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Introduction
A Study Item for Rel19 on channel modelling for Integrated Sensing and Communications (ISAC) for NR was approved in RAN#102 [1]. 
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The SI further identified the objectives for RAN1 to resolve:
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The study began in RAN1#116 in Feb. 2024. This contribution provides Nokia’s views regarding deployment scenarios or ISAC channel modeling.


Discussion
As discussed in RAN1#116, a mapping of baseline evaluation parameters from existing studies to evaluation parameters for sensing studies was agreed.

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



Additionally, a template was agreed in RAN1#116bis for contributing companies to propose evaluation parameters for newly identified deployment scenarios to be considered as part of the Rel-19 channel modeling study for ISAC. The following sub-sections include proposals for new deployment scenarios and their associated evaluation parameters using the corresponding studies from previous releases as a baseline. Highlighted entries in the table will need to be discussed later, after more progress is made regarding further progress on channel modeling and/or deployment scenario modeling. As an example, no agreements currently exist regarding whether/how to model EOs. Their inclusion in evaluation parameters will require clarification on whether they are supported.
UAV detection and tracking
As agreed in RAN1#116 UAV detection and tracking deployments should follow closely to the communications deployments captured in [4]. As in [4], a reasonable baseline for modelling UAV detection and tracking would be to consider UMi-AV, UMa-AV, and RMa-AV scenarios for UAV detection and tracking as part of Rel-19 study on ISAC channel modelling. 
Proposal 1:	Define evaluation parameters for UMi-AV, UMa-AV, and RMa-AV scenarios to be studied as part of Rel-19 ISAC channel modelling study.
[bookmark: _Ref166017991]Table 1: Proposed evaluation parameters for UAV detection and tracking in urban macro deployments
	Parameters
	Value

	Applicable communication scenarios
	Uma-AV

	Sensing transmitters and receivers properties
	

	Supported sensing modes
	TRP-to-TRP bistatic and monostatic

	Sensing target
	Outdoor/indoor
	Outdoor

	
	3D mobility
	Max speeds up to 160 km/h

	
	3D distribution
	uniform

	
	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]
	10 m



[bookmark: _Ref166017993]Table 2: Proposed evaluation parameters for UAV detection and tracking in urban micro deployments
	Parameters
	Value

	Applicable communication scenarios
	Umi-AV

	Sensing transmitters and receivers properties
	

	Supported sensing modes
	TRP-to-TRP bistatic and monostatic

	Sensing target
	Outdoor/indoor
	Outdoor

	
	3D mobility
	Max speeds up to 160 km/h

	
	3D distribution
	Uniform

	
	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]
	10 m



[bookmark: _Ref166017996]Table 3: Proposed evaluation parameters for UAV detection and tracking in rural macro deployments
	Parameters
	Value

	Applicable communication scenarios
	RMa-AV

	Sensing transmitters and receivers properties
	

	Supported sensing modes
	TRP-to-TRP bistatic and monostatic

	Sensing target
	Outdoor/indoor
	Outdoor

	
	3D mobility
	Max speeds up to 160 km/h

	
	3D distribution
	Uniform

	
	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]
	10 m



Proposal 2:	Use the evaluation parameters proposed in Table 1, Table 2, Table 3 for UMa-AV, UMi-AV, and RMa-AV scenarios respectively in Rel-19 ISAC channel modelling study.

Pedestrian detection and tracking
[bookmark: _Hlk166018413]As agreed in RAN1#116 UAV detection and tracking deployments should follow closely to the indoor communications deployments captured in [2]; however, there is value in considering at least urban micro deployments as well for the monitoring of city centers and dense commercial areas.  For these reasons we propose the introduction of InF-P, InO-P, and UMi-P scenarios for study of pedestrian detection and tracking as part of Rel-19 ISAC channel modelling. 
Proposal 3:	Define evaluation parameters for InF-P, InO-P, and UMi-P scenarios to be studied as part of Rel-19 ISAC channel modelling study.
[bookmark: _Ref166018067]Table 4: Proposed evaluation parameters for pedestrian/human detection and tracking in urban micro deployments
	Parameters
	Value

	Applicable communication scenarios
	UMi

	Sensing transmitters and receivers properties
	

	Supported sensing modes
	TRP-to-TRP bistatic and monostatic, DL/UL bistatic

	Sensing target
	Outdoor/indoor
	Outdoor

	
	3D mobility
	Speeds up to 3 km/h

	
	3D distribution
	Uniform in 2D

	
	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]
	10 m in 2D



[bookmark: _Ref166018069]Table 5: Proposed evaluation parameters for pedestrian/human detection and tracking in indoor office deployments
	Parameters
	Value

	Applicable communication scenarios
	InO

	Sensing transmitters and receivers properties
	

	Supported sensing modes
	TRP-to-TRP bistatic, UL/DL bistatic TRP monostatic, UE monostatic

	Sensing target
	Outdoor/indoor
	Indoor

	
	3D mobility
	3 km/hr

	
	3D distribution
	Uniform in 2D

	
	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]
	0 m in 2D



[bookmark: _Ref166018071]Table 6: Proposed evaluation parameters for pedestrian/human detection and tracking in indoor factory deployments.
	Parameters
	Value

	Applicable communication scenarios
	InF

	Sensing transmitters and receivers properties
	

	Supported sensing modes
	TRP-to-TRP bistatic, UL/DL bistatic TRP monostatic, UE monostatic

	Sensing target
	Outdoor/indoor
	Indoor

	
	3D mobility
	3 km/hr

	
	3D distribution
	Uniform in 2D

	
	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]
	0 m in 2D



Proposal 4:	Use the evaluation parameters proposed in Table 4, Table 5, and Table 6 for UMi-P, InO-P, and InF-P scenarios respectively in Rel-19 ISAC channel modelling study.

Automobile detection and tracking
As agreed in RAN1#116 automobile detection and tracking deployments should follow closely to the communications deployments captured in [3]. We propose the introduction of Highway-Auto and Urban Grid-Auto scenarios for study of automobile detection and tracking as part of Rel-19 ISAC channel modelling. 
Proposal 5:	Define evaluation parameters Highway-Auto and Urban Grid-Auto scenarios to be studied as part of Rel-19 ISAC channel modelling study.

[bookmark: _Ref166018822]Table 7: Proposed evaluation parameters for automobile detection and tracking in highway deployments.
	Parameters
	Value

	Applicable communication scenarios
	V2X Highway scenario [3]

	Sensing transmitters and receivers properties
	

	Supported sensing modes
	TRP-to-TRP bistatic, UL/DL bistatic TRP monostatic, UE monostatic

	Sensing target
	Outdoor/indoor
	Outdoor

	
	3D mobility
	Max speeds up to 140 km/h

	
	3D distribution
	Clustered dropping

	
	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]
	



[bookmark: _Ref166018823]Table 8: Proposed evaluation parameters for automobile detection and tracking in urban grid deployments
	Parameters
	Value

	Applicable communication scenarios
	V2X urban grid

	Sensing transmitters and receivers properties
	

	Supported sensing modes
	TRP-to-TRP bistatic, UL/DL bistatic TRP monostatic, UE monostatic

	Sensing target
	Outdoor/indoor
	Outdoor

	
	3D mobility
	60 km/h

	
	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]
	



Proposal 6:	Use the evaluation parameters proposed in Table 7 and Table 8 for Highway-Auto and Urban Grid-Auto scenarios respectively in Rel-19 ISAC channel modelling study.
Roadside hazard detection
[bookmark: _Hlk166018743]As agreed in RAN1#116 roadside hazard detection and tracking deployments should follow closely to the communications deployments captured in [3]. We propose the introduction of Highway-Hazard and Urban Grid-Hazard scenarios for study of roadside hazard detection as part of Rel-19 ISAC channel modelling. 
Proposal 7:	Define evaluation parameters Highway-Hazard and Urban Grid-Hazard scenarios to be studied as part of Rel-19 ISAC channel modelling study.

[bookmark: _Ref166018905]Table 9: Proposed evaluation parameters for roadside hazard detection in highway deployments
	Parameters
	Value

	Applicable communication scenarios
	V2X highway scenario

	Sensing transmitters and receivers properties
	

	Supported sensing modes
	TRP-to-TRP bistatic, UL/DL bistatic TRP monostatic, UE monostatic

	Sensing target
	Outdoor/indoor
	Outdoor

	
	3D mobility
	5 km/h - animals
3 km/h - pedestrians

	
	3D distribution
	Uniform in 2D

	
	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]
	



[bookmark: _Ref166018908]Table 10: Proposed evaluation parameters for roadside hazard detection in urban grid deployments
	Parameters
	Value

	Applicable communication scenarios
	V2X urban grid scenarios

	Sensing transmitters and receivers properties
	

	Supported sensing modes
	TRP-to-TRP bistatic, UL/DL bistatic TRP monostatic, UE monostatic

	Sensing target
	Outdoor/indoor
	Outdoor

	
	3D mobility
	5 km/h - animals
3 km/h - pedestrians

	
	3D distribution
	Uniform in 2D

	
	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]
	



Proposal 8:	Use the evaluation parameters proposed in Table 9 and Table 10 for Highway-Hazard and Urban Grid-Hazard scenarios respectively in Rel-19 ISAC channel modelling study.

AGV tracking and detection
As agreed in RAN1#116 AGV detection and tracking deployments should follow closely to the InF communications deployment captured in [2]. We propose the introduction of InF-AGV scenario for study of AGV detection and tracking as part of Rel-19 ISAC channel modelling. 
Proposal 9:	Define evaluation parameters InF-AGV scenario to be studied as part of Rel-19 ISAC channel modelling study.

[bookmark: _Ref166019056]Table 11: Proposed evaluation parameters for AGV detection and tracking in indoor factory deployments
	Parameters
	Value

	Applicable communication scenarios
	InF

	Sensing transmitters and receivers properties
	

	Supported sensing modes
	TRP-to-TRP bistatic, UL/DL bistatic TRP monostatic, UE monostatic

	Sensing target
	Outdoor/indoor
	Indoor

	
	3D mobility
	Max speeds up to 12 km/h

	
	3D distribution
	Uniform in 2D

	
	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]
	0 m in 2D



Proposal 10:	Use the evaluation parameters proposed in Table 11 for InF-AGV scenario in Rel-19 ISAC channel modelling study.

Conclusion
In this contribution, the following proposals are made regarding use cases and scenarios for ISAC channel modeling::
Proposal 1:	Define evaluation parameters for UMi-AV, UMa-AV, and RMa-AV scenarios to be studied as part of Rel-19 ISAC channel modelling study.
Proposal 2:	Use the evaluation parameters proposed in Table 1, Table 2, Table 3 for UMa-AV, UMi-AV, and RMa-AV scenarios respectively in Rel-19 ISAC channel modelling study.
Proposal 3:	Define evaluation parameters for InF-P, InO-P, and UMi-P scenarios to be studied as part of Rel-19 ISAC channel modelling study.
Proposal 4:	Use the evaluation parameters proposed in Table 4, Table 5, and Table 6 for UMi-P, InO-P, and InF-P scenarios respectively in Rel-19 ISAC channel modelling study.
Proposal 5:	Define evaluation parameters Highway-Auto and Urban Grid-Auto scenarios to be studied as part of Rel-19 ISAC channel modelling study.
Proposal 6:	Use the evaluation parameters proposed in Table 7 and Table 8 for Highway-Auto and Urban Grid-Auto scenarios respectively in Rel-19 ISAC channel modelling study.
Proposal 7:	Define evaluation parameters Highway-Hazard and Urban Grid-Hazard scenarios to be studied as part of Rel-19 ISAC channel modelling study.
Proposal 8:	Use the evaluation parameters proposed in Table 9 and Table 10 for Highway-Hazard and Urban Grid-Hazard scenarios respectively in Rel-19 ISAC channel modelling study.
Proposal 9:	Define evaluation parameters InF-AGV scenario to be studied as part of Rel-19 ISAC channel modelling study.
Proposal 10:	Use the evaluation parameters proposed in Table 11 for InF-AGV scenario in Rel-19 ISAC channel modelling study.
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Curreat 5G-Advanced network design focuses primarily on data transmission, and the radio channel model defined to
cover frequencies up to 100GHz was developed with this in mind. Although RAT-based positioning s supported, the
specifications do not offer the in-bult capability to detect objects not connected to the nefwork.

If sensing capability i integrated into the design of the system, sensing may be offered as a service alongside
communications.

‘TR22.837 identifies a very wide range of use cases for such integrated sensing

Itis therefore important to establish  sofid channel modelling framework to enable evaluation of sensing techniques for
such use cases. The existing models in TR38.901 are not designed for sensing, in, they do not address target
‘modelting and sensing, and background environment modelling and differentiation from targets. Both radar cross-

section (RCS) and mobility of targets and other objects in the environment need to be modelled, and the model must be
spatially consistent.

This study addresses these gaps in the channel model in 38.901 to enable evaluation of sensing techniques.
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The focus of the study is to define channel modelling aspects to support object detection and/or tracking (as per the SA1 meaning
in TS 22.137). The study should aim at a common modelling framework capable of detecting and/or tracking the following
example objects and to enable them to be distinguished from unintended objects
e 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




