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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN #102 meeting, a study item on channel modelling for Integrated Sensing And Communication (ISAC) is endorsed in the SID [1]:
	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 bi-static, TRP mono-static, TRP-UE bi-static, UE-TRP bi-static, UE-UE bi-static, UE mono-static). 
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.)



In this contribution, the deployment scenarios for the use cases with the sensing modes will be discussed. In addition, some preliminary link budget analysis on the TRP based sensing as an example is provided for the demonstration of feasibility of detecting the sensing targets.
Deployment scenarios for ISAC
As stated in SID [1], the channel modelling should focus on the object detection and/or tracking and consider all six sensing modes. The exemplary objects for detection and tracking listed in the SID include unmanned aerial vehicle (UAV), human, vehicle and etc, which distribute either outdoor or indoor. 
As in section 7.2 in TR 38.901 [2], the detailed scenario description is tabulated in four tables for UMi, UMa, Indoor-Office, RMa, and Indoor Factory (InF) for communication with BS as the transmitter/receiver and UT as the receiver/transmitter, and such scenario description can also be used for channel model calibration as stated in the TR. 
As for sensing, considering BS and UT may still be involved as either the sensing transmitter or receiver, for TRP-UE or UE-TRP bi-static sensing modes, the new tables for scenarios can be based on the current tables in section 7.2 of TR 38.901 with expansion of adding rows for sensing target or even environment target if needed. Then for instance for TRP-TRP bi-static and TRP mono-static, in principle the tables can also be applied except the parameters for UT related.
Taking UAV and vehicles as an example, Table 1 can be a starting point for discussing the outdoor scenarios, which tabulates the cell layout, BS deployment, UT deployment (when UE is involved for sensing), sensing target deployment, and environment deployment (when needed to be deterministic). Furthermore, TR 37.885 for study on V2X and the channel model from METIS can also be referred for relevant parameters for sensing vehicle, e.g., cell layout, BS and the sensing target deployment, and environment target dropping. Likewise, for such parameters, TR 36.777 study on UAV can also be referred for sensing UAV. 
With this table as a starting point, the parameters can be provided for the interested cases and sensing modes. 



Outdoor scenario 
[bookmark: _Ref157586642]Table 1 Evaluation parameters for outdoor scenarios use case
	Parameters
	Vehicle
	UAV

	Cell layout
	[For use case like smart transportation in dense urban, a geometry map should be introduced, e.g. the lane width, building grid size, vehicle deployment, etc. Figure A-1 in TR 37.885 as a reference for the vehicle drop in urban case [3]. The METIS [5] section 4.2.1 as a reference for geometry map]
	[For use case like UAV detection in UMi/UMa/RMa, the Hexagonal grid layout can be reused. The TR 36.777 as a reference [4]]

	BS antenna height
	[METIS section 4.2.1 [5] as a reference]
	[TR 36.777 as a reference [4]]

	UT location
	Outdoor/indoor
	[ FFS]
	/

	
	LOS/NLOS
	[ FFS]
	/

	
	
Height 
	[ FFS]
	/

	Indoor UT ratio
	[ FFS]
	/

	UT Mobility (horizontal plane only)
	[ FFS]
	/

	UT Distribution (horizontal)
	[ FFS]
	/

	Min. BS - UT distance (2D)
	[ FFS]
	/

	Min. BS – Sensing target distance (2D)
	[ FFS]
	[reuse the value from TR 38.901 with UT replaced by the sensing target, or 10ms as in TR 36.777]

	Min. BS – Environment target distance (2D)
	[ FFS]
	/

	Min. UT – Sensing target distance (2D)
	[ FFS]
	/

	Min. UT – Environment target distance (2D)
	[ FFS]
	/

	Min. Sensing target – Environment target distance (2D)
	[ FFS]
	/

	Sensing target
	Distribution-density
	[the deployment for vehicle in TR 37.885 can be a starting point]
	[the deployment for UAV in TR 36.777 can be a starting point, e.g., uniformly distributed above BS height and up to 100m]

	
	Distribution-potential areas
	
	

	
	mobility
	[ FFS ]
	[30km/h, 60km/h]

	
	LOS/NLOS
	[ FFS ]
	LOS

	
	Size (Length, width, height)
	[ FFS]
	[single scattering point]

	Environment target 
	Distribution
	[The map of Figure A-1 in TR 37.885 and METIS section 4.2.1 can be a starting point with necessary modification.]
	/

	
	LOS/NLOS
	[ FFS]
	/

	
	Size (Length, width, height)
	[ FFS]
	/



Proposal 1: Take Table 1 as a starting point for discussing scenarios for different use cases and sensing modes. 
· The table is dimensioned to cover both mono-static and bi-static sensing modes in general. 
· E.g., for TRP mono-static, the UT related parameters within the table are not applied.  

Link budget analysis
In different ISAC deployment scenarios, there are six sensing modes including TRP-TRP bi-static, TRP mono-static, TRP-UE bi-static, UE-TRP bi-static, UE-UE bi-static and UE mono-static. For the detection and tracking sensing use cases, Link budget analysis is a simple way but can effectively identify the sensing capabilities of these different modes as preliminary demonstration of feasibility of sensing. 
Different from the communication link, a bidirectional sensing link is included for sensing. Therefore, the most convenient way is to reuse partial link budget template of communication with some modifications for sensing. For example, a basic link budget analysis template can be as in Table 2, 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 2 Link budget analysis template with exemplary TRP based sensing for UAV
	System configuration

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

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

	(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) Number of resource blocks
	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 [6] 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 performance.
Observation: Based on link budget analysis, the TRP-based sensing is feasible for UAV detection and tracking.
Conclusions
In this contribution, we discussed the deployment scenarios for ISAC and link budget analysis template for sensing. The preliminary link budget analysis on the TRP based sensing for UAV is present as well. All the analysis leads to the following observation and proposal:
Proposal 1: Take Table 1 as a starting point for discussing scenarios for different use cases and sensing modes. 
· The table is dimensioned to cover both mono-static and bi-static sensing modes in general. 
· E.g., for TRP mono-static, the UT related parameters within the table are not applied.  
	Parameters
	Vehicle
	UAV

	Cell layout
	[For use case like smart transportation in dense urban, a geometry map should be introduced, e.g. the lane width, building grid size, vehicle deployment, etc. Figure A-1 in TR 37.885 as a reference for the vehicle drop in urban case [3]. The METIS [5] section 4.2.1 as a reference for geometry map]
	[For use case like UAV detection in UMi/UMa/RMa, the Hexagonal grid layout can be reused. The TR 36.777 as a reference [4]]

	BS antenna height
	[METIS section 4.2.1 [5] as a reference]
	[TR 36.777 as a reference [4]]

	UT location
	Outdoor/indoor
	[ FFS]
	/

	
	LOS/NLOS
	[ FFS]
	/

	
	
Height 
	[ FFS]
	/

	Indoor UT ratio
	[ FFS]
	/

	UT Mobility (horizontal plane only)
	[ FFS]
	/

	UT Distribution (horizontal)
	[ FFS]
	/

	Min. BS - UT distance (2D)
	[ FFS]
	/

	Min. BS – Sensing target distance (2D)
	[ FFS]
	[reuse the value from TR 38.901 with UT replaced by the sensing target, or 10ms as in TR 36.777]

	Min. BS – Environment target distance (2D)
	[ FFS]
	/

	Min. UT – Sensing target distance (2D)
	[ FFS]
	/

	Min. UT – Environment target distance (2D)
	[ FFS]
	/

	Min. Sensing target – Environment target distance (2D)
	[ FFS]
	/

	Sensing target
	Distribution-density
	[the deployment for vehicle in TR 37.885 can be a starting point]
	[the deployment for UAV in TR 36.777 can be a starting point, e.g., uniformly distributed above BS height and up to 100m]

	
	Distribution-potential areas
	
	

	
	mobility
	[ FFS ]
	[30km/h, 60km/h]

	
	LOS/NLOS
	[ FFS ]
	LOS

	
	Size (Length, width, height)
	[ FFS]
	[single scattering point]

	Environment target 
	Distribution
	[The map of Figure A-1 in TR 37.885 and METIS section 4.2.1 can be a starting point with necessary modification.]
	/

	
	LOS/NLOS
	[ FFS]
	/

	
	Size (Length, width, height)
	[ FFS]
	/




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