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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]A new study item of channel modeling for integrated sensing and communications (ISAC) has been approved in RAN #102 [1], in which the objectives of the study for ISAC are as follows:
	· 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.
· [bookmark: _Hlk157618114][bookmark: OLE_LINK18]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:
· 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.
· It will be discussed at RAN#105 whether to include additional study beyond channel modelling for ISAC.


In RAN1 #116 [2], accordingly, the agreements are made as follows:
	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.


In this contribution, we express our view on detailed scenarios parameters for outdoor and indoor deployments scenarios. In addition, further explanation about the indoor room is provided with the detailed evaluation parameters.

Deployment Scenarios
Indoor room deployment scenario
For indoor human detecting, the typical use cases include intruder detection, respiratory monitoring, heartbeat monitoring, human movement monitoring and human positioning/proximity/orientation detection. The different use cases can be deployed in the different environments with the different purposes. For instance, the intruder detection can be deployed in smart home / office / factory, health monitoring at smart home, hazard avoidance in smart factories and so on. Indoor office and indoor factory defined in TR 38.901 are suitable for the evaluation of office and smart factory, and the tables capturing the relevant evaluation parameters are listed in Table 7.2-2 and Table 7.2-4 of TR 38.901, respectively. Considering the use cases in smart home, where different sensing performance are required from office and factory use cases, it is necessary to use a more suitable topological environment to characterize the evaluation parameters for smart home.
As discussed in TR 38.808 [3], the small room defined as the scenario of indoor-B can be constructed with an isolated area of 20m×20m, where one TRP is equipped at the ceiling. For the sake of simplicity, we consider this deployment with reduce area can be properly modeled for the smart home and isolation ward, with certain modifications according to the use cases if necessary, such as the modifications on beds, sofas, wardrobes, etc. Although this scenario was proposed towards NR from 52.6 GHz to 71 GHz, it is still available in the lower frequency band of 0.5 to 52.6 GHz. This is because the deployment scenario with proper inter-site distance does not need to have any constraints on the frequency band, such as 52.6 GHz to 71 GHz. Only thing needs to be cared is the transmission power from each TRP, which should be adjusted accordingly. The same adjustment needs to be conducted in the RMa-AV, UMa-AV and UMi-AV of TR 36.777, which cover the LTE frequency band of 2GHz, and 700/800MHz.
[bookmark: _Ref163031832]For the deployment scenario with proper inter-site distance, there is no constraints on the frequency band, as long as the transmission power from each TRP is adjusted accordingly.

For the indoor scenario, indeed, the room size and environment layout such as indoor walls, furniture and other objects affect the characteristic of wireless channel. Such characteristics may need to change the LOS probability, and delay spread.
Proposal 1:  [bookmark: _Ref163031855]For sensing indoor room scenario, RAN1 reuses TR 38.808 indoor-B communication scenario as a starting point.
- Other enhanced indoor room scenarios are not precluded.

Detailed evaluation parameters for deployment scenarios
As discussed in the last meeting [2], a sort of indoor and outdoor deployment scenarios is agreed as a starting point for the ISAC deployment scenarios, such as indoor office, indoor factory, indoor room, UMa, UMi, RMa and so on. The deployment scenarios are listed towards multiple sensing use cases. It can be envisaged that, deploying different sensing targets with the specific evaluation parameters in the same scenario can be applied to different sensing use cases. For example, in case of the UMi scenarios, the deployment of TRPs and UEs can be unified for UAV and human detecting, and the TRPs and/or the UEs can be regarded as the sensing transmitter and/or sensing receiver.
[bookmark: _Ref158101561]Deployment scenarios are independent of use cases, basic deployment parameters of TRPs and UEs can be identified and sensing specific parameters can be defined and applied to specific use cases.

In [2], TRPs and UEs are involved in all the deployment scenarios and the link between TRP and UE, the link between TRPs, and the link between UEs can be modeled in any deployment scenarios. This implies that all the six sensing modes (i.e. TRP-TRP bistatic, TRP monostatic, TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic, UE monostatic) can be supported. In other words, the deployment scenarios are independent of sensing modes.
[bookmark: _Ref163031835][bookmark: _Ref158101562]Deployment scenarios are independent of sensing modes. 

In this contribution, we provide our preliminary considerations of the detailed evaluation parameters for some indoor and outdoor ISAC deployment scenarios. The basic deployment parameters of TRPs and UEs are reused from the corresponding parameters in TR 38.901.
In the indoor scenario, the sensing targets are mainly indoor human and automated guided vehicles, and thus, its evaluation parameters can be defined as in Table 1.
Proposal 2:  [bookmark: _Ref163031857]RAN1 studies the evaluation parameters for indoor deployment scenarios and considers Table 1 as a starting point. 

[bookmark: _Ref162787614]Table 1: Detailed evaluation parameters for indoor scenarios of sensing.
	Parameters
	Indoor office
	Indoor room
	Indoor factory

	Basic parameters
	Cell layout
	120mx50mx3m with 20m ISD
	20mx20mx3m
	Rectangular: 20-160000 m2
Small hall: 120mx60mx10m with ISD=20m
Big hall: 300mx150mx10m with ISD=50m

	
	BS antenna height, 
	3 m (ceiling)
	1.5 m for InF-SL and InF-DL
8 m for for InF-SH and InF-DH

	
	UT location
	Outdoor/indoor
	indoor

	
	
	Indoor UT ratio
	100%

	
	
	LOS/NLOS
	LOS and NLOS

	
	
	Height, 
	1.5m

	
	UT mobility (horizontal plane only)
	0km/h / 3km/h

	
	Min. BS - UT distance (2D)
	0m

	
	UT distribution (2D)
	uniform

	Sensing target parameters
	ST type (*)
	Human 
	Human or AGV

	
	ST location
	Outdoor/indoor
	Indoor

	
	
	Indoor ratio
	100%

	
	
	LOS/NLOS
	LOS and NLOS

	
	
	Height  (**)
	Human: 0.75~1.25m (height of human centroid)
AGV: 0.5m~1.5m (height of AGV centroid)

	
	
	Dimension (***)(length, width, height)
	FFS

	
	ST density
	[10] per TRP

	
	ST distribution 
	Human: uniform
AGV: uniform in the guided route

	
	ST mobility
	Human: <3km/h, uniform linear motion and / or periodic reciprocating motion (such as breathing, heartbeat, repetitive movements)
AGV: 0.3~4.2 km/h, uniform linear motion along the guided route
Other forms of mobility of human and AGV are not precluded.

	
	Min. BS - ST distance 
	[1m]

	
	Min. UT - ST distance
	Human: [1m]
AGV: [1m]

	
	Min. ST –ST distance 
	Human:1m
AGV: [1m-2m]

	
	ST RCS
	FFS, according to the discussion of channel model in AI 9.7.2

	Environment object parameters
	EO type
	FFS

	
	EO density
	FFS

	
	EO distribution
	FFS

	
	EO RCS
	FFS, according to the discussion of channel model in AI 9.7.2

	(*): Only one sensing target type for a specific sensing use case evaluation.
(**): The height of sensing target is related to whether the size of the sensing target is considered or not, for simplicity, the height of centroid is considered to characterize the height of the sensing object.
(***): Whether to consider the dimension of sensing targets is determined by the RCS model of the channel model. 



In the outdoor scenario, the sensing targets are mainly UAV, vehicles and outdoor human in outdoor, and thus, its evaluation parameters can be defined as in Table 2.
Proposal 3:  [bookmark: _Ref163031859]RAN1 studies the evaluation parameters for outdoor deployment scenarios and considers Table 2 as a starting point.
[bookmark: _Ref162788005]Table 2: Detailed evaluation parameters for outdoor UMi, UMa and RMa scenarios of sensing.
	Parameters
	UMi
	UMa
	RMa

	Basic parameters
	Cell layout
	Hexagonal grid, 7/19 micro sites, 3 sectors per site (ISD = 200m)
	Hexagonal grid, 7/19 macro sites, 3 sectors per site (ISD = 500m)
	Hexagonal grid, 19 Macro sites, 3sectors per site, ISD = 1732m or 5000m

	
	BS antenna height 
	10m
	25m
	35m

	
	UT location
	Outdoor/indoor
	Outdoor
	Outdoor
	Outdoor

	
	
	Indoor UT ratio
	0%
	0%
	0%

	
	
	LOS/NLOS
	LOS and NLOS
	LOS and NLOS
	LOS and NLOS

	
	
	Height 
	1.5m / [0.75m]
	1.5m / [0.75m]
	1.5m / [0.75m]

	
	UT mobility (horizontal plane only)
	0km/h / 3km/h / [30km/h] / [60km/h] / [120km/h]

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

	
	UT distribution (2D)
	Uniform
	Uniform
	Uniform

	Sensing target parameters
	ST type (*)
	Human or UAV or vehicle

	
	ST location
	Outdoor/indoor
	outdoor

	
	
	Indoor ratio
	0%

	
	
	LOS/NLOS
	LOS and NLOS

	
	
	Height  (**)
	Human: 0.75~1.25m (height of human centroid)
UAV: <300m
Vehicle: 0.5m~1.5m (height of car/truck centroid)

	
	
	Dimension (***) (length, width, height)
	FFS

	
	ST density
	[10] per TRP

	
	ST distribution 
	[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Human: uniform
UAV: uniform
Vehicle: uniform in the lanes with the limitation of vehicle size

	
	ST mobility 
	Human: <3km/h, uniform linear motion and / or periodic reciprocating motion (such as breathing, heartbeat, repetitive movements)
UAV: <160km/h, uniform linear motion
Vehicle: 20~140 km/h, uniform linear motion
Other forms of mobility of human, UAV and vehicle are not precluded.

	
	Min. BS - ST distance
	[10m]

	
	Min. UT - ST distance
	Human: [1m]
UAV and vehicle: [10m]

	
	Min. ST – ST distance
	Human:1m
UAV: [velocity * 2ms]
Vehicles: [velocity * 2ms]

	
	ST RCS
	FFS, according to the discussion of channel model in AI 9.7.2

	[bookmark: _Hlk162458032]Environment object parameters
	EO type
	FFS

	
	EO density
	FFS

	
	EO distribution
	FFS

	
	EO RCS
	FFS, according to the discussion of channel model in AI 9.7.2

	(*): Only one sensing target type for a specific sensing use case evaluation.
(**): The height of sensing target is related to whether the size of the sensing target is considered or not, for simplicity, the height of centroid is considered to characterize the height of the sensing object.
(***): Whether to consider the dimension of sensing targets is determined by the RCS model of the channel model.



In the last meeting [2], the environment objectives different from sensing targets are proposed to model the ISAC channel. There are many types of environment objects, such as building exterior walls, ground, indoor wall, cabinet, and so forth. In addition, a sensing target in a sensing service can be an environment object from the perspective of another sensing service, and vice versa. The environment objects are dependent on the deployment scenarios, and how many environment objects are selected may influence the accuracy and complexity of the environment in ISAC channel modeling. Therefore, RAN1 may need to limit the types and the number of environment objects in ISAC channel modeling in consideration of environment accuracy and complexity.
[bookmark: _Ref163031837]A sensing target for a sensing service can be an environment object from the perspective of another sensing service, and vice versa.
[bookmark: _Ref163031841]Environment objects are dependent on the deployment scenarios.
Proposal 4:  [bookmark: _Ref163031861]RAN1 studies the types of environment objects and identify the limited environment objects in consideration of environment accuracy and complexity.

Conclusions
This contribution we studied the detailed scenarios parameters for outdoor and indoor deployments scenarios. In addition, further explanation about the indoor room has been provided with the detailed evaluation parameters. The observations and proposals are summarized as follows.
Observation 1: For the deployment scenario with proper inter-site distance, there is no constraints on the frequency band, as long as the transmission power from each TRP is adjusted accordingly.
Observation 2: Deployment scenarios are independent of use cases, basic deployment parameters of TRPs and UEs can be identified and sensing specific parameters can be defined and applied to specific use cases.
Observation 3: Deployment scenarios are independent of sensing modes.
Observation 4: A sensing target for a sensing service can be an environment object from the perspective of another sensing service, and vice versa.
Observation 5: Environment objects are dependent on the deployment scenarios.

Proposal 1: For sensing indoor room scenario, RAN1 reuses TR 38.808 indoor-B communication scenario as a starting point.
- Other enhanced indoor room scenarios are not precluded.
Proposal 2: RAN1 studies the evaluation parameters for indoor deployment scenarios and considers Table 1 as a starting point.
Proposal 3: RAN1 studies the evaluation parameters for outdoor deployment scenarios and considers Table 2 as a starting point.
Proposal 4: RAN1 studies the types of environment objects and identify the limited environment objects in consideration of environment accuracy and complexity.
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