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In RAN#102 meeting, the following SID [1] on channel modelling for Integrated Sensing And Communication (ISAC) was agreed:
	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.


In this contribution, we provide our views on details of the deployment scenarios corresponding to NR wireless sensing use cases.
Discussion
As an important potential key technology of 5G-Advanced, integrated sensing and communication (ISAC) has drawn extensive attention. It can provide sensing function in the current 5G communication system. To reduce costs, power consumption, and optimize resource utilization compared to two independent systems, a unified design of communication and sensing functions through signal joint design and/or hardware sharing is important. In other words, the 5G communication system transmits wireless signals to target areas or objects, and analyzes the received reflected or scattering wireless signals to obtain corresponding sensing measurement data, and further provides sensing services to third-party applications. 
The feasibility study report for ISAC in SA1 contains 32 use cases and the corresponding requirements. Among the above use cases, it is agreed that Rel-19 study in RAN side focuses only on the use cases regarding object detection and/or tracking. 

2.1 UAV
With the continuous expansion of the UAV market, more and more civilian UAVs have entered our lives. In the future cities, a large number of UAVs will be used in industrial inspections, security patrols, transportation, and logistics transportation and other scenarios. As shown in Figure 2.1-1, UAV illegal flying in restricted area including light rail, airports, government facilities, research institutes, high-speed railway stations, etc. This kind of sensing for intrusion detection doesn’t require the cooperation of the UAV. That means the UAV may be unaware of the sensing operation. When multiple UAVs appear in the same restricted area, the 5G system can sense presence or proximity of multiple illegal UAVs flying. In addition, UAV collision avoidance and flight trajectory tracing may also be needed for these use cases.  
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Figure 2.1-1: Sensing for UAV intrusion detection
· Sensing mode: we think gNB based sensing modes including gNB mono-static and gNB bi-static are more suitable for intrusion detection use case because more antennas are needed for high angle accuracy estimation and high transmission power for large coverage. 
· Deployment scenario of UAV: we think RMa scenarios should be the first priority deployment scenario considering the needs of long-distance sensing, UMa can be listed as the second-priority deployment scenario. The simulation assumption specified in TR 36.777 [4] can be a starting point. 
Based on the above analysis, we support the following proposal:
Proposal 1: For UAV use cases, RMa scenarios with large ISD should be prioritized as shown in the following table:
	Sensing target
	Deployment scenario
	Sensing mode
	Use case 

	UAV
	RMa (1st priority)
UMa (2nd priority)
	TRP-TRP bi-static
TRP mono-static

	UAV intrusion detection (5.13)



2.2 Human indoors and outdoors
For human detection or tracking, one of the typical use cases is intruder detection. For example, sensing can be used to guarantee factory or home security and save cost by intruder detection in the factory/home or in surrounding of the factory/home. The intrusion of human could be detected by analyzing and collecting the sensing measurements like Doppler frequency shift, power change, propagation delay change or phase change.
· Sensing mode: due to the limited coverage of UE, our preferred sensing modes for this use case include: TRP-TRP bistatic, TRP monostatic, TRP-UE bistatic, UE-TRP bistatic
· Deployment scenario
· Human indoor: indoor factory scenarios defined in TR 38.901[5] can be reuse. Basically, we prefer to support limited deployment scenarios for all sensing targets, indoor factory scenario can be used for both human indoor use case and AGV use case. Indoor office scenario should be the second priority.
· Human outdoor: UMa can be used as deployment scenario, the evaluation scenarios can refer to UMa scenario parameters captured in TR 38.857.
Based on the above analysis, we support the following proposal:
Proposal 2: For use cases for human indoors and outdoors, we support the following deployment scenario:
	Sensing target
	Deployment scenario
	Sensing mode
	Use case 

	Human indoors and outdoors
	Indoor factory
UMa for outdoor

	TRP-TRP bistatic
TRP monostatic
TRP-UE bistatic
UE-TRP bistatic
	1. Intruder detection
2. Intruder detection in surroundings



2.3 Automotive vehicles
Automotive vehicle is one of the ISAC use cases for smart transportation. With the trend of digitization and intelligence in the transportation field, the 5G system is expected to provide real-time data communication for massive traffic terminals, and at the same time efficiently sense the real-time status of roads, vehicles, and people to enable the transportation system to have the capabilities of sensing, interconnection, analysis, prediction and control in a larger space-time range.
· Sensing mode: gNBs and UEs (e.g., RSU) can play an important role in sensing automotive vehicles. From our side, all 6 sensing modes can be supported: TRP-TRP bistatic, TRP monostatic, TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic, UE monostatic.
· Deployment scenario: following the guidance of SID, at least outdoor scenario should be supported for automotive vehicles. As we have limited time budget for the agenda of ISAC, we propose to only focus outdoor use case. For the detailed deployment scenario, we think Highway scenario should be at least included considering the strong need of public safety, high probability of LOS channel conditions and the feasibility of wireless sensing.
Based on the above analysis, we support the following proposal:
Proposal 3: For use case of automotive vehicles, only outdoor should be supported, the deployment scenario is shown as follows:
	Sensing target
	Deployment scenario
	Sensing mode
	Use case 

	Automotive vehicles
	HighWay
	TRP-TRP bistatic
TRP monostatic
TRP-UE bistatic
UE-TRP bistatic
UE-UE bistatic
UE monostatic
	1. Accurate sensing for automotive maneuvering and navigation service (5.26)
2. Use case on Vehicles Sensing for ADAS (5.28)
3. Use case on sensing for automotive maneuvering and navigation service when not served by RAN (5.30)



2.4 Automated guided vehicles
The use of wireless sensing on AGV detection and tracking in factories is promising. As reflected in TS 22.837, Improving safety and work conditions in factories and industrial environments is a critical component for industry 4.0. Moreover, AGVs are key components of the new smart factories, used for a variety of tasks such as heavy or hazardous materials transportation and distribution. 
· Sensing mode: gNBs and UEs can be used to measure sensing RS for the detection or tracking of AGV. From our side, all 6 sensing modes can be supported: TRP-TRP bistatic, TRP monostatic, TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic, UE monostatic.
· Deployment scenario: indoor factory scenarios defined in TR 38.901[5] can be reuse.
Based on the above analysis, we support the following proposal:
Proposal 4: For use case of automated guided vehicles, we support the following deployment scenario:
	Sensing target
	Deployment scenario
	Sensing mode
	Use case 

	Automated guided vehicles
	Indoor factory
	TRP-TRP bistatic
TRP monostatic
TRP-UE bistatic
UE-TRP bistatic
UE-UE bistatic
UE monostatic
	AGV detection and tracking in factories (5.9)



2.5 Objects creating hazards on roads/railways
With the trend of digitization and intelligence in the transportation field, the 5G system is expected to provide real-time data communication for massive traffic terminals, and at the same time efficiently sense the real-time status of roads, vehicles, and people to enable the transportation system to have the capabilities of sensing, interconnection, analysis, prediction and control in a larger space-time range.
For objects creating hazards on roads/railways, the following functions can be supported by ISAC:
· Determine whether an object exists: 
· The sensed objects usually have no connection with the 5G system, or there is no communication capability between the sensed object and the 5G system. Therefore, the 5G system usually does not know whether the sensed object exists. The 5G system shall transmit the sensing signal and receive the reflected wave to determine whether there are one or more objects on roads/railways. The sensed objects that cause hazards may be vehicles, animals or pedestrians. This type of applications usually has high requirements for false detection and missing detection.
· Determine position of the object or track the object: 
· After judging that the object appears in a specific area, the object can be further located via wireless sensing service. Positioning is based on detection, but there are more KPI requirements for positioning accuracy and sensing resolution.
· After determining that the object appears in a specific area, the object can further be tracked. 
[bookmark: OLE_LINK8]For the above use cases, both gNB based sensing measurement and UE based sensing measurement for channel modelling can be considered for study.
For the future performance evaluation, the deployment scenarios can refer to NR positioning such as highway scenario which includes both gNB and UEs. Specifically, pedestrian or vehicle can be the sensing targets for the simulation. 
Based on the above analysis, we support the following proposal:
Proposal 5: For detecting or tracking objects creating hazards on roads/railways, we support the following deployment scenario:
	Sensing target
	Deployment scenario
	Sensing mode
	Use case 

	[bookmark: OLE_LINK3]Objects creating hazards on roads/railways, e.g. pedestrian/animal
	HighWay
	TRP-TRP bistatic
TRP monostatic
TRP-UE bistatic
UE-TRP bistatic
UE-UE bistatic
UE monostatic
	1. Pedestrian/animal intrusion detection on a highway (5.2)
2. Railway intrusion detection (5.7)
3. Sensing at crossroads with/without obstacle (5.11)




Conclusion
In this contribution, we provide our views on details of the deployment scenarios corresponding to ISAC use cases, and we have the following proposals:
Proposal 1: For UAV use cases, RMa scenarios with large ISD should be prioritized as shown in the following table:
	Sensing target
	Deployment scenario
	Sensing mode
	Use case 

	UAV
	RMa (1st priority)
UMa (2nd priority)
	TRP-TRP bi-static
TRP mono-static

	UAV intrusion detection (5.13)



Proposal 2: For use cases for human indoors and outdoors, we support the following deployment scenario:
	Sensing target
	Deployment scenario
	Sensing mode
	Use case 

	Human indoors and outdoors
	Indoor factory
UMa for outdoor
	TRP-TRP bistatic
TRP monostatic
TRP-UE bistatic
UE-TRP bistatic
	1. Intruder detection
2. Intruder detection in surroundings


Proposal 3: For use case of automotive vehicles, only outdoor should be supported, the deployment scenario is shown as follows:
	Sensing target
	Deployment scenario
	Sensing mode
	Use case 

	Automotive vehicles
	HighWay
	TRP-TRP bistatic
TRP monostatic
TRP-UE bistatic
UE-TRP bistatic
UE-UE bistatic
UE monostatic
	1. Accurate sensing for automotive maneuvering and navigation service (5.26)
2. Use case on Vehicles Sensing for ADAS (5.28)
3. Use case on sensing for automotive maneuvering and navigation service when not served by RAN (5.30)


Proposal 4: For use case of automated guided vehicles, we support the following deployment scenario:
	Sensing target
	Deployment scenario
	Sensing mode
	Use case 

	Automated guided vehicles
	Indoor factory
	TRP-TRP bistatic
TRP monostatic
TRP-UE bistatic
UE-TRP bistatic
UE-UE bistatic
UE monostatic
	AGV detection and tracking in factories (5.9)


Proposal 5: For detecting or tracking objects creating hazards on roads/railways, we support the following deployment scenario:
	Sensing target
	Deployment scenario
	Sensing mode
	Use case 

	Objects creating hazards on roads/railways, e.g. pedestrian/animal
	HighWay
	TRP-TRP bistatic
TRP monostatic
TRP-UE bistatic
UE-TRP bistatic
UE-UE bistatic
UE monostatic
	1. Pedestrian/animal intrusion detection on a highway (5.2)
2. Railway intrusion detection (5.7)
3. Sensing at crossroads with/without obstacle (5.11)
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