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1. Introduction
[bookmark: _Hlk158908977]According to the SI for Release 19 ISAC [1], the objective of this SI is as follows: 
	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.


The following agreements were made in RAN1#116:
	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: 
· 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.
· 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.
· Sensing target: target that need to be sensed by deriving characteristics of the objects within the environment from the sensing signal.
· Background environment: background (clutter and/or environmental objects) that are not the sensing target(s).
· Mono-static sensing: sensing where the sensing transmitter and sensing receiver are co-located in the same TRP or UE.  
· Bi-static sensing: sensing where the sensing transmitter and sensing receiver are in different TRPs or UEs. 
· Multi-static sensing: sensing where there are multiple sensing transmitters and/or multiple sensing receivers, for a sensing target.
· Sensing signal: Transmissions on the 3GPP radio interface that can be used for sensing purposes.



The following agreements were made in RAN1#116b:
	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 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 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. 
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]
	






In this contribution, the deployment scenarios and evaluation metrics of ISAC will be discussed. 
2. Discussion
2.1. Deployment scenarios
For the UAV use cases, the difference of UMa, UMi and RMa in TR 36.777 and TR 38.901 is small. One difference is that the frequency carrier of the scenarios in TR36.777 is restrictive. The carrier frequency of UMa-AV and UMi-AV is 2GHz and the frequency of RMa-AV is 700 and 800 MHz. In case UAV use cases are expanded to FR2 band, the scenarios in TR 36.777 will need to be updated. Therefore, the scenarios in TR 38.901 are used as the starting point for the deployment scenarios of the UAV use cases. UE mobility in for the scenarios in TR 38.901 is only 3km/h. It should be extended to 160km/h for UAV as the scenarios in TR 36.777.
[bookmark: _Ref162368510]Proposal 1: For the UAV use cases, UMa, UMi and RMa in TR 38.901 are used for the deployment scenarios.
For human indoor and outdoor use cases, the applications are mostly related to smart home. For this reason, UMi in TR 38.901 is the deployment scenario for human outdoor use cases and Indoor Office in TR 38.901 is the deployment scenario for human indoor use cases.
[bookmark: _Ref162368512]Proposal 2: For the human indoor use case, Indoor Office in TR 38.901 is used for the deployment scenario.
[bookmark: _Ref162368514]Proposal 3: For the human outdoor use case, UMi in TR 38.901 is used for the deployment scenario.
For the automotive vehicles use cases, urban grid scenario in TR 37.885 is used for the deployment scenario. Highway scenarios is deprioritized because the highway scenario is used and studied for the use cases of objects creating hazard on roads or railways.
[bookmark: _Ref162368516]Proposal 4: For the automotive vehicles use cases, urban grid scenario in TR 37.885 is used for the deployment scenario.
For the Automated Guided Vehicles (AGV) use cases, the deployment scenarios for an indoor factory evaluation with the parameters in TR 38.857 are used.
[bookmark: _Ref162368519]Proposal 5: For the Automated Guided Vehicles (AGV) use cases, Indoor Factory in TR 38.857 is used for the deployment scenario.
For the use cases of objects creating hazards on roads/railways, UMa, UMi and RMa in TR 38.901 are used for deployment scenarios.
[bookmark: _Ref162368520]Proposal 6: For the use cases of objects creating hazards on roads/railways, UMa, UMi and RMa in TR 38.901 are used for deployment scenarios.
2.2 Evaluation metrics
2.2.1 UAV use cases
The evaluation parameters of UAV use cases in UMa, UMi, RMa are shown in Table 1.
[bookmark: _Ref162337664][bookmark: _Ref162368522]Table 1. Evaluation parameters for UAV use cases
	Parameters
	Value

	Applicable communication scenarios
	UMa, UMi, RMa

	TRP antenna configuration
	2Tx/2Rx cross polarized

	TRP antenna element pattern and gain
	Follow TR 38.901

	UE antenna configuration
	1 or 2 Tx cross polarized, 2 Rx cross polarized

	UE antenna element pattern
	Omnidirectional/isotropic

	UE antenna element gain
	0dBi

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

	Sensing target
	Outdoor/indoor
	Outdoor

	
	3D mobility
	160km/h

	
	3D distribution
	Uniform

	
	Height (aerial)
	300m

	
	LOS/NLOS
	LOS and NLOS

	Minimum 3D distances between Tx and sensing target
	10m


Proposal 7: Table 1 introduces the evaluation parameters and requirements of UAV use cases in UMa, UMi, RMa.


2.2.2 Human indoor/outdoor use cases 
[bookmark: _Ref162365581][bookmark: _Ref162368523]Table 2. Evaluation parameters for human indoor/outdoor use cases
	Parameters
	Value

	Applicable communication scenarios
	UMi, Indoor office

	TRP and UE antenna modelling
	Follow TR 38.901

	Supported sensing modes
	TRP-TRP bistatic, TRP monostatic

	Sensing target
	Outdoor/indoor
	Outdoor and Indoor

	
	3D mobility
	3km/h

	
	3D distribution
	Uniform

	
	Height 
	UMi: Same as 3D-UMi in TR36.873
Indoor office: 2m

	
	LOS/NLOS
	LOS and NLOS

	Minimum 3D distances between Tx and sensing target
	UMi: 10m
Indoor office: 0m


Proposal 8: Table 2 introduces the evaluation parameters and requirements of human indoor/outdoor use cases.
2.2.3 Automotive vehicles use cases
The evaluation parameters of automotive vehicles use cases in UMa, UMi, RMa are shown in Table 3.
[bookmark: _Ref162342270][bookmark: _Ref162368525]Table 3. Evaluation parameters for automotive vehicles use cases
	Parameters
	Value

	Applicable communication scenarios
	UMa, UMi, RMa

	TRP and UE antenna modelling
	Follow TR 37.885

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

	Sensing target
	Outdoor/indoor
	Outdoor 

	
	3D mobility
	140km/h

	
	3D distribution
	Uniform

	
	Height 
	3m

	
	LOS/NLOS
	LOS and NLOS

	Minimum 3D distances between Tx and sensing target
	0m


Proposal 9: Table 3 introduces the evaluation parameters and requirements of Automotive vehicles use cases. 
2.2.4 AGV use cases
[bookmark: _Ref162365956][bookmark: _Ref162368526]Table 4. Evaluation parameters for AGV use cases
	Parameters
	Value

	Applicable communication scenarios
	Indoor factory

	TRP and UE antenna modelling
	Follow TR 38.857

	Supported sensing modes
	TRP-TRP bistatic, TRP monostatic

	Sensing target
	Outdoor/indoor
	Indoor 

	
	3D mobility
	[bookmark: _GoBack]15km/h

	
	3D distribution
	Uniform

	
	Height 
	3m

	
	LOS/NLOS
	LOS and NLOS

	Minimum 3D distances between Tx and sensing target
	0m


Proposal 10: Table 4 introduces the evaluation parameters and requirements of AGV use cases.
2.2.5 Objects creating hazards on roads/railways use cases
[bookmark: _Ref162366022]Table 5. Evaluation parameters for objects creating hazards on roads/railways use cases
	Parameters
	Value

	Applicable communication scenarios
	UMa, UMi, RMa

	TRP and UE antenna modelling
	Follow TR 38.901

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

	Sensing target
	Outdoor/indoor
	Outdoor 

	
	3D mobility
	0-5km/h

	
	Height 
	1.5m

	
	LOS/NLOS
	LOS and NLOS

	Minimum 3D distances between Tx and sensing target
	0m


The type of objects must be defined to specify the mobility of the objects. For example, in case the intruders in the highway or railway are pedestrians or animals, the mobility is around 5km/h. In case the objects are trees, concretes, the mobility is 0km/h.
[bookmark: _Ref162368527]Proposal 11: Table 5 introduces the evaluation parameters and requirements of objects creating hazards on roads/railways use cases.
2.2.6 Spectrum
Positioning reference signal in UL and DL requires very large bandwidth to guarantee positioning accuracy. However, in some use cases, the bandwidth for data transmission is limited. Therefore, when waveform is transmitted for both sensing and data, the bandwidth requirement needs to be specified to achieve sensing and data transmission’s requirements. Bandwidth of 20 MHz can be used a starting point to evaluate performance of ISAC. Spectrum band is from 0.5 to 52.6 GHz to serve the applications in different use cases wireless sensing millimeter wave radar, lidar, satellite navigation, etc. ISAC applications are deployed in both FR1 and FR2.
Similar to sidelink communication, ISAC operation should be studied in both licensed and unlicensed spectrum. The ISAC operation in unlicensed spectrum can serve to localize the vehicles in the automotive vehicle and automated guided vehicle use cases that are similar to V2X sidelink positioning. Unlicensed spectrum also can be used to deploy UAV applications. Human indoor/outdoor use cases are deployed in licensed spectrum.
[bookmark: _Ref162368529]Proposal 12: ISAC is studied in both FR1 and FR2. ISAC is studied in both licensed and unlicensed spectrum.
3. Conclusions
In this contribution, the following proposals are put forward:
Proposal 1: For the UAV use cases, UMa, UMi and RMa in TR 38.901 are used for the deployment scenarios.
Proposal 2: For the human indoor use case, Indoor Office in TR 38.901 is used for the deployment scenario.
Proposal 3: For the human outdoor use case, UMi in TR 38.901 is used for the deployment scenario.
Proposal 4: For the automotive vehicles use cases, urban grid scenario in TR 37.885 is used for the deployment scenario.
Proposal 5: For the Automated Guided Vehicles (AGV) use cases, Indoor Factory in TR 38.857 is used for the deployment scenario.
Proposal 6: For the use cases of objects creating hazards on roads/railways, UMa, UMi and RMa in TR 38.901 are used for deployment scenarios.
Proposal 7: Table 1 introduces the evaluation parameters and requirements of UAV use cases in UMa, UMi, RMa.
Proposal 8: Table 2 introduces the evaluation parameters and requirements of human indoor/outdoor use cases.
Proposal 9: Table 3 introduces the evaluation parameters and requirements of Automotive vehicles use cases.
Proposal 10: Table 4 introduces the evaluation parameters and requirements of AGV use cases.
Proposal 11: Table 5 introduces the evaluation parameters and requirements of objects creating hazards on roads/railways use cases.
Proposal 12: ISAC is studied in both FR1 and FR2. ISAC is studied in both licensed and unlicensed spectrum.
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