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1	Introduction
The approval of the Rel-19 work package marks the next wave of 5G Advanced evolution [1]. The package includes a study item on channel modelling for integrated sensing and communication (ISAC) for NR, and the study item description can be found in [2].
The study item on channel modelling for ISAC consists of two main objectives:
· 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:
· 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;
· spatial consistency.
[bookmark: _Hlk160615248]At previous RAN1 meetings, initial agreements on deployment scenarios were agreed (see Appendix). 
In this contribution, we discuss the remaining issues of deployment scenarios for ISAC with NR.
2	Use cases
Wireless sensing utilizes radio frequency to determine attributes such as distance, angle, and velocity of objects and the characteristics of the surrounding environment. Parameters like signal strength, delay, Doppler, and angle spectrum information can be estimated from scattered or reflected wireless signals transmitted and received by RAN nodes or UEs. Additionally, 3GPP wireless sensing may incorporate non-3GPP type sensors (e.g., radar, camera, and WiFi) to further support the 3GPP-based sensing.
Processing the wireless sensing signals allows extraction of features like location, velocity, and geometric information of objects, which can be exposed with contextual information for various applications. In particular, the wireless sensing functionality can offer sensing for non-connected objects, eliminating the need for objects to be connected via a device in the network. 
The ability to obtain range, velocity, and angle information from wireless signals opens up new functionalities, including object detection, object recognition, high-accuracy localization, tracking, and activity recognition. The wireless sensing service introduces possibilities for enhanced utilization of telecommunication infrastructure, transforming the mobile system from a mere communication network into a wireless communication and sensing network and providing input to different verticals (e.g., UAVs, smart homes, V2X, factories, railways, public safety). Applications include intruder detection, assisted automotive manoeuvring and navigation, trajectory tracing, collision avoidance, traffic management, health monitoring, and activity monitoring.
3GPP TS 22.137 defines service requirements for ISAC and categorizes use cases into three classes [3]:
· [bookmark: _Hlk156295142]Object detection and tracking
· Environment monitoring
· Motion monitoring
The focus of this study should be to define channel modelling aspects to support object detection and tracking. The study should aim at a common modelling framework capable of detecting and tracking objects and to enable them to be distinguished from unintended objects. The objects of interest include 1) UAVs, 2) humans indoors and outdoors, 3) automotive vehicles outdoors, 4) automated guided vehicles in indoor factories, and 5) objects creating hazards on roads and railways.
If time permits, the study should additionally consider channel modelling for environment monitoring and motion monitoring as they also encompass important ISAC use cases.
Ultimately, according to the IMT-2030 vision, ISAC is expected to support typical use cases, including navigation, activity detection and movement tracking, environmental monitoring, and provision of sensing data/information on surroundings for AI, XR, and digital twin applications [4].
3	Deployment scenarios
Sensing operation relies on processing the wireless signals transmitted, reflected, and scattered during wireless sensing activities. The sensing operation can be implemented in various ways, including:
· Monostatic sensing: The transmitter and receiver are co-located in the same entity. Example sensing modes include TRP monostatic and UE monostatic.
· Bistatic sensing: The transmitter and receiver are located in different entities. Example sensing modes include TRP-TRP bistatic, TRP-UE bistatic, UE-TRP bistatic, and UE-UE bistatic.
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Figure 1: Illustration of sensing operations.
Figure 1 provides an illustration of the monostatic and bistatic sensing operations. The wireless sensing service can be utilized by either the 3GPP system or trusted third parties. 
Various factors influence the performance of the wireless sensing service, including operating frequencies, bandwidth usage, and the propagation environment. Environments with numerous objects that may obstruct radio signals can interrupt the line of sight (LOS) path, leading to increased interference paths, clutter, and challenges in achieving high resolutions.
ISAC for object detection and tracking find applications in diverse scenarios across different industries, including:
· Unmanned aircraft system traffic management: Object detection and tracking are crucial for the safe operation of UAVs in skies.

· Transportation systems: Track vehicles and monitor traffic flow for efficient traffic management and congestion reduction.

· Surveillance and security: Deployed in urban areas, airports, and public events to monitor and track individuals for security purposes.

· Industrial automation: Track and monitor the movement of goods on assembly lines and automated guided vehicles in indoor factories.

· Smart home: Detecting and tracking intruders for home security; object detection to optimize lighting and climate control based on occupancy.
These deployment scenarios illustrate the versatility of ISAC for object detection and tracking, providing solutions for safety, efficiency, and enhanced decision-making across various domains.
To enable proper evaluation of sensing techniques, the wireless channel modelling needs to provide consistency and, above all, a correct representation of the frequency, spatial, and temporal correlation across base stations, devices, and objects in the environment. Achieving this without a propagation model grounded on the underlying physics of the scattering phenomena is simply unnatural, prone to modelling error and possibly a huge waste of effort for the industry. These considerations call for deterministic, physics-based modelling for wireless propagation, especially ray tracing.
It is worth noting that there is a new Task Group about WLAN sensing within the IEEE 802.11 working group, i.e., Task Group IEEE 802.11bf. This task group has embraced ray tracing based channel model for WiFi sensing [5].
Observation 1: Wireless channel modelling needs to provide consistency and, above all, a correct representation of the frequency, spatial, and temporal correlation across base stations, devices, and objects in the environment.
Observation 2: ISAC evaluation without a propagation model grounded on the underlying physics of the scattering phenomena is simply unnatural, prone to modelling error and possibly a huge waste of effort for the industry.
Observation 3: Deterministic, physics-based modelling for wireless propagation, especially ray tracing, are essential for ISAC evaluation.
Observation 4: Task Group IEEE 802.11bf has embraced ray tracing based channel model for WiFi sensing.
It is worth noting that ray tracing has been considered in the map-based hybrid channel model in TR 38.901. Nonetheless, the map-based hybrid model defined in TR 38.901 is not calibrated and has not been used in 3GPP simulation campaigns.
One reason that the map-based hybrid model defined in TR 38.901 is not calibrated is due to a lack of a common reference scenario. In particular, the radio channels are created using deterministic ray tracing upon a digitized map, but the digitized map is up to implementation and is not described in TR 38.901. This makes it impossible to calibrate the channel model among 3GPP members.
Defining a common reference scenario is critical for ray tracing to be used in ISAC evaluation. Furthermore, the common reference scenario defined for ray tracing will be useful for evaluating several other key technologies toward 6G, including reconfigurable intelligent surface (RIS), larger antenna arrays in new spectrum such as 7-24 GHz and sub-THz bands, AI/ML, to name a few.
Observation 4: Though ray tracing has been considered in the map-based hybrid channel model in TR 38.901, the map-based hybrid model defined is not calibrated and has not been used in 3GPP simulation campaigns.
Observation 5: A common reference scenario defined for ray tracing not only can be used for ISAC evaluation but also other key technologies toward 6G, including reconfigurable intelligent surface (RIS), larger antenna arrays in new spectrum such as 7-24 GHz and sub-THz bands, AI/ML, to name a few.
Proposal 1: Define a common reference scenario for ray tracing to be used in ISAC evaluation. 
There are two options for defining a common reference scenario for ray tracing:
· Option 1: Real-scenario map that is a virtual representation of a real area on earth. 
· Option 2: Synthetic-scenario map that is artificially constructed to mimic a certain environment such as urban macro, rural macro, indoor office, and indoor factory.
Proposal 2: Select one the following option to define a common reference scenario for ray tracing to be used in ISAC evaluation:
· Option 1: Real-scenario map that is a virtual representation of a real area on earth. 
· Option 2: Synthetic-scenario map that is artificially constructed to mimic a certain environment such as urban macro, rural macro, indoor office, or indoor factory.
In either option, what is needed for ray tracing are essentially two key elements: the scene geometry and the characteristics of the materials involved. 
For the scene geometry, the 3D geometric information for each of major structures in buildings or rooms needs to be described. For example, as already described in the map-based hybrid model defined in TR 38.901, the external building walls and internal room walls can be represented by surfaces and identified by the coordinates of the vertices on each wall. In addition, the material and thickness of each wall as well as the corresponding electromagnetic properties including permittivity and conductivity need to be described.
For the following scenarios agreed to be a starting point for further development, one can enhance the scene geometry description and describe the characteristics of the materials involved to be used for ray tracing in ISAC evaluation.

	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



[bookmark: _Hlk160613408]Proposal 3: Describe the scene geometry and the characteristics of the materials involved in the ISAC deployment scenarios to be used for ray tracing in ISAC evaluation.
[bookmark: _Hlk160614368]Take the urban grid defined for V2X in TR 37.885 as an example. The scene geometry can be described by including assumption on building height, and assumptions on the materials for the buildings and roads can be included.
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Figure 2: Urban grid defined in TR 37.885.
Proposal 4: For the urban grid defined for V2X in TR 37.885, the scene geometry can be described by including assumption on building height, and assumptions on the materials for the buildings and roads can be included.
Specifically, we propose the following evaluation parameters for vehicles in urban grid scenario.
Table 1: Evaluation parameters for vehicles in urban grid scenario
	Parameters
	Value

	Applicable communication scenarios
	Urban grid defined for vehicles in TR 37.885

	Sensing transmitters and receivers properties
	BS with 25 m height; outdoor UE with 1.5 m height

	Supported sensing modes
	Bistatic; monostatic

	Sensing target (vehicle)
	Outdoor/indoor
	Outdoor

	
	3D mobility
	Based on TR 37.885, in the East-West direction:
-	Speed in Lane 1: 60km/h
-	Speed in Lane 2: 50km/h 
-	Speed in Lane 3: 25km/h 
-	Speed in Lane 4: 15km/h
In the North-South direction:
-	0 km/h in all the lanes.

	
	3D distribution
	Based on TR 37.885, vehicles are dropped according to the following process:
-	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}.
-	All the vehicles in the same lane have the same speed.
-	Vehicle type distribution: 20% vehicle type 1, 60% vehicle type 2, 20% vehicles type 3.

	
	Orientation
	Same as the orientation of the corresponding lane

	
	Physical characteristics (e.g., size)
	Based on TR 37.885, three vehicle types are defined as follows:
-	Type 1 (passenger vehicle with lower antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 0.75 meters
-	Type 2 (passenger vehicle with higher antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 1.6 meters
-	Type 3 (truck/bus): length 13 meters, width 2.6 meters, height 3 meters, antenna height 3 meters

	[Unintended/Environment objects]
	Types
	Building walls; ground

	
	3D mobility
	N/A

	
	3D distribution
	Based on urban grid defined for vehicles in TR 37.885

	
	Orientation
	Based on urban grid defined for vehicles in TR 37.885

	
	Physical characteristics (e.g., size)
	Building size: 413m x 230m x 24m
Building material: Concrete
Ground material: Medium dry ground

	[Sensing area]
	Urban grid defined for vehicles in TR 37.885

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	Use min distances defined for communication scenario as a starting point



Proposal 5: Agree on the evaluation parameters for urban grid scenario as in Table 1.
Conclusion
In the previous sections, we discuss general aspects of AI/ML framework for NR air interface and make the following observations:
Observation 1: Wireless channel modelling needs to provide consistency and, above all, a correct representation of the frequency, spatial, and temporal correlation across base stations, devices, and objects in the environment.
Observation 2: ISAC evaluation without a propagation model grounded on the underlying physics of the scattering phenomena is simply unnatural, prone to modelling error and possibly a huge waste of effort for the industry.
Observation 3: Deterministic, physics-based modelling for wireless propagation, especially ray tracing, are essential for ISAC evaluation.
Observation 4: Task Group IEEE 802.11bf has embraced ray tracing based channel model for WiFi sensing.
Observation 5: Though ray tracing has been considered in the map-based hybrid channel model in TR 38.901, the map-based hybrid model defined is not calibrated and has not been used in 3GPP simulation campaigns.
Observation 6: A common reference scenario defined for ray tracing not only can be used for ISAC evaluation but also other key technologies toward 6G, including reconfigurable intelligent surface (RIS), larger antenna arrays in new spectrum such as 7-24 GHz and sub-THz bands, AI/ML, to name a few.
Based on the discussion in the previous sections we propose the following:
Proposal 1: Define a common reference scenario for ray tracing to be used in ISAC evaluation. 
Proposal 2: Select one the following option to define a common reference scenario for ray tracing to be used in ISAC evaluation:
· Option 1: Real-scenario map that is a virtual representation of a real area on earth. 
· Option 2: Synthetic-scenario map that is artificially constructed to mimic a certain environment such as urban macro, rural macro, indoor office, or indoor factory.
Proposal 3: Describe the scene geometry and the characteristics of the materials involved in the ISAC deployment scenarios to be used for ray tracing in ISAC evaluation.
Proposal 4: For the urban grid defined for V2X in TR 37.885, the scene geometry can be described by including assumption on building height, and assumptions on the materials for the buildings and roads can be included.
Proposal 5: Agree on the evaluation parameters for urban grid scenario as in Table 1.
Table 1: Evaluation parameters for vehicles in urban grid scenario
	Parameters
	Value

	Applicable communication scenarios
	Urban grid defined for vehicles in TR 37.885

	Sensing transmitters and receivers properties
	BS with 25 m height; outdoor UE with 1.5 m height

	Supported sensing modes
	Bistatic; monostatic

	Sensing target (vehicle)
	Outdoor/indoor
	Outdoor

	
	3D mobility
	Based on TR 37.885, in the East-West direction:
-	Speed in Lane 1: 60km/h
-	Speed in Lane 2: 50km/h 
-	Speed in Lane 3: 25km/h 
-	Speed in Lane 4: 15km/h
In the North-South direction:
-	0 km/h in all the lanes.

	
	3D distribution
	Based on TR 37.885, vehicles are dropped according to the following process:
-	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}.
-	All the vehicles in the same lane have the same speed.
-	Vehicle type distribution: 20% vehicle type 1, 60% vehicle type 2, 20% vehicles type 3.

	
	Orientation
	Same as the orientation of the corresponding lane

	
	Physical characteristics (e.g., size)
	Based on TR 37.885, three vehicle types are defined as follows:
-	Type 1 (passenger vehicle with lower antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 0.75 meters
-	Type 2 (passenger vehicle with higher antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 1.6 meters
-	Type 3 (truck/bus): length 13 meters, width 2.6 meters, height 3 meters, antenna height 3 meters

	[Unintended/Environment objects]
	Types
	Building walls; ground

	
	3D mobility
	N/A

	
	3D distribution
	Based on urban grid defined for vehicles in TR 37.885

	
	Orientation
	Based on urban grid defined for vehicles in TR 37.885

	
	Physical characteristics (e.g., size)
	Building size: 413m x 230m x 24m
Building material: Concrete
Ground material: Medium dry ground

	[Sensing area]
	Urban grid defined for vehicles in TR 37.885

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	Use min distances defined for communication scenario as a starting point
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Appendix
A.1	RAN1#116 agreements
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.

A.2	RAN1#116bis agreements
[bookmark: _Hlk164149260]Agreement
RAN1 agrees the following ISAC terminology with minor modifications as follows:
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 a sensing transmitter that transmits a sensing signal and a sensing receiver that receives the sensing signal are co-located in the same TRP or UE.  
6. Bi-static sensing: sensing where the a sensing transmitter that transmits a sensing signal and a sensing receiver that receives the sensing signal are not co-located in the same TRP or UEin 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.

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]
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