[bookmark: _GoBack]3GPP TSG-RAN WG2 Meeting #121-bis   	                                  R2-2303851
E-Meeting, April 17-26, 2023				 					    

Source: 	Xiaomi
Title:  	Discussion on flight path reporting for NR UAV
Agenda Item:	7.8.3 Flight path reporting
Document for:	Discussion and Decision
[bookmark: _Ref165266342]Introduction
A revised on NR support for UAV (Uncrewed Aerial Vehicles) [1] has been approved. In the WID, one objective is to enhance measurement reports, shown as below.
	1. Specify the following enhancements on measurement reports [RAN2]:
· UE-triggered measurement report based on configured height thresholds
· Reporting of height, location and speed in measurement report
· Flight path reporting
· Measurement reporting based on a configured number of cells (i.e. larger than one) fulfilling the triggering criteria simultaneously
Note: Work done in LTE is a starting point for this objective. NR-specific enhancements can be considered, if needed, while overall the LTE and NR solutions should be harmonized as much as possible.


In previous meetings [2-5], the following agreements have been reached for flight path reporting for NR UAV: 
	RAN2#119-e:
3	As in LTE, flight path plan reporting will be introduced.  Location list of waypoints (3D location information) and timestamp is adopted as the basic content of flight path report.  FFS if timestamp is mandatory or optional for NR.  FFS if further enhancements are needed
RAN2#119bis-e:
1.	The time information reported as part of flight path plan is optional. UE includes time info, if configured by the network and available at the UE.  FFS on flight path details (waypoints and what is time information). 
2.	Allow the flight path to be updated.  FFS on the details. 
3.	FFS on reporting format and initial flight path reporting (i.e. what information to report and how) – next meeting 
RAN2#120:
1.	A waypoint is a planned location for the UE along the flight path and is described via the existing parameter type LocationCoordinates defined in TS 37.355.
2.	A timestamp provides the UTC time associated with estimated time of arrival to a waypoint as baseline.  FFS on granularity 
3.	No requirements are placed on spatial distribution of waypoints
4.	A UE indicates whether flight plan information is available within the RRCReconfigurationComplete, RRCReestablishmentComplete, RRCResumeComplete, or RRCSetupComplete message.   Flight path reporting uses at the UE Information request/response procedure as baseline.
5.	UE indicates to the network a new flight path is available in the UE (whether it is initial or update). Then, reuse the normal request/response procedure of flight path report.  
6.	UAI message can also be used to indicate the UE has flight path availability. 
7.	FFS whether and what triggering conditions are specified for flight update.  FFS The maximum number of waypoints within flight path plan is left FFS.
RAN2#121:
1.	The granularity of flightpath timestamp is 1s. 
2.	Timestamp in flightpath is encoded using AbsoluteTimeInfo-r16 IE


In this contribution, we will provide our understandings on the flight path reporting for NR UAV. 
Discussion
1.1 The content of flight path information
The meanings of waypoint and timestamp has reached consensus in previous meetings. However, which waypoints should be included in the flight path information is FFS. Some options have been provided in previous meetings, e.g. the flight path information follows the granularity of the waypoints (i.e. the distance or interval between consecutive waypoints) configured by network and/or provides the information on the destination of the flight. However, it is uncertain whether UE has full flight path information or not e.g. whether the flight path information stored in UE includes the destination of flight and can satisfy the granularity configured by network. And the size and speed of UAV UE may influence over the granularity of waypoint. Hence, whether the requirement of flight path information configured by network can be fulfilled or not depend on the flight path information in UE. It may be difficult to configured appropriate requirements to UE to limit the content of flight path information. And, in LTE UAV, which waypoints are included in flight path information is up to UE implementation. Therefore, no optimization for the content of flight path information needs to be introduced in NR.
Proposal 1: It is up to UE implementation which waypoints are included in flight path information.
[bookmark: _Toc20487468][bookmark: _Toc29342768][bookmark: _Toc29343907][bookmark: _Toc36567173][bookmark: _Toc36810620][bookmark: _Toc36846984][bookmark: _Toc36939637][bookmark: _Toc37082617][bookmark: _Toc46481258][bookmark: _Toc46482492][bookmark: _Toc46483726][bookmark: _Toc124515607]RAN2 also need to clarify the maximum number of waypoints within flight path plan. In LTE, the maximum number of waypoints (i.e. maxWayPointNumber) which UE can transmit up to is configured by network via FlightPathInfoReportConfig. 
–	FlightPathInfoReportConfig [6]
The IE FlightPathInfoReportConfig specifies flight path information report configuration.
FlightPathInfoReportConfig information element
-- ASN1START

FlightPathInfoReportConfig-r15 ::= SEQUENCE {		
	maxWayPointNumber-r15				INTEGER (1..maxWayPoint-r15),
	includeTimeStamp-r15				ENUMERATED {true}					OPTIONAL
}

-- ASN1STOP

	FlightPathInfoReportConfig field descriptions

	maxWayPointNumber
Indicates the maximum number of way points UE can include in the flight path information report if this information is available at the UE. 

	includeTimeStamp
Indicates whether time stamp of each way point can be reported in the flight path information report if time stamp information is available at the UE.



And the maxWayPoint-r15 which is the maximum number of flight path information waypoints defined in RRC is 20 [6].
maxWayPoint-r15				INTEGER ::= 20	-- Maximum number of flight path information waypoints

For NR UAV, to follow LTE should be supported, a maximum number of waypoints defined in RRC (maxWayPoint in LTE) should be 20. And the maximum number of waypoints UE can include in the flight path information report (maxWayPointNumber in LTE) is configured by network via UEInformationRequest message.
Proposal 2：For the maximum number of waypoints of flight path information, NR UAV should follow the LTE principle.
1.2 Flight path reporting
RAN2 has agreed that flight path availability can be reported within the RRCReconfigurationComplete, RRCReestablishmentComplete, RRCResumeComplete, or RRCSetupComplete message and UE can indicate the UE has a new flight path availability (whether it is initial or update). 
In legacy LTE procedure, the initial flight path availability can be reported within above-mentioned RRC complete messages. However, if UE doesn’t have flight path information available upon reception of the corresponding RRC message, UE will not report the indication of flight path availability, i.e. flightPathInfoAvailable, and then if UE has flight path information available after the transmission of RRC complete message, UE will not report flightPathInfoAvailable unless UE receives a new RRC message e.g. RRCReconfiguration, RRCReestablishment, RRCResume, or RRCSetup, which will cause that network cannot obtain flight path information timely. 
In RAN2#120 meeting, RAN2 has agreed that UAI message can be used to indicate the UE has flight path availability. UAI message can be used to report the indication of initial flight path availability. If UE has flight path information available and the UE has not reported the indication in the latest complete message, the UE should report the initial flight path available indication via UAI if configured.
Proposal 3：UAI message can be used to report the indication of initial flight path availability. If UE has flight path information available and the UE has not reported the indication in the latest complete message, the UE should report the initial flight path available indication via UAI if configured.
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Proposal 4: UAI information can be used for flight update. If UE has flight path information available and the flight path information in the UE is changed compared to last time the UE reported this information, the UE should report the flight path update indication via UAI if configured. 
However, how to confirm the flight path information has been changed is FFS. Hence, RAN2 has discuss the trigger conditions for flight path reporting (i.e. how to confirm the flight path information has been changed). According to the conditions UE can determine whether to initiate the UE assistance information procedure to indicate the UE has updated flight path information. There are two options can be considered [7]:
· Option 1: It is up to UE implementation.
· Option 2: Network configures one or more threshold(s).And the change of time or distance larger than or equal to the threshold(s) will trigger the flight path update indication in UAI.
If it is up to UE implementation, it may cause the frequent flight path update. For Option 2, whether and when to report the flight path update indication is in the control of network. Hence, Option 2 is better than Option 1.
Proposal 5: 	Network can configure one or more time/distance threshold(s). When the change of time/distance is larger than or equal to the threshold(s), UE will trigger the flight path update indication in UAI.
For initial and updated flight path available, UE should report the associated indications to network. Whether different indications or flags are needed for the initial or updated flight path available has been discussed in [7]. The purpose of the indication report is to inform the network that a flight path is available and the flight path has not been provided to network. When network receives the indications, network can required UE to report the flight path information. And network can determine whether the flight path is initial or updated flight path based on network implementation. Hence, for initial and updated flight path available, different indications/flags are not needed. A single indication (same flag) is used to inform the network that an initial or updated flight path is available.
Proposal 6: A single indication/flag can be used for initial and updated flight path available.
After aerial UE reports the fight path information, if the aerial UE is controlled by the operator or user, the reported flight path information will become unavailable and the UE won’t have the available flight path. Hence, the UE needs to inform network that the flight path information reported in last time has become unavailable. Without the indication, network may configure handover command based on the unavailable flight path which may result in handover failure. The indication of flight path unavailable can be introduced and UAI message can be used to indicate the UE doesn’t have flight path availability.
Proposal 7: The indication of flight path unavailable can be introduced and UAI message can be used to indicate the UE doesn’t have flight path availability.
To reduce signaling overhead, delta flight path information can be supported for flight path update and the new flight path information is the delta of the flight path information reported in last time. The timestamp of waypoints can be used as the index. If timestamps is not included in the previous report. Full flight path information can be reported.
Proposal 8: Delta flight path information can be supported for flight update. The timestamp of waypoints can be used as the index for delta configuration.
Conclusions
According to the analysis given above, we have the following proposals:
The content of flight path information
Proposal 1: It is up to UE implementation which waypoints are included in flight path information.
Proposal 2：For the maximum number of waypoints of flight path information, NR UAV should follow the LTE principle.
Flight path reporting
[bookmark: _Toc502437832]Proposal 3：UAI message can be used to report the indication of initial flight path availability. If UE has flight path information available and the UE has not reported the indication in the latest complete message, the UE should report the initial flight path available indication via UAI if configured.
Proposal 4: UAI information can be used for flight update. If UE has flight path information available and the flight path information in the UE is changed compared to last time the UE reported this information, the UE should report the flight path update indication via UAI if configured. 
Proposal 5: 	Network can configure one or more time/distance threshold(s). When the change of time/distance is larger than or equal to the threshold(s), UE will trigger the flight path update indication in UAI.
Proposal 6: A single indication/flag can be used for initial and updated flight path available.
Proposal 7: The indication of flight path unavailable can be introduced and UAI message can be used to indicate the UE doesn’t have flight path availability.
Proposal 8: Delta flight path information can be supported for flight update. The timestamp of waypoints can be used as the index for delta configuration.
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