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Introduction
RAN#98e approved a (revised) WI for NR UAV [1]. One of the objectives is “Flight path reporting”. 
RAN2#119e agreed the following relevant to flight path reporting:
Agreements
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

In RAN2#119bis-e, following was agreed:
	Agreements:
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 made the following further agreements:
Agreements:
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.

In this contribution, we discuss potential enhancements for flight path reporting/update.

Discuss
RAN2 agreed the following: “Allow the flight path to be updated.  FFS on the details.” We think following potential enhancements should be considered as part of the detailed discussion.
· Support propagation of flight path information during handover.
· Allow LTE UE connected to 5GC to indicate the availability of flight path information. 
· Allow UE to provide only the changes in flight path to the network.
· Enable network to retrieve flight path/update from CN.
Propagation of flight path information during handover
Currently, the flightPathInfoReport is not transferred to the target cell during handover. As a result, after a handover, the new cell cannot make any UAV-specific HO optimization, e.g. preparing potential target cells for handover proactively. 
[bookmark: _Toc110972918][bookmark: _Toc110532044][bookmark: _Toc110532552][bookmark: _Toc110954677][bookmark: _Toc110970733][bookmark: _Toc115276634][bookmark: _Toc115276737][bookmark: _Toc115338443][bookmark: _Toc115376662][bookmark: _Toc118304805][bookmark: _Toc118316912][bookmark: _Toc118317302][bookmark: _Toc118384896][bookmark: _Toc118385281]Propagation of flight path between gNBs during handover will be supported.
LTE UE connected to 5GC
Currently (according to TS 36.331), the flag flightPathInfoAvailable is only included by UE connected to EPC. Consequently, an aerial UE using LTE cannot provide planned flight path when connected to 5GC.
Update 36.331 to enable LTE UAV connected to 5GC to report the flightPathInfoAvailable flag.
Flight path update from the UE
To allow the UE to provide updated flight path, RAN2 has agreed that msg3/msg5 as well as UAI message can be used. Providing full flight path again every time comes with signalling overhead, i.e. delta signalling should be possible.
[bookmark: _Toc118304807][bookmark: _Toc118316914][bookmark: _Toc118317304][bookmark: _Toc118384898][bookmark: _Toc118385283]Signalling of the changes in flight path information by the UE (‘delta’ signalling) is supported. FFS details.
Flight path/update from the CN
RAN2 should discuss whether it is beneficial from RAN2 perspective. If benefits are seen, then RAN2 should send LS to RAN3 as the signalling between CN and RAN would be in RAN3 domain.
[bookmark: _Toc118304808][bookmark: _Toc118316915][bookmark: _Toc118317305][bookmark: _Toc118384899][bookmark: _Toc118385284]Discuss whether RAN should be able to retrieve flight path/update from CN. If yes, send LS to RAN3.
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RAN2 previously agreed that timestamp provides the UTC time associated with the estimated time of arrival to a waypoint and the granularity of the timestamp was left as FFS. Note that it is the estimated time of arrival, and it is impractical to assume that this information would be very precise.  
The granularity of reporting in terms of seconds should be enough. 
[bookmark: _Hlk127355112]The granularity of flightpath timestamp is 1s.
Then lets look at the encoding itself. Current encoding of timeInfo :: timeInfoUTC (in SIB9) in TS 38.331 refers to 10ms units.
    timeInfo                    SEQUENCE {
        timeInfoUTC                 INTEGER (0..549755813887),
        dayLightSavingTime          BIT STRING (SIZE (2))              OPTIONAL,   -- Need R
        leapSeconds                 INTEGER (-127..128)                OPTIONAL,   -- Need R
        localTimeOffset             INTEGER (-63..64)                  OPTIONAL    -- Need R
    } 

	dayLightSavingTime
Indicates if and how daylight-saving time (DST) is applied to obtain the local time. The semantics are the same as the semantics of the Daylight Saving Time IE in TS 24.501 [23] and TS 24.008 [38]. The first/leftmost bit of the bit string contains the b2 of octet 3 and the second bit of the bit string contains b1 of octet 3 in the value part of the Daylight Saving Time IE in TS 24.008 [38].

	leapSeconds
Number of leap seconds offset between GPS Time and UTC. UTC and GPS time are related i.e. GPS time -leapSeconds = UTC time.

	localTimeOffset
Offset between UTC and local time in units of 15 minutes. Actual value = field value * 15 minutes. Local time of the day is calculated as UTC time + localTimeOffset.

	timeInfoUTC
Coordinated Universal Time corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted. The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). See NOTE 1. This field is excluded when determining changes in system information, i.e. changes of timeInfoUTC should neither result in system information change notifications nor in a modification of valueTag in SIB1.



On the other hand, we also have the following in TS 38.331:
	–                      AbsoluteTimeInfo
The IE AbsoluteTimeInfo indicates an absolute time in a format YY-MM-DD HH:MM:SS and using BCD encoding. The first/ leftmost bit of the bit string contains the most significant bit of the most significant digit of the year and so on.
AbsoluteTimeInfo information element
-- ASN1START
-- TAG-ABSOLUTETIMEINFO-START
 
AbsoluteTimeInfo-r16 ::= BIT STRING (SIZE (48))
 
-- TAG-ABSOLUTETIMEINFO-STOP
-- ASN1STOP




The encoding of AbsoluteTimeInfo is more straightforward. Therefore, we suggest RAN2 to use AbsoluteTimeInfo for encoding of timestamp in the flightpath.
[bookmark: _Hlk127355121]Timestamp in flightpath is encoded using AbsoluteTimeInfo-r16 IE. 

Summary
Based on the above discussion, we propose the following:
Proposal 1.	Propagation of flight path between gNBs during handover will be supported.
Proposal 2.	Update 36.331 to enable LTE UAV connected to 5GC to report the flightPathInfoAvailable flag.
Proposal 3.	Signalling of the changes in flight path information by the UE (‘delta’ signalling) is supported. FFS details.
Proposal 4.	Discuss whether RAN should be able to retrieve flight path/update from CN. If yes, send LS to RAN3. 
Proposal 5.	The granularity of flightpath timestamp is 1s. 
Proposal 6.	Timestamp in flightpath is encoded using AbsoluteTimeInfo-r16 IE.

References
[1] RP-223545, Revised WID: NR support for UAV (Uncrewed Aerial Vehicles), RAN#98e, Dec. 2022

