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Introduction
As described in WID, the objectives of the study on channel modelling for Integrated Sensing And Communication (ISAC) for NR [1] are summarized 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)
· [bookmark: OLE_LINK1]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 share our views on the potential deployment scenarios of the selected use cases for channel modeling.
[bookmark: _Toc100275784][bookmark: _Toc100275564][bookmark: _Toc100275785][bookmark: _Toc100275565][bookmark: _Toc100275786][bookmark: _Ref100589852]Discussion
The example objects to be detected and/or tracked recommended in SID include UAV, humans indoors and outdoors, automotive vehicles (at least outdoors), Automated Guided Vehicles (AGV, e.g., in indoor factories) and objects creating hazards on roads/railways, which are well discussed in 3GPP TR 22.837 with the relevant requirements from the sensing services aspect.
The preferred sensing modes, deployment scenarios and the corresponding use cases in 3GPP TR 22.837 are summarized in Table 1. 
Table 1 Example use cases and the preferred sensing modes, deployment scenario and frequency bands
	Sensing Target
	Deployment Scenario
	Frequency
	Preferred Sensing Mode
	Example Use-cases (from [2])

	UAV
	Outdoor
	Prioritize below 52.6GHz
	TRP-UE bistatic,
UE-TRP bistatic,
TRP-TRP bistatic,
TRP-monostatic
	UC 5.10: UAV flight trajectory tracing
UC 5.12: Network assisted sensing to avoid UAV collision
UC 5.13: Use case on sensing for UAV intrusion detection
UC 5.22. UAVs, vehicles or pedestrian detection near Smart Grid equipment

	Human
	Indoor
	Prioritize below 52.6GHz
	UE-UE bistatic,
UE-monostatic,
TRP-UE bistatic
	UC 5.1. Intruder detection in smart home
UC 5.25. Immersive experience based on sensing

	
	Outdoor
	Prioritize below 52.6GHz
	TRP-UE bistatic,
TRP-TRP bistatic,
TRP-monostatic
	UC 5.6. Intruder detection in surroundings of smart home
UC 5.22. UAVs, vehicles or pedestrian detection near Smart Grid equipment
UC 5.14. Sensing for tourist spot traffic management

	Automotive vehicle
	Outdoor
	Prioritize below 52.6GHz
	TRP-UE bistatic,
UE-UE bistatic,
UE-monostatic
	UC 5.8. Sensing Assisted Automotive Maneuvering and Navigation
UC 5.31. Blind spot detection
UC 5.30. Sensing for automotive maneuvering and navigation service when not served by RAN
UC 5.28: Vehicles Sensing for ADAS
UC 5.26: Accurate sensing for automotive maneuvering and navigation service

	AGV/AMR
	Indoor Factory
	Prioritize FR2
	TRP-UE bistatic,
TRP-TRP bistatic,
UE-UE bistatic
UE-monostatic
	UC 5.9. AGV detection and tracking in factories
UC 5.32. Integrated sensing and positioning in factory hall
UC 5.23. AMR collision avoidance in smart factories

	Objects creating hazards on roads/railways
	Outdoor
	Prioritize FR1
	TRP-UE bistatic,
UE-TRP bistatic,
TRP-TRP bistatic,
TRP-monostatic
	UC 5.2. Pedestrian/animal intrusion detection on a highway
UC 5.7. Sensing for railway intrusion detection


In following, we will further discuss the deployment scenarios of each recommended sensing target according to the use cases discussed in TR 22.837.
UAV
[bookmark: _Hlk158868544]As discussed in UC 5.10/12/13 from [2], the trajectory tracing, collision avoidance and intrusion detection of a UAV need to be supported via sensing. In TR 36.377[3], the UAV is studied as an aerial UE in LTE networks with the distances defined as Figure 1 for example. In that study, the maximum target height and the maximum horizontal speed requirement for aerial vehicles are 300m Above Ground Level (AGL) and 160 km/h, respectively. Furthermore, for evaluation, the parameters are defined as UMi-AV, UMa-AV and RMa-AV.
[image: ]
[bookmark: _Ref158830721]Figure 1 the definition of 2D and 3D distances for aerial UEs[3]
To trace UAV flighting trajectory (UC 5.10) as illustrated in Figure 2[2], a number of RAN entities, including TRPs and (aerial) UEs are involved for sensing, so as to detect UAV intrusion and avoid collision. Thus, the assumption on the BS antenna height needs to be reasonable to sense the UAV target. 
[image: ]
[bookmark: _Ref158831862]Figure 2 UAV flight trajectory tracing by 5G system[2]
Therefore, to sense a UAV target, we suggest considering the scenarios defined in TR 36.777 as the starting point, e.g., UMa-AV and RMa-AV, where the related parameters of such an aerial UE can be considered for a UAV as a sensing target, such as the height and speed. The more sensing-related parameters, e.g., target type and size can be determined in channel modeling framework as we discuss in [4].
Proposal 1: For the UAV use cases, the deployment scenarios for an aerial UE defined in TR 36.777 can be selected as a starting point, e.g., UMa-AV, RMa-AV, where the related parameters of such aerial UE can be considered for a UAV as a sensing target.
Humans indoors
To detect an intruder (UC 5.1) and location of a user in a room (UC 5.25) via sensing, the typical scenario of an indoor environment can be naturally assumed. 
[image: ]
[bookmark: _Ref158836377]Figure 3 Example of accuracy required for UC 5.25[2]
Note that, for UC 5.25 as illustrated in Figure 3, it is required to sense the user’s location to provide the immersive experience, similar with the positioning study in TR 38.855, where three typical scenarios are defined for RAT-dependent positioning techniques as[5],
-	Scenario 1. Indoor Office for FR1 and FR2 (Open office)
-	Scenario 2. UMi street canyon for FR1 and FR2 (ISD 200m)
-	Scenario 3. UMa (ISD 500m) for FR1 only (Macro cell only deployment scenario)
Thus, Scenario 1, i.e., Indoor Office, with the parameters in Table 6.1.1-3 as copied below, can be selected in this study as a starting point.
Table 2 Scenario 1: Indoor office scenario parameters[5]
	
	FR1 Specific Values 
	FR2 Specific Values

	Layout 
	Indoor floor: (12BSs per 120m x 50m), TRP number per floor:12, Inter-gNB distance = 20m - Note 1

	Total gNB TX power, dBm
	24dBm
	24dBm
EIRP should not exceed 58 dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ – Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ – Note 1
One TXRU per polarization per panel is assumed

	gNB antenna radiation pattern
	Single sector – Note 1
	3-sector antenna configuration – Note 1

	Channel model
	Indoor open office – Note 2

	Peneteration loss
	0dB

	Number of floors
	1

	UE drop procedure
	100% indoor, uniformly distributed over the horizontal area

	UE mobility
	3km/h

	UE antenna height
	1.5m

	Min gNB-UE distance (2D), m
	0m

	gNB antenna height
	3m

	Note 1:	According to 3GPP TR 38.802
Note 2:	According to 3GPP TR 38.901


Note that the parameters and values in the table is defined for evaluation on the positioning performance with RAT-dependent positioning techniques, which could not be necessary or not enough for sensing performance evaluation, such as the UE mobility and drop procedure. Therefore, it is necessary to further discuss which of these simulation parameters/assumptions need to be adapted/considered as the deployment scenario details.
Proposal 2: For the human indoor use cases, the deployment scenario for an Indoor Office evaluation with parameters defined in Table 6.1.1-3 of TR 38.855 based on the channel modeling details of TR 38.901 can be assumed as a starting point.
Humans outdoor
To detect intruder in surroundings of smart home (UC 5.6), pedestrian detection near Smart Grid equipment (UC 5.22) and sense for tourist spot traffic management (UC 5.14), the position of a human needs to be acquired via sensing as illustrated in Figure 4. 
[image: ]
[bookmark: _Ref158838528]Figure 4 Sensing for tourist spot traffic management[2]
Thus, the scenarios defined for positioning can be also considered. For example, Scenario 2 of UMi street canyon defined in [5] with the parameters in Table 6.1.1-4 as copied below can be used in this scenario as the starting point.
Table 3 Scenario 2: Urban micro (UMi) scenario parameters[5]
	
	FR1 Specific Values
	FR2 Specific Values

	Layout 
	Hexagonal grid, 19 or 7 macro sites, 3 sectors per site, ISD = 200m, Note 1
Wrap-around is applied, Note 2

	Total gNB TX power, dBm 
	44dBm
	37dBm per panel
EIRP should not exceed 73dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ, - Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 2, 2), (dH, dV) = (0.5, 0.5)λ, (dg,H,dg,V) = (4.0, 2.0)λ, - Note 1

	gNB antenna radiation pattern
	Directional, 8dBi – Note 1
Table 6.1.1-5
	Directional, 8dBi – Note 1
Table 6.1.1-5

	Channel model
	UMi Street Canyon – Note 3

	Penetration loss
	For outdoor UEs: 0dB

	Number of floors 
	All UEs are on the ground.

	UE drop procedure
	100% outdoor uniformly distributed over the horizontal area

	UE mobility (for modeling Doppler effects)
	Outdoor: 3km/h

	UE height, m 
	1.5m

	Min. gNB-UE distance (2D), m 
	10m

	gNB antenna height
	10 m by default. Companies can bring results with uniform distribution [5-20]m​

	Note 1:	According to 3GPP TR 38.802
Note 2:	In case if interference considerations are not properly taken into account for 7 sites companies are encouraged to provide results for 19 sites.
Note 3:	According to 3GPP TR 38.901


Note that the parameters and values in the table is defined for evaluation on the positioning performance with RAT-dependent positioning techniques, which could not be necessary or not enough for sensing performance evaluation, such as the UE height, UE trajectory, UE mobility and drop procedure. Therefore, it is necessary to further discuss which of these simulation parameters/assumptions need to be adapted/considered for the sensing performance evaluation.
Proposal 3: For the human outdoor use cases, the deployment scenario for UMi street canyon evaluation with parameters defined in Table 6.1.1-4 of TR 38.855 based on the channel modeling details of TR 38.901 can be assumed as a starting point.
Automotive vehicles
There are much more use cases for automotive vehicles with sensing based on UC 5.8 on Sensing Assisted Automotive Maneuvering and Navigation as illustrated in Figure 5.


[bookmark: _Ref158840640]Figure 5 5G System Assisted Automotive maneuvering and navigation[2]
Thus, the scenarios assumed in ever V2X studies can be referred in this study, such as TR 37.885 with parameters defined for urban grid and highway on below and above 6GHz[6]. More sensing-related parameters/assumptions, e.g., target type, velocity, drops and trajectory, can be discussed and determined in the channel modeling framework as we discuss in [4].
Proposal 4: For the automotive vehicles use cases, the deployment scenarios for the evaluation on V2X defined in TR 37.885 can be selected as a starting point.
Automated guided vehicles (AGV) 
To detect and track AGV (UC 5.9), avoid AMR collision (UC 5.23) and integrate positioning (UC 5.32), the typical deployment scenario is indoor factory as illustrated in Figure 6.
[image: ]
[bookmark: _Ref158843751]Figure 6 AGV presence and proximity detection[2]
Thus, the deployment scenarios assumed for indoor factory evaluation can be selected as the starting point, such as TR 38.875, where two scenarios with various options/configurations are defined for RAT-dependent positioning techniques for the positioning enhancements for the new commercial applications and industry verticals[7]:
-	Scenario 1. InF-SH for FR1 and FR2  
-	Scenario 2. InF-DH for FR1 and FR2. 
The parameters specific to the above scenarios are also provided in Table 6.1-1 of TR 38.875 as copied below:
Table 4 Parameters common to InF scenarios[7]
	
	FR1 Specific Values 
	FR2 Specific Values

	Channel model
	InF-SH, InF-DH
	InF-SH, InF-DH

	Layout 
	Hall size
	InF-SH: 
(baseline) 300x150 m 
(optional) 120x60 m
InF-DH: 
(baseline) 120x60 m
(optional) 300x150 m

	
	BS locations
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the small hall (L=120m x W=60m): D=20m
-	for the big hall (L=300m x W=150m): D=50m
[image: ]

	
	Room height
	10m

	Total gNB TX power, dBm
	24dBm
	24dBm
EIRP should not exceed 58 dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ – Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ – Note 1
One TXRU per polarization per panel is assumed

	gNB antenna radiation pattern
	Single sector – Note 1
	3-sector antenna configuration – Note 1

	Penetration loss
	0dB

	Number of floors
	1

	UE horizontal drop procedure
	Uniformly distributed over the horizontal evaluation area for obtaining the CDF values for positioning accuracy, The evaluation area should be 
- (baseline) at least the convex hull of the horizontal BS deployment.
- (optional) It can also be the whole hall area if the CDF values for positioning accuracy is obtained from whole hall area. 

	UE antenna height
	Baseline: 1.5m
(Optional): uniformly distributed within [0.5, X2]m, where X2 = 2m for scenario 1(InF-SH) and X2=[image: ][image: ] for scenario 2 (InF-DH)  

	UE mobility
	3km/h 

	Min gNB-UE distance (2D), m
	0m

	gNB antenna height
	Baseline: 8m
(Optional): two fixed heights, either {4, 8} m, or {max(4,[image: ][image: ]), 8}.

	Clutter parameters: {density [image: ][image: ], height [image: ][image: ],size [image: ][image: ]}
	Low clutter density: 
{20%, 2m, 10m}
High clutter density:
- Baseline): {40%, 2m, 2m} for fixed UE antenna height and gNB antenna height
- (Optional): {40%, 3m, 5m}
- (Optional): {60%, 6m, 2m}

	Note 1:	According to Table A.2.1-7 in TR 38.802



Note that the parameters and values in the table is defined for evaluation on the positioning performance with RAT-dependent positioning techniques, which could not be necessary or not enough for sensing performance evaluation, such as the UE height, UE trajectory, UE mobility and drop procedure. Therefore, it is necessary to further discuss which of these simulation parameters/assumptions need to be adapted/considered for the sensing performance evaluation.
Proposal 5: For the AGV use cases, the deployment scenarios for an indoor factory evaluation with the parameters defined in Table 6.1-1 of TR 38.857, based on the channel modeling details of TR 38.901 can be selected as a starting point.
Objects creating hazards on roads/railways, with a minimum size dependent on frequency
For this kind of use cases, the objects to be detected via sensing are not as clearly defined as the other use cases. According to the assumptions in UC 5.2 and UC 5.7, the objectives could be pedestrian (adult), animal (sheep/deer) or vehicle/trains, as illustrated in Figure 7.
[image: ]
[bookmark: _Ref158846364]Figure 7 Intrusion detection on a dual three-lane carriageway[2]
In general, the highway scenario assumed for the evaluation on V2X can be selected as the starting point, such as TR 37.885[6]. More sensing-related parameters, target type, size, velocity and trajectory, can be discussed and determined in the channel modeling framework as we discuss in [4].
Proposal 6: For the use cases of objects creating hazards on roads/railways, the deployment scenarios of highway for the evaluation on V2X defined in TR 37.885 can be selected as a starting point.
Summary
In general, we propose to select the deployment scenarios that have been used for the evaluations with RAT-dependent techniques as the starting point in this study, which can be enhanced with potential new sensing-related parameters/assumptions, as summarized in Table 5.
[bookmark: _Ref158847400]Table 5 Summary of proposed deployment scenarios to be enhanced
	Sensing Target
	Scenarios as the starting point to be enhanced
	Sensing-related parameters and assumptions

	UAV
	Scenarios defined in TR 36.777, e.g., UMa-AV, RMa-AV.
	E.g., target drops, size, type of a UAV; UE drops, UE heights.

	Human
	Indoor
	Indoor Office defined in Table 6.1.1-3 of TR 38.855
	E.g., target type, height, pose, drops and trajectory; UE drops, UE heights.

	
	Outdoor
	UMi street canyon defined in Table 6.1.1-4 of TR 38.855
	

	Automotive vehicle
	Scenarios defined in TR 37.885
	E.g., target type, velocity, drops and trajectory; UE drops, UE heights, UE mobility

	AGV/AMR
	Indoor factory defined in Table 6.1-1 of TR 38.857
	E.g., target type, velocity, drops and trajectory; UE drops, UE heights, UE mobility

	Objects creating hazards on roads/railways
	Highway scenario defined in TR 37.885
	E.g., target type, size, velocity and trajectory; UE drops, UE heights, UE mobility


Note that in the table the UE could be the selected node to assist sensing in UE-involved sensing modes, i.e., TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic and UE-monostatic modes.
Thus, we have a proposal to consider the table to summarize the initial deployment scenarios for the selected use cases for further enhancement on the sensing-related parameters.
Proposal 7: Select the deployment scenarios that have been used for the evaluations with RAT-dependent techniques as the starting point, which can be enhanced with the potential new sensing-related parameters/assumptions as summarized in the table below.
	[bookmark: _Hlk159147751]Sensing Target
	Scenarios as the starting point to be enhanced
	Sensing-related parameters and assumptions

	UAV
	Scenarios defined in TR 36.777, e.g., UMa-AV, RMa-AV,
	E.g., target drops, size, type of a UAV; UE drops, UE heights.

	Human
	Indoor
	E.g., target type, height, pose, drops and trajectory; UE drops, UE heights.
	E.g., UE height, pose, drops and trajectory

	
	Outdoor
	UMi street canyon defined in Table 6.1.1-4 of TR 38.855
	

	Automotive vehicle
	Scenarios defined in TR 37.885
	E.g., target type velocity, drops and trajectory; UE drops, UE heights, UE mobility

	AGV/AMR
	Indoor factory defined in Table 6.1-1 of TR 38.857
	E.g., target type velocity, drops and trajectory; UE drops, UE heights, UE mobility

	Objects creating hazards on roads/railways
	Highway scenario defined in TR 37.885
	E.g., target type, size, velocity and trajectory; UE drops, UE heights, UE mobility


Note that in the table the UE could be the selected node to assist sensing in UE-involved sensing modes, i.e., TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic and UE-monostatic modes.
Conclusion
On the deployment scenarios of the recommended use cases, i.e., sensing targets, we have the following proposals: 
Proposal 1: For the UAV use cases, the deployment scenarios for an aerial UE defined in TR 36.777 can be selected as a starting point, e.g., UMa-AV, RMa-AV, where the related parameters of such aerial UE can be considered for a UAV as a sensing target.
Proposal 2: For the human indoor use cases, the deployment scenario for an Indoor Office evaluation with parameters defined in Table 6.1.1-3 of TR 38.855 based on the channel modeling details of TR 38.901 can be assumed as a starting point.
Proposal 3: For the human outdoor use cases, the deployment scenario for UMi street canyon evaluation with parameters defined in Table 6.1.1-4 of TR 38.855 based on the channel modeling details of TR 38.901 can be assumed as a starting point.
Proposal 4: For the automotive vehicles use cases, the deployment scenarios for the evaluation on V2X defined in TR 37.885 can be selected as a starting point.
Proposal 5: For the AGV use cases, the deployment scenarios for an indoor factory evaluation with the parameters defined in Table 6.1-1 of TR 38.857, based on the channel modeling details of TR 38.901 can be selected as a starting point.
Proposal 6: For the use cases of objects creating hazards on roads/railways, the deployment scenarios of highway for the evaluation on V2X defined in TR 37.885 can be selected as a starting point.
Proposal 7: Select the deployment scenarios that have been used for the evaluations with RAT-dependent techniques as the starting point, which can be enhanced with the potential new sensing-related parameters as summarized in the table below.
	Sensing Target
	Scenarios as the starting point to be enhanced
	Sensing-related parameters and assumptions

	UAV
	Scenarios defined in TR 36.777, e.g., UMa-AV, RMa-AV,
	E.g., target drops, size, type of a UAV; UE drops, UE heights.

	Human
	Indoor
	E.g., target type, height, pose, drops and trajectory; UE drops, UE heights.
	E.g., UE height, pose, drops and trajectory

	
	Outdoor
	UMi street canyon defined in Table 6.1.1-4 of TR 38.855
	

	Automotive vehicle
	Scenarios defined in TR 37.885
	E.g., target type velocity, drops and trajectory; UE drops, UE heights, UE mobility

	AGV/AMR
	Indoor factory defined in Table 6.1-1 of TR 38.857
	E.g., target type velocity, drops and trajectory; UE drops, UE heights, UE mobility

	Objects creating hazards on roads/railways
	Highway scenario defined in TR 37.885
	E.g., target type, size, velocity and trajectory; UE drops, UE heights, UE mobility


Note that in the table the UE could be the selected node to assist sensing in a UE-involved sensing modes, i.e., TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic and UE-monostatic modes.
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