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In RAN1#116 meeting, an agreement on channel modelling for Integrated Sensing And Communication (ISAC) is endorsed in [1]:
	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






Following up the agreements, this contribution provides more details regarding the deployment scenarios for the use cases with the sensing modes. 
Deployment scenarios for UAVs
Taking RMa-AV, UMa-AV, UMi-AV from TR 36.777 as the starting point, this section intends to list all the parameters in details concisely that are necessary at least for channel modelling calibration. 
The three scenarios (RMa-AV, UMa-AV, UMi-AV) presents in TR 36.777 are provided for evaluating communication performance, for which the UT includes terrestrial UEs (further consists of indoor and outdoor) and aerial UEs (UAVs). For the purpose of calibrating the ISAC channel modelling for sensing UAV case, the scenario discussion herein does not need to consider such UEs. Instead, only consider sensing transmitter and receivers as TRPs, i.e., TRP monostatic or TRP-TRP bistatic sensing modes. In other words, the scenario discussion for sensing UAV does not affect or change the evalutions for communication as listed in TR 36.777. 
In addition, the network topology adopts the traditional hexagonal cellular topology, i.e., taking only one and the most typical topology of options from TR 36.777. The UAVs as the sensing targets are distributed in the low-altitude area outdoor and we assume the LOS condition always exists with the height of UAV adjusted accordingly according to the Table B-1 as in TR 36.777. 
Furthermore, the UAV sensing result includes the speed, position, trajectory, etc. The UAV mobility is set to be uniformly distributed between 3 and 160 km/h, for instance, which is not exactly the same as the speed assumptions of aerial UEs (UAVs) in TR 36.777 since communication evaluation metric does not consider speed estimation at all. 
Table 1 summarizes all the primary parameters for the UAV deployment scenario. The modifications to some parameters from TR 36.777 are highlighted in red.

[bookmark: _Ref157586642][bookmark: _Hlk162973272]Table 1 Evaluation parameters for UMi-AV, UMa-AV, and RMa-AV scenarios
	Parameters
	UMi-AV
	UMa-AV
	RMa-AV

	Cell layout
	Hexagonal grid, 19 micro sites, 3 sectors per site (ISD = 200m)
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m)
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 1732m)

	BS antenna height
(i.e., sensing transmitter or receiver) 
	10m
	25 m 
	35 m

	Sensing target (i.e., UAVs)
	Outdoor/indoor
	Outdoor
	Outdoor
	Outdoor

	
	LOS/NLOS
	LOS
	LOS
	LOS

	
	Distribution (horizontal plane only)
	Uniform
	Uniform
	Uniform

	
	Density
	Up to 5 targets per sector
	Up to 5 targets per sector
	5 targets per sector

	
	Mobility (horizontal plane only) 
	Uniformly distributed between 3 and 160 km/h 
	Uniformly distributed between 3 and 160 km/h 
	Uniformly distributed between 3 and 160 km/h 

	
	Height
	Uniformly distributed between 22.5 and 300 m 
	Uniformly distributed between 100 and 300 m
	Uniformly distributed between 40 and 300 m

	
Min 3D distance
	BS- sensing target (UAV)
	10m is usually required for each scenario. Given the minimum UAV height is derived based on 100% LOS probability per the equations from TR 36.777, the minimum 3D distance of 10m is always met in such cases.



Proposal 1: Agree on the evaluation parameters for UMi-AV, UMa-AV, and RMa-AV scenarios as in Table 1. 

Deployment scenarios for Automotive vehicles (outdoor)
1.1. Highway
The V2X study report in TR 37.885 [2] provides road configuration for urban grid and highway for communication evaluations, which includes the BS and UE-type RSU deployment. For the purpose of calibrating the ISAC channel modelling for sensing, we prefer to focus on BS only at this stage, i.e., TRP monostatic or TRP-TRP bistatic sensing modes, considering the large antenna pattern and processing capability of BS is beneficial for sensing performance. 
The layout reuses the baseline assumption present in TR 37.885 with straight line BS placement of ISD 1732m as shown in Figure 1.
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[bookmark: _Ref162193238]Figure 1 Wrap around model (baseline) for highway case
In addition, TR 37.885 defines three vehicle types with the differences in terms of size and/or antenna height. The vehicle dropping can also be set with different speed. With the interest of estimating velocity in sensing, all three vehicle types are considered with different speed in different lanes, i.e., vehicle dropping option B as in section 6.1.2 TR 37.885. The density and the distribution of vehicles are also accordingly calculated. 
Table 2 summarizes all the primary parameters for vehicles in highway scenario, which are excerpted from TR 37.885.
[bookmark: _Ref162604210]Table 2 Evaluation parameters for vehicles in highway scenario
	Parameters
	highway

	Cell layout
	Macro only (straight line BS placement with Road configuration in TR37.885.
ISD: 1732m

	BS antenna height
(i.e., sensing transmitter or receiver)
	35m for ISD 1732m

	Sensing target
(i.e., Vehicles)
	Outdoor/indoor
	Outdoor

	
	LOS/NLOS
	LOS

	
	Distribution 
	Vehicle type distribution: [20]% vehicle type 1, [60]% vehicle type 2, [20]% vehicle type 3

	
	Density
	The distance between the rear bumper of a vehicle and the front bumper of the following vehicle in the same lane is max {2 meter, an exponential random variable with the average of the speed * 2 sec}

	
	Mobility
	Vehicle speed in each lane is as follows:
-	Speed in Lane 1: 80km/h
-	Speed in Lane 2: 100km/h 
-	Speed in Lane 3: 140km/h 
-	Speed in Lane 4: 40km/h 
-	Speed in Lane 5: 30km/h 
-	Speed in Lane 6: 20km/h
-	All the vehicles in the same lane have the same speed.

	
	Size (Length, width, height)
	Three vehicle types are defined as follows:
· Type 1 (passenger vehicle with lower antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 0.75 meters
· Type 2 (passenger vehicle with higher antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 1.6 meters
· Type 3 (truck/bus): length 13 meters, width 2.6 meters, height 3 meters, antenna height 3 meters

	Min 2D distance
	BS-target
	35 m



Proposal 2: Agree on the evaluation parameters for highway scenario as in Table 2. 

1.2. [bookmark: OLE_LINK22]urban grid
For vehicles in urban grid scenarios, TR 37.885 defines a grid for V2X communication study. The METIS channel modelling report [3] also defines a grid and the grid is of diversity and 3D consisting of different grid sizes, empty square, and heights of blocks. 
For simplicity, the grid defined in TR 37.885 can be referred but added the height assumption for the green block simulating the buildings as shown in Figure 2. Wherein there are 9 buildings (the green blocks in the figure) with four lanes in between. The lane width is 3.5m. In order to model the environment object properly [4], the buildings can be extended to a 3D size of 413m x 230m x 20m. With the 3D building dropped, the base station is then dropped at each corner of the intersection to simulate the practical site at urban scenario.
[image: ]
[bookmark: _Ref162189261]Figure 2 The layout for vehicle in urban grid scenario.
For sensing vehicles in the urban grid, with pedestrian UEs around, we take TRP-UE bistatic as an example in this scenario, with TRP monostatic or TRP-TRP bistatic sensing of interest as well. Regarding the TRP-UE bistatic sensing mode, different from the UAV and vehicle in highway scenarios with TRP monostatic or TRP-TPR bistatic modes, UT dropping is essential component for ISAC evaluation with UT (outdoor only) is as sensing transmitter or receiver, i.e., UT location, mobility, UT antenna height, etc. 
Sensing targets (i.e., vehicles) dropping as in highway scenario could be reused. Environment objects (i.e., the buildings in green blocks) are dropped with height and the same length and width as in TR 37.885. The minimum 3D distances between BS-UT, BS-target, BS-object, target-UT, target-object, and UT-object are given accordingly. All the primary parameters for vehicles in urban scenario are summarized in Table 3. The modifications of existing parameters or additions to TR 37.885 are highlighted in red.
[bookmark: _Ref162191286]Table 3 Evaluation parameters for vehicles in urban grid scenario
	Parameters
	Urban grid

	Cell layout
	Road configuration in Figure A-1 in TR 37.885 and BS placement at the top right corner of each sidewalk as depicted in Figure 2.
East-West direction / North-South direction: 
Inter-BS distance in East-west direction: 250m
Inter-BS distance in North-south direction:433m

	BS antenna height
	25m, 5m(optional)

	UT location
(i.e., pedestrian UEs as the sensing transmitter/receiver)
	Outdoor/indoor
	Outdoor 

	
	LOS/NLOS between UT and BS
	LOS and NLOS

	
	Height 
	1.5m

	UT Mobility 
	3 km/h 

	UT Distribution 
	Uniform in sidewalk and 10 UTs per cell.

	Sensing target
(Vehicles)
	Outdoor/indoor
	outdoor

	
	LOS/NLOS
	LOS and NLOS

	
	Distribution
	Vehicle type distribution: [20]% vehicle type 1, [60]% vehicle type 2, [20]% vehicles type 3

	
	Density
	The distance between the rear bumper of a vehicle and the front bumper of the following vehicle in the same lane is max {2 meter, an exponential random variable with the average of the speed * 2 sec}

	
	Max mobility
	Vehicle speed in each lane is as follows:
In the East-West direction:
-	Speed in Lane 1: 60km/h
-	Speed in Lane 2: 50km/h 
-	Speed in Lane 3: 25km/h 
-	Speed in Lane 4: 15km/h
In the North-South direction:
-	0 km/h in all the lanes.

	
	Size (Length, width, height)
	Three vehicle types are defined as follows:
· Type 1 (passenger vehicle with lower antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 0.75 meters
· Type 2 (passenger vehicle with higher antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 1.6 meters
· Type 3 (truck/bus): length 13 meters, width 2.6 meters, height 3 meters, antenna height 3 meters

	Environment object
	Distribution
	Green block configuration in Figure A-1 in [TR 37.885]

	
	Size (Length, width, height)
	413m x 230m x 20m

	
Min 3D distance
	BS - UT
	25m

	
	BS- target
	25m

	
	BS- object 
	3m

	
	target-UT 
	0.5m

	
	target-object 
	3m

	
	UT-object
	0.5m



Proposal 3: Agree on the evaluation parameters for urban grid scenario as in Table 3. 
Link budget analysis
For the detection and tracking sensing use cases, link budget analysis can initially identify the sensing capabilities of these different sensing modes as preliminary demonstration of sensing feasibility. 
A bidirectional sensing link is additionally considered for sensing, on the basis of the communication links in ISAC scenario. We proposed the sensing link budget template could be constructed as the modifications of the communication link budget template of TR 37.910. For example, a sensing link budget analysis template can be as in Table 4, in which the values for each component for TRP mono-static and TRP-TRP bi-static sensing modes are also listed for UAV as an example. 
[bookmark: _Ref157701670]Table 4 Link budget analysis template with exemplary TRP based sensing for UAV (e.g., UMa-AV)
	System configuration

	Sensing modes
	TRP mono-static & TRP-TRP bi-static

	(1) Scenarios and Carrier frequency (GHz)
	4.9Ghz
	26 GHz

	(2) Distance from sensing transmitter to sensing target (m)
	330m
	330m

	(2a) Pathloss from sensing transmitter to sensing target (Uma LOS pathloss equation in TR38.901)
= 28 + 22 log( (2) ) + 20 log( (1) ) dB
	97.2dB
	111.71dB

	(3) Distance from sensing target to sensing receiver (m)
	330m
	330m

	(3a) Pathloss from sensing target to sensing receiver (Uma LOS pathloss equation in TR38.901)
= 28 + 22 log( (3) ) + 20 log( (1) ) dB
	97.2dB
	111.71dB

	(4) Additional coefficient related to pathloss model
= 10 log( ( 4*pi ) /(0.3/(1))^2 ) dB
	35.25dB
	49.75dB

	Transmitter
	

	(5) Total transmit power (dBm)
	53dBm
	28dBm

	(6) Total antenna gain (dB)
	 24dB  
	32dB

	(7) System bandwidth for downlink, or occupied bandwidth for uplink (Hz)
	100M   
	400M

	(7a) Resource block numbers
	273
	264

	(7b) Comb number
	Comb-2

	(8) Number of symbols in the coherent processing interval
	40
	160

	(9) Subcarrier Spacing (Hz)
	 30KHz  
	120kHz

	Sensing target
	

	(10) Radar cross section (dBsm)
	-20dBsm

	Receiver
	

	(11) Total antenna gain (dB)
	 24dB 
	32dB

	(12) Receiver noise figure (dB)
	5dB
	7dB

	(13) Thermal noise density (dBm/Hz)
	-174
	-174

	(14) Total noise
= (13) + 10 log ( (7) )) (dBm)
	-94dBm
	-87.98dBm

	(15) Sensing processing gain (dB)
= 10 log( (7a)*12 / (7b) ) + 10 log( (8) )
	48.1dB
	54.04dB

	Detected SNR calculation of sensing target
	

	(16) SNR = (5) + (6) – (2a) – (3a) + (4) + (10) + (11) –(12)- (14) + (15)
	58.9dB
	33.35dB



The sensing processing gain in (15) is usually obtained by processing REs per symbol and multiple symbols with a DFT and IDFT, which is calculated by accumulating RB numbers and symbols in this table. The detected SNR is calculated in the ideal environment without any clutter effect. 
Usually, the SNR threshold for target detection is 15dB, which can be derived from [5] based on constant false alarm rate (CFAR) detection approach. It can be seen from the link budget analysis that the TRP-based sensing modes including both mono-static and bi-static can provide necessary coverage to support the required UAV sensing performance.
Observation: Based on link budget analysis, the TRP-based sensing is feasible for UAV detection and tracking.

Conclusions
In this contribution, to follow up the agreements in the last meeting, we detailed the deployment and scenario for discussions. The observation and proposals are given as follows:
Proposal 1: Agree on the evaluation parameters for UMi-AV, UMa-AV, and RMa-AV scenarios as in Table 1. 
Table 1 Evaluation parameters for UMi-AV, UMa-AV, and RMa-AV scenarios
	Parameters
	UMi-AV
	UMa-AV
	RMa-AV

	Cell layout
	Hexagonal grid, 19 micro sites, 3 sectors per site (ISD = 200m)
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m)
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 1732m)

	BS antenna height
(i.e., sensing transmitter or receiver) 
	10m
	25 m 
	35 m

	Sensing target (i.e., UAVs)
	Outdoor/indoor
	Outdoor
	Outdoor
	Outdoor

	
	LOS/NLOS
	LOS
	LOS
	LOS

	
	Distribution (horizontal plane only)
	Uniform
	Uniform
	Uniform

	
	Density
	Up to 5 targets per sector
	Up to 5 targets per sector
	5 targets per sector

	
	Mobility (horizontal plane only) 
	Uniformly distributed between 3 and 160 km/h 
	Uniformly distributed between 3 and 160 km/h 
	Uniformly distributed between 3 and 160 km/h 

	
	Height
	Uniformly distributed between 22.5 and 300 m 
	Uniformly distributed between 100 and 300 m
	Uniformly distributed between 40 and 300 m

	
Min 3D distance
	BS- sensing target (UAV)
	10m is usually required for each scenario. Given the minimum UAV height is derived based on 100% LOS probability per the equations from TR 36.777, the minimum 3D distance of 10m is always met in such cases.



Proposal 2: Agree on the evaluation parameters for highway scenario as in Table 2. 
Table 2 Evaluation parameters for vehicles in highway scenario
	Parameters
	highway

	Cell layout
	Macro only (straight line BS placement with Road configuration in TR37.885.
ISD: 1732m

	BS antenna height
(i.e., sensing transmitter or receiver)
	35m for ISD 1732m

	Sensing target
(i.e., Vehicles)
	Outdoor/indoor
	Outdoor

	
	LOS/NLOS
	LOS

	
	Distribution 
	Vehicle type distribution: [20]% vehicle type 1, [60]% vehicle type 2, [20]% vehicle type 3

	
	Density
	The distance between the rear bumper of a vehicle and the front bumper of the following vehicle in the same lane is max {2 meter, an exponential random variable with the average of the speed * 2 sec}

	
	Mobility
	Vehicle speed in each lane is as follows:
-	Speed in Lane 1: 80km/h
-	Speed in Lane 2: 100km/h 
-	Speed in Lane 3: 140km/h 
-	Speed in Lane 4: 40km/h 
-	Speed in Lane 5: 30km/h 
-	Speed in Lane 6: 20km/h
-	All the vehicles in the same lane have the same speed.

	
	Size (Length, width, height)
	Three vehicle types are defined as follows:
· Type 1 (passenger vehicle with lower antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 0.75 meters
· Type 2 (passenger vehicle with higher antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 1.6 meters
· Type 3 (truck/bus): length 13 meters, width 2.6 meters, height 3 meters, antenna height 3 meters

	Min 2D distance
	BS-target
	35 m



Proposal 3: Agree on the evaluation parameters for urban grid scenario as in Table 3. 
Table 3 Evaluation parameters for vehicles in urban grid scenario
	Parameters
	Urban grid

	Cell layout
	Road configuration in Figure A-1 in TR 37.885 and BS placement at the top right corner of each sidewalk as depicted in Figure 2.
East-West direction / North-South direction: 
Inter-BS distance in East-west direction: 250m
Inter-BS distance in North-south direction:433m

	BS antenna height
	25m, 5m(optional)

	UT location
(i.e., pedestrian UEs as sensing transmitter/receiver)
	Outdoor/indoor
	Outdoor 

	
	LOS/NLOS between UT and BS
	LOS and NLOS

	
	Height 
	1.5m

	UT Mobility 
	3 km/h 

	UT Distribution 
	Uniform in sidewalk and 10 UTs per cell.

	Sensing target
(Vehicles)
	Outdoor/indoor
	outdoor

	
	LOS/NLOS
	LOS and NLOS

	
	Distribution
	Vehicle type distribution: [20]% vehicle type 1, [60]% vehicle type 2, [20]% vehicles type 3

	
	Density
	The distance between the rear bumper of a vehicle and the front bumper of the following vehicle in the same lane is max {2 meter, an exponential random variable with the average of the speed * 2 sec}

	
	Max mobility
	Vehicle speed in each lane is as follows:
In the East-West direction:
-	Speed in Lane 1: 60km/h
-	Speed in Lane 2: 50km/h 
-	Speed in Lane 3: 25km/h 
-	Speed in Lane 4: 15km/h
In the North-South direction:
-	0 km/h in all the lanes.

	
	Size (Length, width, height)
	Three vehicle types are defined as follows:
· Type 1 (passenger vehicle with lower antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 0.75 meters
· Type 2 (passenger vehicle with higher antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 1.6 meters
· Type 3 (truck/bus): length 13 meters, width 2.6 meters, height 3 meters, antenna height 3 meters

	Environment object
	Distribution
	Green block configuration in Figure A-1 in [TR 37.885]

	
	Size (Length, width, height)
	413m x 230m x 20m

	
Min 3D distance
	BS - UT
	25m

	
	BS- target
	25m

	
	BS- object 
	3m

	
	target-UT 
	0.5m

	
	target-object 
	3m

	
	UT-object
	0.5m



Observation: Based on link budget analysis, the TRP-based sensing is feasible for UAV detection and tracking.
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