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Introduction
[bookmark: _Hlk58595024]A new study item on Channel Modelling for Integrated Sensing and Communications was initiated in RAN #112 with the following objectives [5]:
	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:
· 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
All six sensing modes should be considered (i.e. TRP-TRP bistatic, TRP monostatic, TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic, UE monostatic). 
Frequencies from 0.5 to 52.6 GHz are the primary focus, with the assumption that the modelling approach should scale to 100 GHz. (If significant problems are identified with scaling above 52.6 GHz, the range above 52.6 GHz can be deprioritized.)
For the above use cases, sensing modes and frequencies:
· Identify details of the deployment scenarios corresponding to the above use cases.
· Define channel modelling details for sensing using 38.901 as a starting point, and taking into account relevant measurements, including:
a) modelling of sensing targets and background environment, including, for example (if needed by the above use cases), radar cross-section (RCS), mobility and clutter/scattering patterns;
b) spatial consistency.
It will be discussed at RAN#105 whether to include additional study beyond channel modelling for ISAC.



In this contribution, we identify the ISAC deployment scenarios for this SI. 
Discussion
Object Categories, Use Cases and Deployment Scenarios
The study identifies the following targets for identification:
· 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

The specific use case for each target influences the sensing modes, the frequency bands, and the overall deployment scenarios. As such, it is necessary to discuss the use cases that 3GPP will consider for each of these targets. As an example, the target models, sensing modes, frequency bands and other deployment scenario details for a use case on “UAV flight trajectory tracing” will be different from that for a use case on “sensing for UAV intrusion detection”.  The target categories are derived from the use case scenarios in TS 22.137 [6] and specific use cases defined in TR 22.837 [7].

The different target categories can be mapped to existing 3GPP evaluation/deployment scenarios that can serve as the baseline for any ISAC specific deployment scenarios. 

To identify the parameters related to the sensing target(s) that need to be added to each scenario, there is a need to further identify the specific use cases to be modeled e.g. Level 1 vs Level 2 UAV detection with parameter examples that include velocity, and number and size of targets.
The existing target categories, corresponding use cases and evaluation scenarios are captured in Table 1. 

The deployment scenarios for ISAC should be defined in an abstract enough manner to cover multiple use cases. On the specific use cases to be modeled:
· For UAV targets, at least use case on UAV flight trajectory tracing and use case on sensing for UAV intrusion detection (level 1 and 2) should be selected. 
· For human indoors and outdoors targets, at least the use cases on intruder detection in and surrounding a smart home and use case public safety search and rescue or apprehend should be selected.


Observation 1: Target Category, Corresponding Use Cases and Evaluation Scenarios

	Scenario
	Target Category
	Use Case index (22.837)
	Use Case Description (22.837)
	Evaluation Scenarios

	Object Detection and Tracking
	UAV 
	5.10
	Use case on UAV flight trajectory tracing
	UAV 
(TR 36.777 [2])

	
	
	5.12
	Use case on Network assisted sensing to avoid UAV collision
	

	
	
	5.13.
	Use case on sensing for UAV intrusion detection (level 1)
	

	
	
	5.13
	Use case on sensing for UAV intrusion detection (level 2)
	

	
	
	5.22
	Use case of UAVs/vehicles/pedestrians detection near Smart Grid equipment
	

	
	 
	 
	 
	 

	
	Human Indoors and Outdoors
	5.1
	Use case of intruder detection in smart home
	Indoor Office, UMi-street canyon, RMA, UMa 
(TR 38.901 [1])

	
	
	5.6
	Use case on intruder detection in surroundings of smart home
	

	
	
	5.22
	Use case of UAVs/vehicles/pedestrians detection near Smart Grid equipment
	

	
	
	5.25
	Use Case on immersive experience based on sensing
	

	
	
	5.27
	Use case public safety search and rescue or apprehend
	

	
	 
	 
	 
	 

	
	Automotive vehicles (at least outdoors)
	5.2
	Use case of Sensing for Parking Space Determination
	V2X 
(TR 38.855 [3] , 
TR 38.802 [4])

	
	
	5.14.
	Use case on sensing for tourist spot traffic management
	

	
	
	5.22
	Use case of UAVs/vehicles/pedestrians detection near Smart Grid equipment
	

	
	
	5.30
	Use case on sensing for automotive maneuvering and navigation service when not served by RAN
	

	
	
	5.28
	Use case on Vehicles Sensing for Advanced Driving Assistance System(ADAS) 
	

	
	 
	 
	 
	 

	
	Automated guided vehicles (e.g. in indoor factories)
	5.23
	Use case on AMR collision avoidance in smart factories
	Indoor Factory 
(TR 38.901 [1])

	
	
	5.32
	Use case of integrated sensing and positioning in factory hall
	

	
	 
	 
	 
	 

	
	Objects creating hazards on roads/railways, with a minimum size dependent on frequency
	5.7
	Use case on sensing for railway intrusion detection
	High Speed Train 
(TR 38.802 [4])

	
	
	5.11
	Use case on sensing at crossroads with/without obstacle
	V2X 
(TR 37.855[3], TR 38.802 [4])

	
	
	5.2
	Use case on pedestrian/animal intrusion detection on a highway
	




P1: RAN1 to identify specific use cases for each of the target types, associated scenarios, and corresponding legacy TRs to assist defining the deployment scenarios and corresponding deployment parameters for ISAC.

P2: The deployment scenarios should be defined in an abstract enough manner to cover multiple use cases. On the specific use cases to be modeled:
· For UAV targets, at least use case on UAV flight trajectory tracing and use case on sensing for UAV intrusion detection (level 1 and 2) should be selected. 
· For human indoors and outdoors targets, at least the use cases on  intruder detection in and surrounding a smart home and Use case public safety search and rescue or apprehend should be selected.


In RAN1 #116, the following agreement was made to map the use cases to the existing scenarios:

	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







Uma and UMi for Human Indoors Use case
For Human indoors, UMa and UMi should be captured. This is because as shown in the table below, even for the outdoor case, with Umi and Uma, there is an 80% UT indoor ratio.  Note that in this case, the evaluation can discuss the relative locations of the sensing transmitters, receivers and targets and focus on specific cases e.g. sensing transmitter outdoors, sensing receiver indoors and target outdoors for the human intruder case.
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P3: For Human indoors, UMa and UMi should be captured. 
· The evaluation can discuss the relative locations of the sensing transmitters, receivers and targets and focus on specific cases e.g. sensing transmitter outdoors, sensing receiver indoors and target outdoors for the human intruder case.


ISAC Deployment Scenario Definition
To fully define an ISAC deployment scenario, the following elements should be decided:
Use case, deployment scenario layout, sensing modes, sensing entities, target type, location, mobility, LOS/NLOS parameters, scattering parameters, minimum distance. 

In RAN1 #116-bis, the following template table was agreed on [8]:
	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]
	






P4: The table below shows evaluation parameters for the Human Indoor and Human Outdoor/public safety use case categories:

Evaluation parameter template for sensing scenarios
	Parameters
	Value
	
	

	Use Case Type
	Human Indoor
	Human Indoor (2)
	Human Outdoor/Public Safety

	Use case
	TS 22.837 Use cases
5.1, 5.27
	TS 22.837 Use cases
5.1, 5.27
	TS 22.837 Use cases
5.6, 5.22, 5.27

	Applicable communication scenarios
	Indoor Office, Indoor Room
	UMi, UMa
	UMi, UMa

	Sensing transmitters and receivers properties
	Tx: TRP, UE
Rx: UE, TRP
	Tx: TRP, UE
Rx: UE, TRP
	Tx: TRP, UE
Rx: UE, TRP

	Supported sensing modes
	TRP-TRP bistatic, TRP monostatic, TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic, UE monostatic
	TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic, UE monostatic
	TRP-TRP bistatic, TRP monostatic, TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic, UE monostatic

	Sensing target
	Outdoor/indoor
	Indoor
	Indoor
	Outdoor

	
	3D mobility
	Horizontal plane only
	Horizontal plane only
	Horizontal plane only

	
	3D distribution
	Horizontal plane: Uniform
	Horizontal plane: Uniform
	Horizontal plane: Uniform

	
	Orientation
	Option 1: Uniform distribution: [0: 2pi]
Option 2: N/A
	
	Option 1: Uniform distribution: [0: 2pi]
Option 2: N/A

	
	Physical characteristics (e.g., size)
	Size: Option of small, medium, large human
Option of specific type or uniform distribution
Single/Multipoint: FFS
RCS model: FFS
	Size: Option of small, medium, large human
Option of specific type or uniform distribution
Single/Multipoint: FFS
RCS model: FFS
	Size: Option of small, medium, large human
Option of specific type or uniform distribution
Single/Multipoint: FFS
RCS model: FFS

	[Unintended/Environment objects]
	Types
	FFS
	FFS
	FFS

	
	3D mobility
	FFS
	FFS
	FFS

	
	3D distribution
	FFS
	FFS
	FFS

	
	Orientation
	FFS
	FFS
	FFS

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

	[Sensing area]
	Indoors
	Indoor only
	Outdoor only

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	0
	Same as minimum distance of communications channel
	Same as minimum distance of communications channel





Conclusion
The following observations and proposals have been made in this contribution: 

P1: RAN1 to identify specific use cases for each of the target types, associated scenarios, and corresponding legacy TRs to assist defining the deployment scenarios and corresponding deployment parameters for ISAC.

P2: The deployment scenarios should be defined in an abstract enough manner to cover multiple use cases. On the specific use cases to be modeled:
· For UAV targets, at least use case on UAV flight trajectory tracing and use case on sensing for UAV intrusion detection (level 1 and 2) should be selected. 
· For human indoors and outdoors targets, at least the use cases on  intruder detection in and surrounding a smart home and Use case public safety search and rescue or apprehend should be selected.


Observation 1: Target Category, Corresponding Use Cases and Evaluation Scenarios

	Scenario
	Target Category
	Use Case index (22.837)
	Use Case Description (22.837)
	Evaluation Scenarios

	Object Detection and Tracking
	UAV 
	5.10
	Use case on UAV flight trajectory tracing
	UAV 
(TR 36.777 [2])

	
	
	5.12
	Use case on Network assisted sensing to avoid UAV collision
	

	
	
	5.13.
	Use case on sensing for UAV intrusion detection (level 1)
	

	
	
	5.13
	Use case on sensing for UAV intrusion detection (level 2)
	

	
	
	5.22
	Use case of UAVs/vehicles/pedestrians detection near Smart Grid equipment
	

	
	 
	 
	 
	 

	
	Human Indoors and Outdoors
	5.1
	Use case of intruder detection in smart home
	Indoor Office, UMi-street canyon, RMA, UMa 
(TR 38.901 [1])

	
	
	5.6
	Use case on intruder detection in surroundings of smart home
	

	
	
	5.22
	Use case of UAVs/vehicles/pedestrians detection near Smart Grid equipment
	

	
	
	5.25
	Use Case on immersive experience based on sensing
	

	
	
	5.27
	Use case public safety search and rescue or apprehend
	

	
	 
	 
	 
	 

	
	Automotive vehicles (at least outdoors)
	5.2
	Use case of Sensing for Parking Space Determination
	V2X 
(TR 38.855 [3] , 
TR 38.802 [4])

	
	
	5.14.
	Use case on sensing for tourist spot traffic management
	

	
	
	5.22
	Use case of UAVs/vehicles/pedestrians detection near Smart Grid equipment
	

	
	
	5.30
	Use case on sensing for automotive manoeuvring and navigation service when not served by RAN
	

	
	
	5.28
	Use case on Vehicles Sensing for Advanced Driving Assistance System(ADAS) 
	

	
	 
	 
	 
	 

	
	Automated guided vehicles (e.g. in indoor factories)
	5.23
	Use case on AMR collision avoidance in smart factories
	Indoor Factory 
(TR 38.901 [1])

	
	
	5.32
	Use case of integrated sensing and positioning in factory hall
	

	
	 
	 
	 
	 

	
	Objects creating hazards on roads/railways, with a minimum size dependent on frequency
	5.7
	Use case on sensing for railway intrusion detection
	High Speed Train 
(TR 38.802 [4])

	
	
	5.11
	Use case on sensing at crossroads with/without obstacle
	V2X 
(TR 37.855[3], TR 38.802 [4])

	
	
	5.2
	Use case on pedestrian/animal intrusion detection on a highway
	



P3: For Human indoors, UMa and UMi should be captured. 
· The evaluation can discuss the relative locations of the sensing transmitters, receivers and targets and focus on specific cases e.g. sensing transmitter outdoors, sensing receiver indoors and target outdoors for the human intruder case.

P4: The table below shows evaluation parameters for the Human Indoor and Human Outdoor/public safety use case categories:

Evaluation parameter template for sensing scenarios
	Parameters
	Value
	
	

	Use Case Type
	Human Indoor
	Human Indoor (2)
	Human Outdoor/Public Safety

	Use case
	TS 22.837 Use cases
5.1, 5.27
	TS 22.837 Use cases
5.1, 5.27
	TS 22.837 Use cases
5.6, 5.22, 5.27

	Applicable communication scenarios
	Indoor Office, Indoor Room
	UMi, UMa
	UMi, UMa

	Sensing transmitters and receivers properties
	Tx: TRP, UE
Rx: UE, TRP
	Tx: TRP, UE
Rx: UE, TRP
	Tx: TRP, UE
Rx: UE, TRP

	Supported sensing modes
	TRP-TRP bistatic, TRP monostatic, TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic, UE monostatic
	TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic, UE monostatic
	TRP-TRP bistatic, TRP monostatic, TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic, UE monostatic

	Sensing target
	Outdoor/indoor
	Indoor
	Indoor
	Outdoor

	
	3D mobility
	Horizontal plane only
	Horizontal plane only
	Horizontal plane only

	
	3D distribution
	Horizontal plane: Uniform
	Horizontal plane: Uniform
	Horizontal plane: Uniform

	
	Orientation
	Option 1: Uniform distribution: [0: 2pi]
Option 2: N/A
	
	Option 1: Uniform distribution: [0: 2pi]
Option 2: N/A

	
	Physical characteristics (e.g., size)
	Size: Option of small, medium, large human
Option of specific type or uniform distribution
Single/Multipoint: FFS
RCS model: FFS
	Size: Option of small, medium, large human
Option of specific type or uniform distribution
Single/Multipoint: FFS
RCS model: FFS
	Size: Option of small, medium, large human
Option of specific type or uniform distribution
Single/Multipoint: FFS
RCS model: FFS

	[Unintended/Environment objects]
	Types
	FFS
	FFS
	FFS

	
	3D mobility
	FFS
	FFS
	FFS

	
	3D distribution
	FFS
	FFS
	FFS

	
	Orientation
	FFS
	FFS
	FFS

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

	[Sensing area]
	Indoors
	Indoor only
	Outdoor only

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	0
	Same as minimum distance of communications channel
	Same as minimum distance of communications channel
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Table 7.2-1: Evaluation parameters for UMi-street canyon and UMa scenarios

Parameters UM - street canyon UNa

el layout Hexagonal grid, 19 micro sites, 3 sectors | Hexagonal grid, 19 macro sites, 3

i per site (ISD = 200m) sectors per site (ISD = 500m)
BS antenna height /1¢ 10m 25m
Outdoor/indoor | Outdoor and indoor Outdoor and indoor

ut LOS/NLOS LOS and NLOS LOS and NLOS

location | eight Ay Same as 3D-UMi in TR36.873 Same as 3D-UMa in TR36.873
[indoor UT ratio 80% 80%

o r)nohmty (horizontalplane | 5, - anrh

Min. BS - UT distance (2D) | 10m 35m

UT distribution (horizontal) | Uniform Uniform





