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1. Introduction
A revised study item related to Integrated Sensing and Communication (ISAC) for NR has been approved in RANP#103 and the descriptions/objectives is given in [1]. The purpose of the study item is to establish channel modelling for ISAC to enable evaluation of sensing techniques for the identified use-cases, particularly the use-cases related to the object detection and/or tracking [2],[3]. 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 [1]:
· 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.

In this contribution, we discuss our view on various aspects related to ISAC deployment scenario based on the progress in the previous meetings. 

2. Discussion
During RAN1#116-bis meeting, the following agreements were made [4]:
	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.
1. 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.
1. Sensing target: target that need to be sensed by deriving characteristics of the objects within the environment from the sensing signal.
1. Background environment: background (clutter and/or environmental objects) that are not the sensing target(s).
1. Mono-static sensing: sensing where 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.  
1. Bi-static sensing: sensing where 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 UE. 
1. Multi-static sensing: sensing where there are multiple sensing transmitters and/or multiple sensing receivers, for a sensing target.
1. 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]
	







Based on the agreements in [4], we should continue further in identifying the details of the deployment scenario for each sensing target. All of the identified sensing targets can be discussed during the study item phase. However, there may be time constraints or at least we can start with some of the sensing targets. In our view, we should at least focus on some of the identified sensing targets. The prioritization of the sensing targets could improve the progress of identifying the details of the deployment scenarios. Among the identified sensing targets, our preferences are UAVs, Automotive vehicles, and Automated guided vehicles (AGVs). 
[bookmark: _Toc166243907]Proposal 1: Prioritize sensing target: UAVs, Automotive vehicles, and Automated guided vehicles (AGVs). The other sensing targets can be developed later (e.g., based on the progress of those selected sensing targets).
The details of the deployment scenarios for the above selected sensing targets are further described in section 2.2, section 2.3, and section 2.4. 

2.1. Aspect on Sensing Operation
For the evaluation of the ISAC, particularly on sensing part, such as evaluating object detection and/or tracking performance, various aspects need to be considered in details of deployment scenarios. In legacy communications in NR, it is typically involving active objects, such as UE and TRP. There may be passive objects, such as the walls, trees, which could affect the propagation of the signals. The objects could affect the path-loss, and multipath propagations between the sensing transmitter and the sensing receiver. As shown in aforementioned agreements, UE and TRP are considered as sensing transmitter/receiver in sensing operation. And one of the aspects related to sensing operation is the hardware properties for sensing transmitter and receiver (e.g., UE and TRP). We consider the hardware properties (at least of the UE) should not be changed from the existing NR deployment scenarios. For example, the number of antenna elements in the UE side should not be changed. By assuming the existing hardware for the ISAC deployment scenario, we can mitigate/avoid any specific hardware impact specifically for sensing purpose (e.g., for the object detection and/or tracking function). Furthermore, the usage of existing hardware for sensing would facilitate in adopting the ISAC features as the hardware is already widely deployed and available. 
[bookmark: _Toc166243908]Proposal 2: Reuse the UE and TRP hardware assumptions (e.g., antenna configuration) as in the existing NR deployment scenario.
As mentioned in the SID, this study should aim at a common modelling framework capable of detecting and/or tracking objects and to enable them to be distinguished from unintended objects. For the parameter of physical characteristics (e.g., size) as shown in the table of evaluation parameters in the aforementioned agreements, we consider one of the sensing target specific parameters is RCS. However, it may be difficult to identify the sensing target only by the RCS because the RCS does not take a constant value. Therefore, we need to further study whether the object detection and tracking can be performed only by using parameters of RCS (and mobility and/or distribution). Otherwise, we need to investigate other required parameters. 
[bookmark: _Toc166244527]Observation 1: One of the key parameters to identify the physical characteristics of the sensing target is RCS. Sensing target may also have specific size/dimension. Further study on the potential other parameters.

2.2. [bookmark: _Ref163055930]Deployment Scenario for UAVs
As shown in the aforementioned agreement, the evaluation parameters template table has been identified, and we can consider the table as the starting point of developing the details of deployment scenario. As mentioned in [4], The applicable existing scenarios considered as a start point for UAV are the RMa-AV, UMa-AV, UMi-AV (TR 36.777 [8]).  In ISAC context, the UAV has both of aspects of the sensing transmitter and/or receiver and the sensing target. According to TR 22.837 [2], the following examples are the use cases of UAV detection and/or tracking. Some of the use cases are illustrated in Figure 1. 
· UAV flight trajectory tracing (Use case 5.10), 
· Network assisted sensing to avoid UAV collision (Use case 5.12), 
· UAV intrusion detection (Use case 5.13), 
· UAVs/vehicles/pedestrians detection near smart grid equipment (Use case 5.22).  
The proposed parameters/values for deployment scenario of UAV are shown in Table 1. 
[image: ]
[bookmark: _Ref134627875]Figure 1: UAVs detection and/or tracking use cases in TR 22.837 [2].

Table 1: Evaluation parameters for deployment scenario of UAV.
	Parameters
	Value

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

	Sensing transmitters and receivers properties
	Reuse the hardware assumption of applicable communication scenario

	Supported sensing modes
	All sensing modes (or at least TRP-TRP bi-static, TRP-to-UE bi-static, TRP mono-static)

	Sensing target (UAV)
	Outdoor/indoor
	Outdoor

	
	3D mobility [8]
	Speed: Up to 160 km/h

	
	3D distribution [6][8]
	Uniform, Random drop in 3D area of cell
Altitude: Up to 300 m

	
	Orientation
	[N/A]

	
	Physical characteristics (e.g., size) [8],[9]
	Average RCS: [₋30 to ₋14] dBsm

Size/Dimension: [30 cm x 30 cm x 10 cm]



[bookmark: _Toc163057492][bookmark: _Toc166243909]Proposal 3: Introduce physical characteristics parameters of UAV as the sensing target, such as of the RCS and size/dimension.
[bookmark: _Toc166243910]Proposal 4: Introduce the parameters/values and its assumption as shown in Table 1 for the deployment scenario of UAV.

2.3. [bookmark: _Ref163055931]Deployment Scenario for Automotive Vehicles
As shown in the aforementioned agreement, the evaluation parameters template table has identified, and we can consider the table as the starting point of deployment scenario development. As mentioned in [4], The applicable existing scenarios considered as a start point for automotive vehicles are the Highway, Urban grid, UMa, UMi, RMa [10]. Among these existing deployment scenarios, our preferences are the Highway and Urban grid scenarios. Because the Highway and Urban grid scenarios are the automotive vehicles specific scenarios, and there are already the parameters (e.g., distribution of the vehicles) that can be reused in the parameters of the sensing target. So, prioritizing these two scenarios would improve the effort significantly. 
According to TR 22.837 [2], the following examples are the use cases of Automotive vehicle detection and/or tracking. Some of the use cases are illustrated in Figure 2. 
· Sensing assisted automotive maneuvering and navigation (Use case 5.8), 
· Sensing crossroads with/without obstacle (Use case 5.11), 
· Parking space determination (Use case 5.20), 
· UAVs/vehicles/pedestrians detection near smart grid equipment (Use case 5.22), 
· Vehicle sensing for ADAS (Use case 5.28), 
· Automotive maneuvering and navigation service when not served by RAN (Use case 5.30), 
· Blind spot detection (Use case 5.31). 
The proposed parameters of automotive vehicle as a sensing target are shown in following Table 2. 
This study can reuse the details of vehicle UE drop and the mobility model (Table 6.1.9-2 in TR 38.913) for mobility and distribution details of the intended/unintended sensing targets. 
In this scenario, the RCS values are determined assuming the far-field condition. The automotive vehicle may encounter near-field conditions more frequently, especially in gNB-UE bi-static sensing. UE typically has limited Rx beamforming gain and thus it may have limited sensing coverage due to the high pathloss of the sensing link. Consequently, a UE may only be capable of sensing the target objects within a short range. In such cases, target objects within this range are likely in the near field of the UE.  The usage of far-field RCS modelling which has a constant RCS value and a single reflection center may lose some sensing information. Hence, we need further discussion on RCS modelling for the automotive vehicles with considering the far-field and near-field conditions. The detailed aspect of RCS is discussed in our companion contributions [6]. 
[image: ]
Figure 2: Automotive vehicles detection and/or tracking use cases in TR 22.837 [2].

Table 2: Additional/changing parameters of automotive vehicles for the existing deployment scenario.
	Parameters
	Value

	Applicable communication scenarios
	Highway, Urban grid

	Sensing transmitters and receivers properties
	Reuse the hardware assumption of applicable communication scenario

	Supported sensing modes
	All sensing modes

	Sensing target (Automotive vehicle)
	Outdoor/indoor
	Outdoor

	
	3D mobility and distribution [10][11]
	1) Highway
100% in vehicles
Average inter-vehicle distance (between two vehicles’ center) in the same lane is 0.5sec or 1sec * average vehicle speed (average speed: 100-300km/h)

2) Urban grid
Urban grid model (car lanes and pedestrian/bicycle sidewalks are placed around a road block. 2 lanes in each direction, 4 lanes in total, 1 sidewalk, one block size: 433m x 250m)
Average inter-vehicle distance (between two vehicles’ center) in the same lane is 1sec * average vehicle speed (average speed 15 – 120km/h)

NOTE: vehicle could be treated as UE and/or sensing target.

	
	Orientation
	[N/A]

	
	Physical characteristics (e.g., size) [8], [12][13]
	Average RCS: [10 to 25] dBsm

Size/Dimension: 
- medium [4.7 m x 1.7 m x 1.5 m], 
- large [12 m x 2.5 m x 3.8 m]

	Unintended/Environment objects
	Types
	Pedestrian (human), non-motor vehicles (bicycle)

	
	3D mobility and distribution [10][11]
	2) Urban grid
Pedestrian/bicycle dropping: average distance between pedestrians/bicycles is 20m
Bicycle speed: [around 15 km/h]
Pedestrian speed: 3 km/h

	
	Orientation
	[N/A]

	
	Physical characteristics (e.g., size) [8], [12]
	Bicycle RCS: [0 to 10] dBsm
Pedestrian RCS: [-5 to 5] dBsm



[bookmark: _Toc159059082][bookmark: _Toc159059384][bookmark: _Toc163057493][bookmark: _Toc166243911]Proposal 5 Introduce physical characteristics parameters of automotive vehicles as the sensing target, such as of the RCS and size/dimension. 
[bookmark: _Toc166243912]Proposal 6: Introduce the parameters/values and its assumption as shown in Table 2 for the deployment scenario of automotive vehicles. 
[bookmark: _Toc166243913]Proposal 7: For the deployment scenario of automotive vehicles : Prioritize highway and urban grid as the applicable communication scenario.

2.4. [bookmark: _Ref163055933]Deployment Scenario for Automated Guided Vehicles
Similar as the other deployment scenario, we can consider the evaluation parameters template table agreed in the previous meeting as the starting point of deployment scenario development. As mentioned in [5], The applicable existing scenario considered as a start point for automated guided vehicles (AGV) is the indoor factory (InF). According to TR 22.837 [2], AGV detection and tracking in factories (Use-case 5.9) is the use cases of Automated guided vehicle detection and/or tracking. The use case is illustrated in Figure 3.  
The proposed parameters of AGVs as a sensing target are shown in following Table 3. Note that "clutter" (e.g., machinery, assembly lines, storage shelves, etc.) exists in the factory hall at various levels of densities, and the AGV is included in the clutter. The distribution of the clutter was defined in TR 38.901 [6], and the distribution of the sensing targets in this deployment scenario is defined that the sensing targets are randomly dropped so that the density of the sensing targets do not exceed the density of the clutter. 
In this scenario, the RCS values are determined on the assumption that the size and material of the AGV are similar to non-motor vehicles and the AGV is in the far-field condition. The AGVs may encounter near-field conditions more frequently, especially in gNB-UE bi-static sensing. UE typically has limited Rx beamforming gain and thus it may have limited sensing coverage due to the high pathloss of the sensing link. Consequently, a UE may only be capable of sensing the target objects within a short range. In such cases, target objects within this range are likely in the near field of the UE.  The usage of far-field RCS modelling which has a constant RCS value and a single reflection center may lose some sensing information. Hence, we need further study to determine the AGV’s RCS value and further discussion on RCS modelling for the AGV with considering the far-field and near-field conditions. The detailed aspect of RCS is discussed in our companion contributions [6]. 
[image: ]
Figure 3: Automated guided vehicles detection and/or tracking use case in TR 22.837[2].

Table 3: Additional parameters of AGV as a sensing target for the existing deployment scenario.
	Parameters
	Value

	Applicable communication scenarios
	InF

	Sensing transmitters and receivers properties
	Reuse the hardware assumption of applicable communication scenario

	Supported sensing modes
	All sensing modes (at least TRP-TRP bi-static, TRP-to-UE bi-static, TRP mono-static)

	Sensing target (AGV)
	Outdoor/indoor
	Indoor

	
	3D mobility [14]
	Average speed [0₋3] m/s

	
	3D distribution [6][8]
	Uniform, Random drop along the clutter density

NOTE: "clutter" (e.g., machinery, assembly lines, storage shelves, etc.) exists in the factory hall at various levels of densities, and the AGV is included in the clutter.

	
	Orientation
	[N/A]

	
	Physical characteristics (e.g., size) [9]
	RCS: [0-10] dBsm 

Size/Dimension: [1.5 m x 1 m x 0.5 m] 



[bookmark: _Toc166243914]Proposal 8: Introduce physical characteristics parameters of AGV as the sensing target, such as of the RCS and size/dimension. 
[bookmark: _Hlk161756665][bookmark: _Toc163057494][bookmark: _Toc159058025][bookmark: _Toc159059083][bookmark: _Toc166243915]Proposal 9: Introduce the parameters/values and its assumption as shown in Table 3 for the deployment scenario of AGV. 

3. Conclusion
In this contribution, we share our views on the details of ISAC deployment scenarios. The observation and proposals are summarized in the following. 
Observation 1: One of the key parameters to identify the physical characteristics of the sensing target is RCS. Sensing target may also have specific size/dimension. Further study on the potential other parameters.

Proposal 1: Prioritize sensing target: UAVs, Automotive vehicles, and Automated guided vehicles (AGVs). The other sensing targets can be developed later (e.g., based on the progress of those selected sensing targets).
Proposal 2: Reuse the UE and TRP hardware assumptions (e.g., antenna configuration) as in the existing NR deployment scenario.
Proposal 3: Introduce physical characteristics parameters of UAV as the sensing target, such as of the RCS and size/dimension.
Proposal 4: Introduce the parameters/values and its assumption as shown in Table 1 for the deployment scenario of UAV.
	Parameters
	Value

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

	Sensing transmitters and receivers properties
	Reuse the hardware assumption of applicable communication scenario

	Supported sensing modes
	All sensing modes (or at least TRP-TRP bi-static, TRP-to-UE bi-static, TRP mono-static)

	Sensing target (UAV)
	Outdoor/indoor
	Outdoor

	
	3D mobility [8]
	Speed: Up to 160 km/h

	
	3D distribution [6][8]
	Uniform, Random drop in 3D area of cell
Altitude: Up to 300 m

	
	Orientation
	[N/A]

	
	Physical characteristics (e.g., size) [8], [9]
	Average RCS: [₋30 to ₋14] dBsm

Size/Dimension: [30 cm x 30 cm x 10 cm]



Proposal 5 Introduce physical characteristics parameters of automotive vehicles as the sensing target, such as of the RCS and size/dimension.
Proposal 6: Introduce the parameters/values and its assumption as shown in Table 2 for the deployment scenario of automotive vehicles.
	Parameters
	Value

	Applicable communication scenarios
	Highway, Urban grid

	Sensing transmitters and receivers properties
	Reuse the hardware assumption of applicable communication scenario

	Supported sensing modes
	All sensing modes

	Sensing target (Automotive vehicle)
	Outdoor/indoor
	Outdoor

	
	3D mobility and distribution [10][11]
	1) Highway
100% in vehicles
Average inter-vehicle distance (between two vehicles’ center) in the same lane is 0.5sec or 1sec * average vehicle speed (average speed: 100-300km/h)

2) Urban grid
Urban grid model (car lanes and pedestrian/bicycle sidewalks are placed around a road block. 2 lanes in each direction, 4 lanes in total, 1 sidewalk, one block size: 433m x 250m)
Average inter-vehicle distance (between two vehicles’ center) in the same lane is 1sec * average vehicle speed (average speed 15 – 120km/h)

NOTE: vehicle could be treated as UE and/or sensing target.

	
	Orientation
	[N/A]

	
	Physical characteristics (e.g., size) [8], [12][13]
	Average RCS: [10 to 25] dBsm

Size/Dimension: 
- medium [4.7 m x 1.7 m x 1.5 m], 
- large [12 m x 2.5 m x 3.8 m]

	Unintended/Environment objects
	Types
	Pedestrian (human), non-motor vehicles (bicycle)

	
	3D mobility and distribution [10][11]
	2) Urban grid
Pedestrian/bicycle dropping: average distance between pedestrians/bicycles is 20m
Bicycle speed: [around 15 km/h]
Pedestrian speed: 3 km/h

	
	Orientation
	[N/A]

	
	Physical characteristics (e.g., size) [8], [12]
	Bicycle RCS: [0 to 10] dBsm'
Pedestrian RCS: [-5 to 5] dBsm



Proposal 7: For the deployment scenario of automotive vehicles : Prioritize highway and urban grid as the applicable communication scenario.
Proposal 8: Introduce physical characteristics parameters of AGV as the sensing target, such as of the RCS and size/dimension.
Proposal 9: Introduce the parameters/values and its assumption as shown in Table 3 for the deployment scenario of AGV.
	Parameters
	Value

	Applicable communication scenarios
	InF

	Sensing transmitters and receivers properties
	Reuse the hardware assumption of applicable communication scenario

	Supported sensing modes
	All sensing modes (at least TRP-TRP bi-static, TRP-to-UE bi-static, TRP mono-static)

	Sensing target (AGV)
	Outdoor/indoor
	Indoor

	
	3D mobility [14]
	Average speed [0₋3] m/s

	
	3D distribution [6][8]
	Uniform, Random drop along the clutter density

NOTE: "clutter" (e.g., machinery, assembly lines, storage shelves, etc.) exists in the factory hall at various levels of densities, and the AGV is included in the clutter.

	
	Orientation
	[N/A]

	
	Physical characteristics (e.g., size) [9]
	RCS: [0-10] dBsm 

Size/Dimension: [1.5 m x 1 m x 0.5 m] 
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