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Introduction
One of the objectives in WI for NR UAV [1] is “Flight path reporting”. Following agreements has been reached so far relevant to flight path reporting.
RAN2#119e:
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:
	· The granularity of flightpath timestamp is 1s. 
· [bookmark: _Hlk134736012]Timestamp in flightpath is encoded using AbsoluteTimeInfo-r16 IE



After RAN2#121, some of the aspects about flight path reporting were discussed in [Post121][314][UAV]. Following was agreed in RAN2#121bis-e:
1. Flightpath update indication in UAI is configurable by the network
2. Maximum number of waypoints is set to 20 same as in LTE and number of waypoints is configurable by network as in LTE
3. Flightpath information should be forwarded from source gNB to target gNB during handover. Send LS to RAN3 to check for feasibility
4. As a baseline, we can consider a simple network control mechanisms (e.g. a threshold(s)) that controls triggering the flightpath update indication in UAI. FFS if new threshold or the kind of threshold(s) 
5. As a baseline, single indication is used for both initial and updated flightpath available (i.e. same flag is used for initial and updated flight path indication.  FFS if further differentiation is needed if we decide to have delta signaling 
 
RAN2#121bis agreed the following:
	1. The network can configure the UE to trigger a flightpath update notification based on a configured delta time (when timestamp is configured to be reported) or distance configuration.



This document provides our views and further clarifications on the outstanding aspects of flight path reporting.

Forwarding flight path by source gNB during HO
RAN2#121 previously agreed: 
1. Flightpath information should be forwarded from source gNB to target gNB during handover. Send LS to RAN3 to check for feasibility

An LS was sent to RAN3 in R2-2304474. RAN3 replied in R2-2307034/R3-233493 with the following:
RAN3 agreed adding the UAV flight path information into RAN3 specifications for NGAP (TS 38.413), and XNAP (TS 38.423). The agreed TP capturing the UAV flight path information are attached, while the referred IE to RRC is FFS to wait until RAN2 finalization of the definition of UAV fight path information.
In other words, RAN3 has already agreed on baseline CRs. From RAN2 side, the flight path information IE should be included in AS-Context within HandoverPreparationInformation such that it can be transferred between the RAN nodes during the HO preparation.
[bookmark: _Toc142490225][bookmark: _Toc142571725]During HO preparation, source gNB includes FlightPathInfoReport in AS-Context within HandoverPreparationInformation.

Updated flight path reporting by UE
To allow the UE to provide updated flight path, RAN2 has agreed that msg3/msg5 as well as UAI message can be used. In general, following are possible cases regarding need for updating waypoints in an already signalled flight path from the UE to the network:
Case 1. Some outdated waypoints are removed as the UAV UE has already travelled through them.
Case 2. Some waypoints’ timestamp is updated but location remains the same. 
Case 3. Some waypoints’ location (and possibly timestamp if it was indicated earlier) is updated due to change in planned path.
Case 4. Some new waypoint(s) is/are inserted due to change in planned path.
For all of the above cases, to support UE signalling only the changes in the flight path information, main question is how to identify the exact waypoint that is intended for update. 
One can think of various ways to identify the waypoints. For example, a wayPointID can be added for each waypoint, similar to various IDs in the current RRC. With max 20 waypoints, this can be 5 additional bits for each waypoint. Then it is straightforward to have FlightPathToAddModList and FlightPathToRemoveList, reusing the same concept of add/mod/remove lists throughout the current RRC specifications. This straightforward method can easily take care of the cases 1/2/3 above. 
[bookmark: _Toc131701823][bookmark: _Toc131701978][bookmark: _Toc131701999][bookmark: _Toc131702781][bookmark: _Toc131717180][bookmark: _Toc134546547][bookmark: _Toc134737762][bookmark: _Toc134737796][bookmark: _Toc134738300][bookmark: _Toc134738365][bookmark: _Toc142489082][bookmark: _Toc142490222][bookmark: _Toc142571722]Adding a Way Point ID (additional 5 bits per waypoint) and reusing xxToAddMod and xxToRemove procedures is straightforward way to signal only the updated flight path information by the UE. 
Now, for the case 4, one could design more elaborate methods, such as linked-lists by indicating a preceding waypointID, or always sorting based on indicated timestamp if available, etc. However, in our view, case 4 is the rare one to happen among the listed cases above, while cases 1 and 2 are most likely. So, we prefer not to over-complicate the design. Even with the possibility of add/modify/remove, UE can take care of the case 4, e.g. by replacing the waypoints needing removal by new waypoints, or in the worst case (re)sending a longer list.  
[bookmark: _Toc131701824][bookmark: _Toc131701979][bookmark: _Toc131702000][bookmark: _Toc131702782][bookmark: _Toc131717181][bookmark: _Toc134546548][bookmark: _Toc134737763][bookmark: _Toc134737797][bookmark: _Toc134738301][bookmark: _Toc134738366][bookmark: _Toc142489083][bookmark: _Toc142490223][bookmark: _Toc142571723]Scenarios to insert new waypoint(s) in flight path is less likely than those to remove or modify waypoint(s) from the flight path.  Elaborated solutions such as linked-list is not needed.
Signalling overhead in providing full flight path every time
Providing full flight path every time comes with large signalling overhead. To illustrate the size of the flightpath, consider that RAN2 already agreed to use LocationCoordinates for encoding of each waypoint location, as specified in TS 37.355:
LocationCoordinates ::= CHOICE {
	ellipsoidPoint								Ellipsoid-Point,
	ellipsoidPointWithUncertaintyCircle			Ellipsoid-PointWithUncertaintyCircle,
	ellipsoidPointWithUncertaintyEllipse		EllipsoidPointWithUncertaintyEllipse,
	polygon										Polygon,
	ellipsoidPointWithAltitude					EllipsoidPointWithAltitude,
	ellipsoidPointWithAltitudeAndUncertaintyEllipsoid																							EllipsoidPointWithAltitudeAndUncertaintyEllipsoid,
	ellipsoidArc								EllipsoidArc,
	...,
	highAccuracyEllipsoidPointWithUncertaintyEllipse-v1510
								HighAccuracyEllipsoidPointWithUncertaintyEllipse-r15,
	highAccuracyEllipsoidPointWithAltitudeAndUncertaintyEllipsoid-v1510
								HighAccuracyEllipsoidPointWithAltitudeAndUncertaintyEllipsoid-r15
}

In the above, each location can be encoded as a polygon, which can be up to 15 PolygonPoints. So, the size of each Polygon can be (15* 48bits) + 4 bits for number of PolygonPoints = 724 bits, and with 4 bits for CHOICE at top level, each LocationCoordinates can be 728 bits.
Polygon ::= SEQUENCE (SIZE (3..15)) OF PolygonPoints

PolygonPoints ::= SEQUENCE {
	latitudeSign				ENUMERATED {north, south},
	degreesLatitude				INTEGER (0..8388607),			-- 23 bit field
	degreesLongitude			INTEGER (-8388608..8388607)		-- 24 bit field
}

The timestamp if included would be encoded as AbsoluteTimeInfo-r16 which is 48 bits each.
AbsoluteTimeInfo-r16 ::= BIT STRING (SIZE (48))
Then, each way point can be more than 775 bits in this case. 
RAN2 agreed to have up to 20 waypoints. So, that can bring us to roughly above 15,500 bits of RRC level message for a full flightpath information.
[bookmark: _Toc134737761][bookmark: _Toc134737795][bookmark: _Toc134738299][bookmark: _Toc134738364][bookmark: _Toc142489084][bookmark: _Toc142490224][bookmark: _Toc142571724]A full flight path info with already agreed encoding can go above 15,500 bits of RRC message. 
One could argue this is an extreme example, and may want to check another encoding for location of each waypoint, e.g. EllipsoidPointWithAltitudeAndUncertaintyEllipsoid or HighAccuracyEllipsoidPointWithAltitudeAndUncertaintyEllipsoid-r15. 
EllipsoidPointWithAltitudeAndUncertaintyEllipsoid ::= SEQUENCE {
	latitudeSign				ENUMERATED {north, south},
	degreesLatitude				INTEGER (0..8388607),			-- 23 bit field
	degreesLongitude			INTEGER (-8388608..8388607),	-- 24 bit field
	altitudeDirection			ENUMERATED {height, depth},
	altitude					INTEGER (0..32767),				-- 15 bit field
	uncertaintySemiMajor		INTEGER (0..127),
	uncertaintySemiMinor		INTEGER (0..127),
	orientationMajorAxis		INTEGER (0..179),
	uncertaintyAltitude			INTEGER (0..127),
	confidence					INTEGER (0..100)
}

HighAccuracyEllipsoidPointWithAltitudeAndUncertaintyEllipsoid-r15 ::= SEQUENCE {
	degreesLatitude-r15				INTEGER(-2147483648..2147483647),  32
	degreesLongitude-r15			INTEGER(-2147483648..2147483647),  32
	altitude-r15					INTEGER(-64000..1280000),  21
	uncertaintySemiMajor-r15		INTEGER (0..255), 
	uncertaintySemiMinor-r15		INTEGER (0..255),
	orientationMajorAxis-r15		INTEGER (0..179),
	horizontalConfidence-r15		INTEGER (0..100),
	uncertaintyAltitude-r15			INTEGER (0..255),
	verticalConfidence-r15			INTEGER (0..100)
}

In these examples, including the timestamps 48 bits and multiplying by 20 waypoints, just the flight path info in the RRC message can be more than 4,000 bits, which is still very high. 
Therefore, to avoid large overhead for even very small changes to flight path plan every time (e.g. change in a timestamp only without change in any waypoint locations), the UE should be allowed to signal only the updated information.
[bookmark: _Toc131701825][bookmark: _Toc131701981][bookmark: _Toc131702001][bookmark: _Toc131702775][bookmark: _Toc131716873][bookmark: _Toc131716982][bookmark: _Toc131717183][bookmark: _Toc134546550][bookmark: _Toc134737764][bookmark: _Toc134737792][bookmark: _Toc134738302][bookmark: _Toc134738367][bookmark: _Toc142489085][bookmark: _Toc142490226][bookmark: _Toc118304807][bookmark: _Toc118316914][bookmark: _Toc118317304][bookmark: _Toc118384898][bookmark: _Toc118385283][bookmark: _Toc142571726]Signalling of the changes in flight path information by the UE is supported. 
[bookmark: _Toc131701826][bookmark: _Toc131701982][bookmark: _Toc131702002][bookmark: _Toc131702776][bookmark: _Toc131716874][bookmark: _Toc131716983][bookmark: _Toc131717184][bookmark: _Toc134546551][bookmark: _Toc134737765][bookmark: _Toc134737793][bookmark: _Toc134738303][bookmark: _Toc134738368][bookmark: _Toc142489086][bookmark: _Toc142490227][bookmark: _Toc142571727]Add a Way Point ID to identify a particular waypoint in the UE-reported flight path.
[bookmark: _Toc131701827][bookmark: _Toc131701983][bookmark: _Toc131702003][bookmark: _Toc131702777][bookmark: _Toc131716875][bookmark: _Toc131716984][bookmark: _Toc131717185][bookmark: _Toc134546552][bookmark: _Toc134737766][bookmark: _Toc134737794][bookmark: _Toc134738304][bookmark: _Toc134738369][bookmark: _Toc142489087][bookmark: _Toc142490228][bookmark: _Toc142571728]Use xxToAddModList and xxToRemoveList to enable signalling of the changes in the flight path.


Summary
Based on the above discussion, we have the following observations:
Observation 1.	Adding a Way Point ID (additional 5 bits per waypoint) and reusing xxToAddMod and xxToRemove procedures is straightforward way to signal only the updated flight path information by the UE.
Observation 2.	Scenarios to insert new waypoint(s) in flight path is less likely than those to remove or modify waypoint(s) from the flight path.  Elaborated solutions such as linked-list is not needed.
Observation 3.	A full flight path info with already agreed encoding can go above 15,500 bits of RRC message.

Based on the observations, following is proposed:
Proposal 1.	During HO preparation, source gNB includes FlightPathInfoReport in AS-Context within HandoverPreparationInformation.
Proposal 2.	Signalling of the changes in flight path information by the UE is supported.
Proposal 3.	Add a Way Point ID to identify a particular waypoint in the UE-reported flight path.
Proposal 4.	Use xxToAddModList and xxToRemoveList to enable signalling of the changes in the flight path.
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