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Abstract: This contribution proposes to update the use case of network assisted sensing to avoid UAV collision.
1. Proposal

It is proposed to agree the following changes to 3GPP TR 22.837 0.2.0.

* * * First Change * * * *
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5.12
Network assisted sensing to avoid UAV collision

5.12.1 Description

With the help of current 5G networks, the commercialization of low-altitude UAV has entered a new stage. UAVs can perform surveillance, early warning for many scenarios, and other tasks in low altitude airspace below commercial flights such as delivery. In the logistics industry, UAV delivery is developed very quickly and is estimated to become a nearly 10-billion-euro market. UAV delivery can be widely used in food distribution, retail commodity delivery, postal delivery, provision of medical aids, precision agriculture delivery, industrial delivery, etc. 
While the UAV is applied in so many industries, how to avoid collision and effectively manage the UAV traffic are key challenges. In general, the UAV can provide its moving information and surrounding dynamic environment sensed by its own sensors to UTM (Uncrewed Aerial System Traffic Management), then the UTM controls the flight trajectory of the UAV accordingly. But the sensing range of a single UAV is limited and during a UAV flying, the UAV surrounding environment status will not be detected in time which will cause the UAV deviation or collision.
Using the wide coverage of 5G network, a UE on boarding UAV can be a subscriber of the 5G network and connect with UTM via the 5G network. 
As shown in figure 5.12.1-1, through the communication connection between the 5G base station and the UE on boarding UAV, the UE can provide its positioning information and UE ID to 5G network. The 5G network and UTM can corelate the UE positioning information, UE ID with UAV ID.  Based on it, on one hand, the 5G RAN nodes can work together to send sensing signal toward specific direction, angle, area to track the flight of the UAV.  On the other hand, the UE can collect the reflection signals from its environments and send the sensing measuremant data associated with the UE ID to 5G network via the communication connection.  Some sensing information of the UAV flying environment, e.g. higher building, obstacles and other UAVs nearby, which will impact its safe flying can be collected by UE on barding a UAV and then reported to 5G core network to  be exposed to the UTM. Furthermore, continuous sensing service shall be provided during UAV flight.
The UTM is using different inputs like classic radar, via systems currently used in general aviation like FLARM or ADS-B. In this sense, UTM already combines different sources of location information and could further use 5G sensing as additional source for the specific UAV to avoid it deviating from course and collision. When multiple UAVs appear in the same area, the base station also can sense them at the same time.
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Figure 5.12.1-1 Network assisted collision avoidance for the UAVs
The following service flow gives an example of UAV delivery in retail goods delivery. 

5.12.2
Pre-Conditions

Network Operator ‘MM’ provides a new 5G service named ‘5G Sensing Service’.

The UAV City Express ‘SS’ uses a specific UTM to assist its retail goods UAV delivery.

This UTM uses ‘5G Sensing Service’ provided by 5G network Operator ‘MM’ as additional source of information and navigate the UAVs.

Tom has ordered online daily necessities from a supermarket.  Tom is living in downtown.

Jerry has also ordered online some food from a supermarket. Jerry is living in countryside.

The supermarket prepares the goods in packages and asks City Express ‘SS’ to deliver them to Tom and Jerry.

City Express ‘SS’ dispatches UAV A for Tom, and UAV B for Jerry.

UE A is on board UAV A and UE B is on board UAV B. Both UE A and UE B are subscribed to the 5G network of Operator ‘MM’.

Through the communication connections between the 5G base station and the UE A/ UE B, the UE provides its positioning information and UE ID. The 5G network and UTM corelate the UE positioning information, UE ID with associated UAV ID. 

5.12.3
Service Flows

The UAV A and UAV B are flying to their destinations under the guidance of UTM with the assistance of the ‘5G Sensing Service’ provided by network Operator ‘MM’. 

Considering that UAV A will fly to downtown, the UTM asks network Operator ‘MM’’s ‘5G Sensing Service’ to provide sensing service for UAV A, and the required sensing result includes the flying environment along its trajectory, e.g. altitude of the buildings, obstacles and other UAVs nearby.  

Considering UAV B will fly to the countryside, the UTM asks network Operator ‘MM’’s ‘5G Sensing Service’ to provide sensing service for UAV B, and the required sensing result includes the flying environment along its trajectory e.g. obstacles, and other UAVs nearby.  

The UTM requests the report period about UAV A and UAV B. 
Each base station continuously sends sensing signaling along the UAV A’s trajectory, and the UE A on board of the UAV A can send the sensing measurement data which it collects for its surrounding environment back to the base station using the 5G communication connection. Then, the 5G network can obtain a comprehensive UAV A’s flying environment sensing result e.g. building position, altitude, other nearby moving objects e.g. other UAV’s relative position, altitude, degree of moving angle, moving speed etc. to UTM. 

Same sensing operation is also for UAV B. 

The 5G network reports the sensing result periodically according to UTM’s request. 

The UTM adjusts and guides the UAV flying trajectories considering the received sensing result and input from other sources (e.g. FLARM, ADS-B).

Considering UAV A is flying toward downtown, both the flying environment (e.g. many buildings) and wireless environment are complex compared with UAV B and its environment in countryside, the 5G network need to configure different sensing operation for UAV A and UAV B to guarantee required sensing service quality, for example to operate sensing with shorter period, sensing KPI, and report sensing result with higher refresh rate for UAV A. 

5.12.4
Post-Conditions
The UAV A successfully delivers package to Tom and UAV B successfully delivers package to Jerry and return safely.
5.12.5
Existing features partly or fully covering the use case functionality
None.

5.12.6
Potential New Requirements needed to support the use case

Editor's Note: It is FFS if to use target or UAV in these requirements.

[PR 5.12.6 -1] The 5G system shall be able to provide a sensing service to track one specific target object and the environment(e.g. shape, size, speed, location, distances or relative motion between objects, etc.) around the target object with the assistant information provided by the UE on board the specific target object or authorized 3rd party.

NOTE 1: 
The assistant information for example can be UE position, UE ID. 
[PR 5.12.6 -2] The base stations shall be able to sense multiple specific target objects and their environments(e.g. shape, size, speed, location, distances or relative motion between objects, etc.)  at the same time.


 [PR 5.12.6 -3] The 5G system shall be able to provide a mechanism controllable by the operator, according to a business agreement, for a trusted 3rd party to request the sensing service related with a certain target object or multiple target objects of a certain location area.

[PR 5.12.6 -4] Based on operator policy, the 5G system shall be able to provide a mechanism for a trusted 3rd party to request per location area different sensing services configuration (e.g. sensing KPI, report refresh rate etc.).

[PR 5.12.6 -5] The 5G system shall be able to report sensing result of the environment around a specific target object to a trusted 3rd party.

NOTE 2: 
The sensing result of the environment for example can be its position, the size of obstacles around, and other moving objects nearby.

Editor's Note: This environment in this requirement is FFS.

[PR 5.12.6 -6] The 5G system shall be able to provide a mechanism to ensure continuous sensing service.
[PR 5.12.6 -7] The 5G system shall be able to provide sensing service with follow KPIs.
Table 5.12.6-1
Performance requirements of sensing results for integrated sensing and communication scenarios

	Scenario
	Sensing service area (note 1)
	Confidence level [%]

(note 2)
	Positioning accuracy by sensing (for a target confidence level, note 3)
	Velocity estimation accuracy by sensing (for a target confidence level, note 4)
	Sensing resolution

(note 5)
	Max sensing service latency

[ms]

(note 6)
	Refreshing rate

[s]

(note 7)
	FFS:

Missed detection

[%]


	FFS:
False alarm

[%]
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[m]
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	Vertical
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	Network assisted sensing to avoid UAV collision
	Outdoor, sensing range of  500m -1000m
(Note 8)
	99%
	1m

	N/A
	1
(Note 8)
	N/A
	<1
(Note 8)
	1m/s
	500
	0.5
	N/A
	N/A

	
	
	
	
	
	
	
	
	
	
	
	
	

	NOTE 1:
Coverage, environment of use and velocity of a target object

NOTE 2:
Percentage of the sensing results fulfilling a given performance requirement over all the sensing results

NOTE 3:
For a target sensing object, absolute value of the deviation of the measured position from the true position

NOTE 4:
For a target sensing object, absolute value of the deviation of the measured velocity from the true velocity

NOTE 5:
The range resolution denotes the minimum difference in distance between target objects to have measurably different range, which is equivalent to delay resolution. The velocity resolution denotes the minimum difference in velocity between target objects to have measurably different velocity, which is equivalent to doppler resolution.

NOTE 6:
Time elapsed between the event that triggers the determination of the sensing result and the availability of the sensing result at the system interface

NOTE 7:
Time interval between successive sensing results reporting to the sensing application server
NOTE 8: 
the KPI values are sourced from [25] and [39]



I think it’s better to use “target” in the use cases. “Target” describes a general case.


For example, this requirements also can be used in vehicles which UEs are boarding on.





