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1 Introduction
A RAN1-led study item has been agreed in RAN#102 for channel modeling for sensing, with the following objectives [1]
	[bookmark: _Hlk155551280]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

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.

It will be discussed at RAN#105 whether to include additional study beyond channel modelling for ISAC.



At RAN1 #1160-bis, the following agreements were made related to ISAC deployment scenarios: 
	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, we summarize our views on the next steps on ISAC deployment scenarios. 
2 Sensing target & scenario mapping table 
With regards to the sensing targets and the agreed mapping table, we have the following observations: 
· If the sensing target is a human indoor, we do not consider outdoor-to-indoor sensing as a likely deployment scenario, nor a viable/feasible one, at least when it comes to the level of modelling that is expected within a 3GPP framework and timeline; therefore, we prefer to not pursue it further.  
· Similarly, if the sensing target is a human outdoor, with regards to the RMa scenario with ISD of 1732 m or 5000 m, it is unlikely any reasonable sensing capability will be demonstrated due to large ISD and the large pathloss; therefore, we also prefer to not pursue it further.
Therefore, we make the following proposal:

Proposal 1: Resolve the brackets in the sensing target & scenario mapping table as follows:
· For the “Human indoors” sensing target
· do not include Umi, Uma as a scenario
· For the “Human outdoor” sensing target
· Do not include RMa as a scenario
3 Sensing modes
The deployment scenario should be independent of use cases and sensing modes. The channel modelling should be unified for any use case and sensing mode. During last meeting, there was a discussion to exclude 2 cases:
· For UAV sensing, it was discussed whether to exclude the case that a UE is the sensing transmitter or receiver. However, we think that is a likely case that either, a UAV (e.g. which is a UE) could be receiving the reflected signals, or transmitting to sense other UAVs, or that another type of UE (e.g. handheld device) is picking up the reflections from a transmitting gNB. 
· For human sensing, it was discussed whether to deprioritize sensing modes where there is no TRP involvement. Such cases in which a UE is picking up reflections (e.g. UE-UE monostatic, UE-UE bi-static, UE being an RSU, etc) are very useful to be considered given the vast use-cases of interest that 3GPP should consider (e.g. in the automotive sensing case, a car is sensing another car, or an RSU is sensing another UE; in the indoor use-cases, a device is sensing through monostatic sensing an intruder, etc).
Furthermore, when it comes to the channel model for sensing, deprioritizing a subset of sensing modes for specific use-cases may not necessarily introduce any modeling simplification; instead, it might impose an unnecessary limitation on the model’s applicability. Based on the above, we make the following proposal: 

Proposal 2: For ISAC use cases and sensing targets, RAN1 should consider all six sensing modes without an exception and without an explicit prioritization. 
4 Frequency ranges
With regards to the frequency ranges associated with a given sensing target, in a similar way as described above, when it comes to the channel model for sensing, deprioritizing a specific FR for specific use-cases may not necessarily introduce any modeling simplification; instead, it might impose an unnecessary limitation on the model’s applicability. 
Proposal 3: For all the sensing targets considered, both FR1 and FR2 is considered without an exception and without an explicit prioritization.  
5 Detailed scenario parameters
In this Section, we provide, for each agreed sensing target, a set of initial main parameters that should be considered with regards to the parameters and the assumption used in the corresponding scenario. 
5.1 General parameters for modelling an object & object types
With regards to the parameters for modelling a sensing target or an environment object, we believe that the same parameters should be used for both. In either case, these are just objects that can be abstracted out using a few main parameters.
Proposal 4: The general parameters that model a sensing target should be the same as that for an environment object. In other words, we can just discuss how to parametrize an “object”. 
Proposal 5: Define modeling of objects as follows: 
· Define families of object types, and reuse these object types across multiple scenarios.

Proposal 6: Define at least the following families of object types:
· Object type 1: UAV
· Object type 2: Human
· Object type 3: AGV
· Object type 4: Vehicle
· Object type 5: Animal
· Object type 6: Building/wall
· Object type 7: Rain
5.2 UAV scenarios
With regards to the evaluation parameters for UAV sensing scenarios, we make the following updates:

Proposal 7: Support the following updates in the Evaluation parameter table for UAV sensing scenarios:

	Parameters
	Value

	Applicable communication scenarios
	UMA-AV (FR1 only), UMi-AV (FR1 & FR2), RMa-AV (FR1 only)

	System parameters
	Carrier frequency of FR1(3.5 GHz) & FR2 (28 GHz)
· For FR1, use as starting point the system parameters and the values from TR 36.777 for the RMa/Uma/Umi scenarios in Table A.1-1
· For FR2, use as a starting point the system parameters from TR 36.777 Table A.1-1 and TR 38.855 (Tables 6.1.1-1, 6.1.1-2, 6.1.1-4) with at least the following FR2-specific changes: 
	Scenario
	UMi-AV

	Cell layout
	Hexagonal grid, 19 micro sites, 3 sectors per site (ISD = 200m)

	Carrier frequency
	28 GHz

	Bandwidth
	100 MHz, 400 MHz

	SCS
	120 KHz

	UE antenna configuration
	Multi-panel configuration 1 and panel configuration a

	Total gNB Tx power
	37 dBm per panel

	gNB antenna configuration
	(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

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

	UE mobility
	Outdoor: 3km/h

	gNB Noise Figure
	7 dB

	UE Noise Figure
	13 dB




	Sensing transmitters and receivers properties
	BSs and UEs in the corresponding communication scenario 

	Supported sensing modes
	All 6 modes: TRP monostatic, TRP bistatic, Aerial UE monostatic, Aerial UE bistatic, TRP – Aerial UE bistatic, Aerial UE – TRP bistatic

	Sensing target
	Outdoor/indoor
	Outdoor

	
	LOS/NLOS (Tx-UAV, and UAV-Rx)
	· Alt1: LOS condition
· Alt2: LOS/NLOS condition based on LOS probability equation in TR36.777

	
	3D mobility
	horizontal plane only:
· Option 1: uniform between 3 and 160 km/h
· Option 2: 3 km/h, 30 km/h, 60 km/h, 160 km/h

Maximum flight height:
· Option 1: up to 300 m;
· Option 2: up to 600m

	
	3D distribution
	· Uniform with up to [1, 2, …, 5] targets per sector – only for the center site
· Height: Uniformly distributed between 1.5m and 300m

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	Size (Length x Width x Height):
· Option 1: [0.15m x 0.15m x 0.05m] 
· Option 2: [1.5m x 1.5m x 0.5m]
· Option 3: [3m x 3m x 1m]

RCS modelling:
· FFS

	Unintended/Environment objects
	Types
	FFS

	
	3D mobility
	FFS

	
	3D distribution
	FFS

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	FFS

	Sensing area
	For TRP-monostatic and TRP-TRP bistatic: 
· Same as center site layout
For TRP- aerial UE and aerial UE- aerial UE
· X meters 3-D distance around an Areal UE

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	· Minimum distance TRP – UAV: 10 m
· Minimum distance UAV – UAV: 10 m



5.3 Humans scenarios
With regards to the evaluation parameters for humans sensing scenarios, we make the following updates:
Proposal 8: Support the following updates in the Evaluation parameter table for humans sensing scenarios:

	Parameters
	Value

	Applicable communication scenarios
	UMI, UMA, InH, InF

	System parameters
	Carrier frequency of FR1 (3.5 GHz) & FR2 (28 GHz)
· For InH, InF, for both FR1 and FR2, use as a starting point the systems parameters and values from TR 38.855 Scenario 1 (Indoor Office for FR1 and FR2 (Open Office)) in Section 6.1 and Tables 6.1.1-1, Tables 6.1.1-2, Tables 6.1.1-3
· For UMI, UMA, 
· for both FR1 and FR2, for Umi, use as a starting point the systems parameters and values from TR 38.855 Scenario 2 (UMi street canyon for FR1 and FR2 (ISD 200m) in Section 6.1 and Tables 6.1.1-1, Tables 6.1.1-2, Tables 6.1.1-4, Tables 6.1.1-5
· for FR1 only, for UMa, use as a starting point the systems parameters and values from TR 38.855 Scenario 3 (UMa (ISD 500m) for FR1 only (Macro cell only deployment scenario)) in Section 6.1 and Tables 6.1.1-1, Tables 6.1.1-5, Tables 6.1.1-6.

	Sensing transmitters and receivers properties
	BSs and UEs in the corresponding communication scenario 

	Supported sensing modes
	All 6 modes: TRP monostatic, TRP bistatic, UE monostatic, UE bistatic, TRP –UE bistatic, UE – TRP bistatic

	Sensing target
	Outdoor/indoor
	Outdoor (for Umi, Uma)
Indoor (for InH, InF)

	
	LOS/NLOS (Tx-target, and target-Rx)
	· Option 1: LOS condition
· Option 2: LOS/NLOS condition based on LOS probability equation in TR38.901

	
	3D mobility
	horizontal plane only:
· Human velocity: 0, 3, 10 km/h

	
	3D distribution
	· Uniform with up to [1, 2, …, 5] targets 

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	Size (Length x Width x Height):
· Child: 0.2m x 0.3m x 1m
· Adult: 0.5m x 0.5m x 1.75m

RCS modelling:
· FFS

	Unintended/Environment objects
	Types
	Option 1: Human(s)
Option 2: AGVs (InF)

	
	3D mobility
	FFS

	
	3D distribution
	FFS

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	For Option 1: Human
· Size (Length x Width x Height):
· Child: 0.2m x 0.3m x 1m
· Adult: 0.5m x 0.5m x 1.75m
For Option 2: AGV
· Size (Length x Width x Height):
· Option 1: 0.5m x 0.5m x 0.2m
· Option 2: 0.9m x 0.6m x 1m

	Sensing area
	For TRP-monostatic and TRP-TRP bistatic: 
· All indoor deployment area
For TRP-UE and UE monostatic/bistatic
· X meters 3-D distance around a UE

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	FFS




5.4 Automotive vehicles scenarios

Proposal 9: Support the following updates in the Evaluation parameter table for automotive vehicles sensing scenarios:

	Parameters
	Value

	Applicable communication scenarios
	Highway, Urban grid

	System parameters
	Reuse the parameters and values from TR 37.885 (Sections 6.1.1, 6.1.2, 6.1.3, 6.1.4, 6.1.5), with the following notes/changes:
	Bandwidth
	200MHz, 400 MHz, or 800 MHz

	Carrier frequency
	30 GHz

	Inter-BS distance
	250m, 500m


	Antenna array configuration for vehicle UE
	(2,4,2,1,1), or (2,4,2,8,1) 
· In addition to (2,4,2,1,1) in TR 37.885, antenna array configuration of (2,4,2,8,1) can be used for vehicular UE to achieve high angular resolution sensing desirable for LRR/SRR use cases

	Antenna array bearing angle
	45°, 90°, 135°, or 270° for corner or side SRR use cases

	Traffic model
	periodic and aperiodic sensing traffic with update rate parameters (5 to 20 fps for LRR and 20 to 50 fps for SRR)





	Sensing transmitters and receivers properties
	Define percent of UEs with sensing capability only, or communication only capability, or both communication and sensing capability
· An example, radar only can be 25% or 100% of the total UE drop with remaining UE as communication only

	Supported sensing modes
	All 6 modes: TRP monostatic, TRP bistatic, UE monostatic, UE bistatic, TRP –UE bistatic, UE – TRP bistatic

	Sensing target
	Outdoor/indoor
	Outdoor

	
	LOS/NLOS (Tx-target, and target-Rx)
	Support both the following options:
· Option 1: LOS for Highway/urban grid scenario = 1
· Option 2: According to Table 6.2-1

	
	3D mobility
	· Option 1: 140 km/h in all the lanes
· Option 2: (optional) Vehicle speed is 70 km/h or 250 km/h in all the lanes

	
	3D distribution
	The distance between the rear bumper of a vehicle and the front bumper of the following vehicle in the same lane is max {r meter, an exponential random variable with the average of the speed * t sec}. 
Instead of a single value of 2 for both r and t (as used in TR 37.885), more values can be provided for both these parameters for LRR /SRR use cases: FFS on (r,t) values

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	all three types/sizes included in Section 6.1.2 of TR 37.885

	Unintended/Environment objects
	Types
	For Option 1: Human
· Size (Length x Width x Height):
· Child: 0.2m x 0.3m x 1m
· Adult: 0.5m x 0.5m x 1.75m
For Option 2: vehicles
· all three types/sizes included in Section 6.1.2 of TR 37.885

	
	3D mobility
	FFS

	
	3D distribution
	FFS

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	For Option 1: Human
· Size (Length x Width x Height):
· Child: 0.2m x 0.3m x 1m
· Adult: 0.5m x 0.5m x 1.75m
For Option 2: vehicles
· all three types/sizes included in Section 6.1.2 of TR 37.885

	Sensing area
	For TRP-monostatic and TRP-TRP bistatic: 
· All indoor deployment area
For TRP-UE and UE monostatic/bistatic
· X meters 3-D distance around a UE

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	FFS





5.5 Automated guided vehicles scenarios
Proposal 10: Support the following updates in the Evaluation parameter table for AGV sensing scenarios:

	Parameters
	Value

	Applicable communication scenarios
	InF

	System parameters
	Carrier frequency of FR1 (3.5 GHz) & FR2 (28 GHz)
· For both FR1 and FR2, use a starting point the parameters and values for the InF-SH and InF-DH scenarios from TR 38.857 Section 6.1

	Sensing transmitters and receivers properties
	BSs and UEs in the corresponding communication scenario 

	Supported sensing modes
	All 6 modes: TRP monostatic, TRP bistatic, UE monostatic, UE bistatic, TRP –UE bistatic, UE – TRP bistatic

	Sensing target
	Outdoor/indoor
	Indoor

	
	LOS/NLOS (Tx-target, and target-Rx)
	LOS/NLOS condition based on LOS probability equation in TR38.901

	
	3D mobility
	horizontal plane only:
· AGV velocity: 5, 30 km/h

	
	3D distribution
	· Uniform with up to [1, 2, …, 5] targets 

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	Size (Length x Width x Height):
· Option 1: 0.5m x 0.5m x 0.2m
· Option 2: 0.9m x 0.6m x 1m

RCS modelling:
· FFS

	Unintended/Environment objects
	Types
	Option 1: Human(s)
Option 2: AGVs

	
	3D mobility
	FFS

	
	3D distribution
	FFS

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	FFS

	Sensing area
	For TRP-monostatic and TRP-TRP bistatic: 
· All indoor deployment area
For TRP-UE and UE monostatic/bistatic
· X meters 3-D distance around a UE

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	FFS



5.6 Objects creating hazards on roads/railways scenarios
With regards to the objects creating hazards on roads/railways scenarios, the following 3 scenarios were agreed to be considered further: 
	Sensing Targets
	scenarios 

	Objects creating hazards on roads/railways (examples defined in TR 22.837)
	Highway, Urban grid, HST



For this sensing scenario, we make the following proposals with regards to the objects that create hazards and their characteristics:
Proposal 11: Support the following updates in the Evaluation parameter table for sensing of objects creating hazards on roads/railways scenarios:

	Parameters
	Value

	Applicable communication scenarios
	Highway, Urban grid

	System parameters
	Reuse the parameters and values from TR 37.885 (Sections 6.1.1, 6.1.2, 6.1.3, 6.1.4, 6.1.5), with the following notes/changes:
	Bandwidth
	200MHz, 400 MHz, or 800 MHz

	Carrier frequency
	30 GHz

	Inter-BS distance
	250m, 500m


	Antenna array configuration for vehicle UE
	(2,4,2,1,1), or (2,4,2,8,1) 
· In addition to (2,4,2,1,1) in TR 37.885, antenna array configuration of (2,4,2,8,1) can be used for vehicular UE to achieve high angular resolution sensing desirable for LRR/SRR use cases

	Antenna array bearing angle
	45°, 90°, 135°, or 270° for corner or side SRR use cases

	Traffic model
	periodic and aperiodic sensing traffic with update rate parameters (5 to 20 fps for LRR and 20 to 50 fps for SRR)





	Sensing transmitters and receivers properties
	Define percent of UEs with sensing capability only, or communication only capability, or both communication and sensing capability
· An example, radar only can be 25% or 100% of the total UE drop with remaining UE as communication only

	Supported sensing modes
	All 6 modes: TRP monostatic, TRP bistatic, UE monostatic, UE bistatic, TRP –UE bistatic, UE – TRP bistatic

	Sensing target
	Outdoor/indoor
	Outdoor

	
	LOS/NLOS (Tx-target, and target-Rx)
	Support both the following options:
· Option 1: LOS for Highway scenario = 1
· Option 2: According to Table 6.2-1

	
	3D mobility
	· Option 1: 140 km/h in all the lanes
· Option 2: (optional) Vehicle speed is 70 km/h or 250 km/h in all the lanes

	
	3D distribution
	uniform

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	· [bookmark: _MCCTEMPBM_CRPT81540024___4]Animal (Sheep/deer) 
· Dimensions: 1.5m x 0.5m x 1 m
· velocity: 5 km/h 
· Pedestrian: Reuse the agreed dimensions and velocity from the “Human scenarios”  
· vehicle: Reuse the agreed dimensions and velocities from the “automotive scenarios”  

	Unintended/Environment objects
	Types
	FFS

	
	3D mobility
	FFS

	
	3D distribution
	FFS

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	FFS

	Sensing area
	For TRP-monostatic and TRP-TRP bistatic: 
· All indoor deployment area
For TRP-UE and UE monostatic/bistatic
· X meters 3-D distance around a UE

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	FFS



6 RCS Information for different Object types
Radar Cross Section (RCS), is a very important parameter that describes how detectable an object is by a radar system. Essentially, it quantifies how much radar energy an object reflects back to the source. A larger RCS indicates that an object is more easily detected by radar systems. 
After the object types have been defined with their associated dimensions, typical RCS values would need to be agreed. RCS depends on several factors, including the angle and the carrier frequency. For example, for UAV sensing, prior academic studies ([3],[4]) have shown that large RCS variation is observed with various angles, and that Maximum RCS is observed when sensing direction is perpendicular to the UAV plane, and  minimum RCS when sensing direction is in the UAV plane. Similarly, it was observed that RCS may experience deep fades at a few carrier frequencies.
Proposal 12: Use the following average RCS value ranges as a starting point for the following object types: 
	Object type
	Average RCS

	Type 1: UAV
	[-15 to 3] dBsm when facing the UAV

	Type 2: Human
	[-10 to 0] dBsm

	Type 3: Vehicle
	[10 to 20] dBsm


· Study how to model, for any given object, RCS dependencies on the incident and the reflection angles to the object’s orientation and on the carrier frequency
· FFS: RCS value ranges for the remaining object types after their dimensions have been clarified
7 Conclusion
We have discussed ISAC deployment scenarios and made the following proposals:  
Proposal 1: Resolve the brackets in the sensing target & scenario mapping table as follows:
· For the “Human indoors” sensing target
· do not include Umi, Uma as a scenario
· For the “Human outdoor” sensing target
· Do not include RMa as a scenario

Proposal 2: For ISAC use cases and sensing targets, RAN1 should consider all six sensing modes without an exception and without an explicit prioritization. 
Proposal 3: For all the sensing targets considered, both FR1 and FR2 is considered without an exception and without an explicit prioritization.  
Proposal 4: The general parameters that model a sensing target should be the same as that for an environment object. In other words, we can just discuss how to parametrize an “object”. 
Proposal 5: Define modeling of objects as follows: 
· Define families of object types, and reuse these object types across multiple scenarios.

Proposal 6: Define at least the following families of object types:
· Object type 1: UAV
· Object type 2: Human
· Object type 3: AGV
· Object type 4: Vehicle
· Object type 5: Animal
· Object type 6: Building/wall
· Object type 7: rain

Proposal 7: Support the following updates in the Evaluation parameter table for UAV sensing scenarios:

	Parameters
	Value

	Applicable communication scenarios
	UMA-AV (FR1 only), UMi-AV (FR1 & FR2), RMa-AV (FR1 only)

	System parameters
	Carrier frequency of FR1(3.5 GHz) & FR2 (28 GHz)
· For FR1, use as starting point the system parameters and the values from TR 36.777 for the RMa/Uma/Umi scenarios in Table A.1-1
· For FR2, use as a starting point the system parameters from TR 36.777 Table A.1-1 and TR 38.855 (Tables 6.1.1-1, 6.1.1-2, 6.1.1-4) with at least the following FR2-specific changes: 
	Scenario
	UMi-AV

	Cell layout
	Hexagonal grid, 19 micro sites, 3 sectors per site (ISD = 200m)

	Carrier frequency
	28 GHz

	Bandwidth
	100 MHz, 400 MHz

	SCS
	120 KHz

	UE antenna configuration
	Multi-panel configuration 1 and panel configuration a

	Total gNB Tx power
	37 dBm per panel

	gNB antenna configuration
	(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

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

	UE mobility
	Outdoor: 3km/h

	gNB Noise Figure
	7 dB

	UE Noise Figure
	13 dB




	Sensing transmitters and receivers properties
	BSs and UEs in the corresponding communication scenario 

	Supported sensing modes
	All 6 modes: TRP monostatic, TRP bistatic, Aerial UE monostatic, Aerial UE bistatic, TRP – Aerial UE bistatic, Aerial UE – TRP bistatic

	Sensing target
	Outdoor/indoor
	Outdoor

	
	LOS/NLOS (Tx-UAV, and UAV-Rx)
	· Alt1: LOS condition
· Alt2: LOS/NLOS condition based on LOS probability equation in TR36.777

	
	3D mobility
	horizontal plane only:
· Option 1: uniform between 3 and 160 km/h
· Option 2: 3 km/h, 30 km/h, 60 km/h, 160 km/h

Maximum flight height:
· Option 1: up to 300 m;
· Option 2: up to 600m

	
	3D distribution
	· Uniform with up to [1, 2, …, 5] targets per sector – only for the center site
· Height: Uniformly distributed between 1.5m and 300m

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	Size (Length x Width x Height):
· Option 1: [0.15m x 0.15m x 0.05m] 
· Option 2: [1.5m x 1.5m x 0.5m]
· Option 3: [3m x 3m x 1m]

RCS modelling:
· FFS

	Unintended/Environment objects
	Types
	FFS

	
	3D mobility
	FFS

	
	3D distribution
	FFS

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	FFS

	Sensing area
	For TRP-monostatic and TRP-TRP bistatic: 
· Same as center site layout
For TRP- aerial UE and aerial UE- aerial UE
· X meters 3-D distance around an Areal UE

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	· Minimum distance TRP – UAV: 10 m
· Minimum distance UAV – UAV: 10 m


Proposal 8: Support the following updates in the Evaluation parameter table for humans sensing scenarios:

	Parameters
	Value

	Applicable communication scenarios
	UMI, UMA, InH, InF

	System parameters
	Carrier frequency of FR1 (3.5 GHz) & FR2 (28 GHz)
· For InH, InF, for both FR1 and FR2, use as a starting point the systems parameters and values from TR 38.855 Scenario 1 (Indoor Office for FR1 and FR2 (Open Office)) in Section 6.1 and Tables 6.1.1-1, Tables 6.1.1-2, Tables 6.1.1-3
· For UMI, UMA, 
· for both FR1 and FR2, for Umi, use as a starting point the systems parameters and values from TR 38.855 Scenario 2 (UMi street canyon for FR1 and FR2 (ISD 200m) in Section 6.1 and Tables 6.1.1-1, Tables 6.1.1-2, Tables 6.1.1-4, Tables 6.1.1-5
· for FR1 only, for UMa, use as a starting point the systems parameters and values from TR 38.855 Scenario 3 (UMa (ISD 500m) for FR1 only (Macro cell only deployment scenario)) in Section 6.1 and Tables 6.1.1-1, Tables 6.1.1-5, Tables 6.1.1-6.

	Sensing transmitters and receivers properties
	BSs and UEs in the corresponding communication scenario 

	Supported sensing modes
	All 6 modes: TRP monostatic, TRP bistatic, UE monostatic, UE bistatic, TRP –UE bistatic, UE – TRP bistatic

	Sensing target
	Outdoor/indoor
	Outdoor (for Umi, Uma)
Indoor (for InH, InF)

	
	LOS/NLOS (Tx-target, and target-Rx)
	· Option 1: LOS condition
· Option 2: LOS/NLOS condition based on LOS probability equation in TR38.901

	
	3D mobility
	horizontal plane only:
· Human velocity: 0, 3, 10 km/h

	
	3D distribution
	· Uniform with up to [1, 2, …, 5] targets 

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	Size (Length x Width x Height):
· Child: 0.2m x 0.3m x 1m
· Adult: 0.5m x 0.5m x 1.75m

RCS modelling:
· FFS

	Unintended/Environment objects
	Types
	Option 1: Human(s)
Option 2: AGVs (InF)

	
	3D mobility
	FFS

	
	3D distribution
	FFS

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	For Option 1: Human
· Size (Length x Width x Height):
· Child: 0.2m x 0.3m x 1m
· Adult: 0.5m x 0.5m x 1.75m
For Option 2: AGV
· Size (Length x Width x Height):
· Option 1: 0.5m x 0.5m x 0.2m
· Option 2: 0.9m x 0.6m x 1m

	Sensing area
	For TRP-monostatic and TRP-TRP bistatic: 
· All indoor deployment area
For TRP-UE and UE monostatic/bistatic
· X meters 3-D distance around a UE

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	FFS




Proposal 9: Support the following updates in the Evaluation parameter table for automotive vehicles sensing scenarios:

	Parameters
	Value

	Applicable communication scenarios
	Highway, Urban grid

	System parameters
	Reuse the parameters and values from TR 37.885 (Sections 6.1.1, 6.1.2, 6.1.3, 6.1.4, 6.1.5), with the following notes/changes:
	Bandwidth
	200MHz, 400 MHz, or 800 MHz

	Carrier frequency
	30 GHz

	Inter-BS distance
	250m, 500m


	Antenna array configuration for vehicle UE
	(2,4,2,1,1), or (2,4,2,8,1) 
· In addition to (2,4,2,1,1) in TR 37.885, antenna array configuration of (2,4,2,8,1) can be used for vehicular UE to achieve high angular resolution sensing desirable for LRR/SRR use cases

	Antenna array bearing angle
	45°, 90°, 135°, or 270° for corner or side SRR use cases

	Traffic model
	periodic and aperiodic sensing traffic with update rate parameters (5 to 20 fps for LRR and 20 to 50 fps for SRR)





	Sensing transmitters and receivers properties
	Define percent of UEs with sensing capability only, or communication only capability, or both communication and sensing capability
· An example, radar only can be 25% or 100% of the total UE drop with remaining UE as communication only

	Supported sensing modes
	All 6 modes: TRP monostatic, TRP bistatic, UE monostatic, UE bistatic, TRP –UE bistatic, UE – TRP bistatic

	Sensing target
	Outdoor/indoor
	Outdoor

	
	LOS/NLOS (Tx-target, and target-Rx)
	Support both the following options:
· Option 1: LOS for Highway scenario = 1
· Option 2: According to Table 6.2-1

	
	3D mobility
	· Option 1: 140 km/h in all the lanes
· Option 2: (optional) Vehicle speed is 70 km/h or 250 km/h in all the lanes

	
	3D distribution
	The distance between the rear bumper of a vehicle and the front bumper of the following vehicle in the same lane is max {r meter, an exponential random variable with the average of the speed * t sec}. 
Instead of a single value of 2 for both r and t (as used in TR 37.885), more values can be provided for both these parameters for LRR /SRR use cases: FFS on (r,t) values

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	all three types/sizes included in Section 6.1.2 of TR 37.885

	Unintended/Environment objects
	Types
	For Option 1: Human
· Size (Length x Width x Height):
· Child: 0.2m x 0.3m x 1m
· Adult: 0.5m x 0.5m x 1.75m
For Option 2: vehicles
· all three types/sizes included in Section 6.1.2 of TR 37.885

	
	3D mobility
	FFS

	
	3D distribution
	FFS

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	For Option 1: Human
· Size (Length x Width x Height):
· Child: 0.2m x 0.3m x 1m
· Adult: 0.5m x 0.5m x 1.75m
For Option 2: vehicles
· all three types/sizes included in Section 6.1.2 of TR 37.885

	Sensing area
	For TRP-monostatic and TRP-TRP bistatic: 
· All indoor deployment area
For TRP-UE and UE monostatic/bistatic
· X meters 3-D distance around a UE

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	FFS




Proposal 10: Support the following updates in the Evaluation parameter table for AGV sensing scenarios:

	Parameters
	Value

	Applicable communication scenarios
	InF

	System parameters
	Carrier frequency of FR1 (3.5 GHz) & FR2 (28 GHz)
· For both FR1 and FR2, use a starting point the parameters and values for the InF-SH and InF-DH scenarios from TR 38.857 Section 6.1

	Sensing transmitters and receivers properties
	BSs and UEs in the corresponding communication scenario 

	Supported sensing modes
	All 6 modes: TRP monostatic, TRP bistatic, UE monostatic, UE bistatic, TRP –UE bistatic, UE – TRP bistatic

	Sensing target
	Outdoor/indoor
	Indoor

	
	LOS/NLOS (Tx-target, and target-Rx)
	LOS/NLOS condition based on LOS probability equation in TR38.901

	
	3D mobility
	horizontal plane only:
· AGV velocity: 5, 30 km/h

	
	3D distribution
	· Uniform with up to [1, 2, …, 5] targets 

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	Size (Length x Width x Height):
· Option 1: 0.5m x 0.5m x 0.2m
· Option 2: 0.9m x 0.6m x 1m

RCS modelling:
· FFS

	Unintended/Environment objects
	Types
	Option 1: Human(s)
Option 2: AGVs

	
	3D mobility
	FFS

	
	3D distribution
	FFS

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	FFS

	Sensing area
	For TRP-monostatic and TRP-TRP bistatic: 
· All indoor deployment area
For TRP-UE and UE monostatic/bistatic
· X meters 3-D distance around a UE

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	FFS



Proposal 11: Support the following updates in the Evaluation parameter table for sensing of objects creating hazards on roads/railways scenarios:

	Parameters
	Value

	Applicable communication scenarios
	Highway, Urban grid

	System parameters
	Reuse the parameters and values from TR 37.885 (Sections 6.1.1, 6.1.2, 6.1.3, 6.1.4, 6.1.5), with the following notes/changes:
	Bandwidth
	200MHz, 400 MHz, or 800 MHz

	Carrier frequency
	30 GHz

	Inter-BS distance
	250m, 500m


	Antenna array configuration for vehicle UE
	(2,4,2,1,1), or (2,4,2,8,1) 
· In addition to (2,4,2,1,1) in TR 37.885, antenna array configuration of (2,4,2,8,1) can be used for vehicular UE to achieve high angular resolution sensing desirable for LRR/SRR use cases

	Antenna array bearing angle
	45°, 90°, 135°, or 270° for corner or side SRR use cases

	Traffic model
	periodic and aperiodic sensing traffic with update rate parameters (5 to 20 fps for LRR and 20 to 50 fps for SRR)





	Sensing transmitters and receivers properties
	Define percent of UEs with sensing capability only, or communication only capability, or both communication and sensing capability
· An example, radar only can be 25% or 100% of the total UE drop with remaining UE as communication only

	Supported sensing modes
	All 6 modes: TRP monostatic, TRP bistatic, UE monostatic, UE bistatic, TRP –UE bistatic, UE – TRP bistatic

	Sensing target
	Outdoor/indoor
	Outdoor

	
	LOS/NLOS (Tx-target, and target-Rx)
	Support both the following options:
· Option 1: LOS for Highway scenario = 1
· Option 2: According to Table 6.2-1

	
	3D mobility
	· Option 1: 140 km/h in all the lanes
· Option 2: (optional) Vehicle speed is 70 km/h or 250 km/h in all the lanes

	
	3D distribution
	uniform

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	· Animal (Sheep/deer) 
· Dimensions: 1.5m x 0.5m x 1 m
· velocity: 5 km/h 
· Pedestrian: Reuse the agreed dimensions and velocity from the “Human scenarios”  
· vehicle: Reuse the agreed dimensions and velocities from the “automotive scenarios”  

	Unintended/Environment objects
	Types
	FFS

	
	3D mobility
	FFS

	
	3D distribution
	FFS

	
	Orientation
	FFS

	
	Physical characteristics (e.g., size)
	FFS

	Sensing area
	For TRP-monostatic and TRP-TRP bistatic: 
· All indoor deployment area
For TRP-UE and UE monostatic/bistatic
· X meters 3-D distance around a UE

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	FFS



Proposal 12: Use the following average RCS value ranges as a starting point for the following object types: 
	Object type
	Average RCS

	Type 1: UAV
	[-15 to 3] dBsm when facing the UAV

	Type 2: Human
	[-10 to 0] dBsm

	Type 3: Vehicle
	[10 to 20] dBsm


· Study how to model, for any given object, RCS dependencies on the incident and the reflection angles to the object’s orientation and on the carrier frequency
· FFS: RCS value ranges for the remaining object types after their dimensions have been clarified
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