly deployed within 10m x 10m virtual box, minimum distance between BS of different operators is 2m.
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	· BS height: 3m (ceiling) [2]
· BS antenna configuration: FFS, following as starting point:
· FR1: (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ [7]
· FR2: (M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ [2]

	
	· UE location: 100% Indoor as a starting point
· UE height: 1m [2]
· UE location distribution: Uniform within the office box
· UE antenna configuration: FFS, following as starting point:
· FR1: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = 0.5λ [7]
· FR2: (M, N, P, Mg, Ng) = (2, 2, 2, 1, 1), dH, dV = 0.5λ [2]
· UE mobility: 3km/h [2]

	Supported sensing modes
	· gNB-UE bistatic sensing, UE-UE bistatic sensing, UE monostatic sensing

	Sensing target
	Outdoor/indoor
	· Indoor

	
	3D mobility
	· 3 km/h

	
	3D distribution
	· Uniform within defined sensing coverage area

	
	Orientation
	· Uniform bearing angle between [0, 360], fixed downtilt and slant angles [3, similar to UE orientation distribution]

	
	Physical characteristics (e.g., size)
	· L x W x H: 0.5m x 0.5m x 1.75m as a starting point [6]

	[Unintended/Environment objects]
	Types
	· Ground (FFS other EOs)

	
	3D mobility
	· 0 km/h (Static)

	
	3D distribution
	· FFS

	
	Orientation
	· FFS

	
	Physical characteristics (e.g., size)
	· FFS

	[Sensing area]
	· Uniform within the office box, outside minimum Tx to object and object to Rx distance

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	· Based on Rayleigh distance (function of antenna aperture size and wavelength):

	
	Min gNB to target distance
	Min UE to target distance

	FR1 (3.5 GHz)
	1.36 m  
	0.17 m

	FR2 (28 GHz)
	0.4 m
	0.04 m



Note: Min Tx to target distance can be either min gNB to target distance or min UE to target distance depending on if the transmitter is gNB or the UE. Likewise for min target to Rx distance.



Proposal 10: Use Table 3 as a starting point for Indoor Office deployment scenario for indoor human sensing.

AGV:

For AGV sensing, we consider the InF scenario, both from TR 38.901 [3] and TR 38.557 [7] as a starting point. Consider the following parameters for indoor human sensing in indoor factory deployment scenario.

Table 4. Evaluation parameter for AGV sensing in InF scenario
	Parameters
	Value

	Applicable communication scenarios
	InF-SL, InF-DL, InF-SH, InF-DH from TR 38.901 [3] and InF-SH and InF-DH from TR 38.855 [5]

	Sensing transmitters and receivers properties
	Cell layout: [3, 7]
· 18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the small hall (L=120m x W=60m): D=20m
-	for the big hall (L=300m x W=150m): D=50m
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	· BS height: 1.5m (InF-SL, InF-DL) [3] and 8m (InF-SH, InF-DH) [3, 7]
· BS antenna configuration: FFS, following as starting point:
· FR1: (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ [7]
· FR2: (M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ [7]

	
	· UE location: 100% Indoor as a starting point
· UE height: 1.5m [3, 7]
· UE location distribution: Uniform in the convex hull of BS deployment [7]
· UE antenna configuration: FFS, following as starting point:
· FR1: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = 0.5λ [7]
· FR2: FR1: (M, N, P, Mg, Ng) = (2, 2, 2, 1, 1), dH, dV = 0.5λ [2]
· UE mobility: 3km/h [3, 7]

	Supported sensing modes
	· gNB-UE bistatic sensing, UE-UE bistatic sensing, UE monostatic sensing

	Sensing target
	Outdoor/indoor
	· Indoor

	
	3D mobility
	· 5km/h, 15km/h, 30km/h

	
	3D distribution
	· Uniform within defined sensing coverage area

	
	Orientation
	· Uniform bearing angle between [0, 360], fixed downtilt and slant angles [3, similar to UE orientation distribution]

	
	Physical characteristics (e.g., size)
	· L x W x H: [1.0] m x 3.0 m x 1.5m as starting point [3]

	[Unintended/Environment objects]
	Types
	· Ground (FFS other EOs)

	
	3D mobility
	· 0 km/h (Static)

	
	3D distribution
	· FFS

	
	Orientation
	· FFS

	
	Physical characteristics (e.g., size)
	· FFS

	[Sensing area]
	· Convex hull of BS deployment

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	· Based on Rayleigh distance (function of antenna aperture size and wavelength):

	
	Min gNB to target distance
	Min UE to target distance

	FR1 (3.5 GHz)
	1.36 m  
	0.17 m

	FR2 (28 GHz)
	0.4 m
	0.04 m



Note: Min Tx to target distance can be either min gNB to target distance or min UE to target distance depending on if the transmitter is gNB or the UE. Likewise for min target to Rx distance.



Proposal 11: Use Table 4 as a starting point for InF deployment scenario for AGV sensing.

Conclusion. 
In this contribution, we discussed and prioritized the sensing scenarios relevant to different sensing targets and use cases. Based on the discussion, we made the following observations and proposals:

Observation 1: Orientation of an object can influence its RCS.

Observation 2: The sensing area can be defined as the region where the sensing target can be dropped during an ISAC channel realization.
Proposal 1: Support only indoor scenario B of the Indoor Room deployment scenarios from TR 38.808 for indoor human targets.
Proposal 2: Deprioritize the UMa and UMi scenarios for indoor human targets and RMa scenarios for outdoor human targets.

Proposal 3: If the objective is to model randomness in the ISAC channel model due to rotation of the object, adopt a random orientation (e.g., uniform distribution) in one axis (e.g., bearing angle) when dropping the object.

Proposal 4: For outdoor sensing, the sensing area is defined as a function of the maximum sensing range which corresponds to a circle (in 2D) or sphere (in 3D) for monostatic sensing and ellipse (in 2D) or ellipsoid (in 3D) for bistatic sensing, respectively.

Proposal 5: For indoor sensing, the sensing area is defined as either the relevant indoor space or by the convex hull as a function of sensing transmitter locations from the respective deployment scenario.

Proposal 6: The minimum distances between pairs of Tx/Rx/sensing target is defined based on Rayleigh distance to avoid dropping sensing target in the near-field region.

Proposal 7: Define the sensing area as a function of maximum sensing range and the minimum distances between pairs of Tx/Rx/sensing target.
Proposal 8: Use Table 1 as a starting point for UMa deployment scenario for UAV sensing.
Proposal 9: Use Table 2 as a starting point for InF deployment scenario for indoor human sensing.
Proposal 10: Use Table 3 as a starting point for Indoor Office deployment scenario for indoor human sensing.
Proposal 11: Use Table 4 as a starting point for InF deployment scenario for AGV sensing.
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