
3GPP TSG-RAN WG2 #122	R2-2306241
Incheon, Korea, 22nd - 26th May 2023	

Source:                    	DENSO CORPORATION
Title:  	Consideration on flight path reporting for NR UAV
Document for:        	Discussion and decision
Agenda Item:         	7.8.3 	Flight path reporting
1. Introduction
In the past RAN2 meeting, the following have been agreed about the flight path reporting.
	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#120[1]:
· RAN2#121[2]:
	1. The granularity of flightpath timestamp is 1s. 
2. Timestamp in flightpath is encoded using AbsoluteTimeInfo-r16 IE


· RAN2#121bis-e[3]:
	1. [bookmark: _Hlk134790098]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 [LS to RAN3 over email 307]
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


In accordance with the above agreements and FFS, this paper attempts to investigate about the consideration on the flight path report and further enhancements.

2. Discussion
2.1 Delta flight path reporting
In the previous RAN2 #121bis-e meeting, it was not agreed whether delta flight path reporting should be supported or not. During the meeting, there were some opinions to avoid complicated signaling as the flight path update would not be performed frequently. We agree that the partial update for waypoints would not be performed frequently in the typical use case of UAV since only a few obstructions would be expected in the aerial route compared to terrestrial route. However, we suppose that time difference between reported time and actual time could easily occur due to external condition (e.g. weather condition). In such case, sending the entire flight path would cause inefficient radio resource usage since the waypoint location information may not be updated but the timestamp should be updated.
[bookmark: _Hlk134776808]Observation 1: Time difference between reported time and actual time could easily occur due to external conditions (e.g. weather condition).
The structure of LocationCoordinates can be referred to estimate the data size of entire waypoints[4]. Based on the structure, the data size of LocationCoordinates should be around 6-7 bytes even though smaller data type (e.g. Ellipsoid-Point or Ellipsoid-PointWithUncertaintyCircle) is used. Therefore, the data size of entire waypoints would be around 120-140 bytes at minimum in case 20 waypoints are sent. Of course, the total size would be increased more if bigger data type is used for each point. Additionally, 6 bytes of timestamp itself (AbsoluteTimeInfo-r16) should also be considered when timestamp is partially updated.

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,
	ha-EllipsoidPointWithScalableUncertaintyEllipse-v1680																				HA-EllipsoidPointWithScalableUncertaintyEllipse-r16,
	ha-EllipsoidPointWithAltitudeAndScalableUncertaintyEllipsoid-v1680
								HA-EllipsoidPointWithAltitudeAndScalableUncertaintyEllipsoid-r16
}

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

Ellipsoid-PointWithUncertaintyCircle ::= SEQUENCE {
	latitudeSign				ENUMERATED {north, south},
	degreesLatitude				INTEGER (0..8388607),			-- 23 bit field
	degreesLongitude			INTEGER (-8388608..8388607),	-- 24 bit field
	uncertainty					INTEGER (0..127)
}






















Figure 1. Structure of LocationCoordinates and smaller data type of the point
Observation 2:	The data size of entire waypoints would be around 120-140 bytes at minimum in case 20 waypoints are sent.
Proposal 1: RAN2 to allow UE to update flight path partially at least for timestamps.



To update partial flight path, introducing index for each waypoint would work. With the index, UE can specify the waypoint to be updated, and UE can send only difference from the last report if the UE intend to update the flight path partially. Therefore, the proposed format of flight path would be like below:
FlightPathInfoReport-r18 ::=		SEQUENCE {
	flightPath-r18					SEQUENCE (SIZE (1..maxWayPoint-r18)) OF WayPointLocation-r18,
	nonCriticalExtension				SEQUENCE {}
}

WayPointLocation-r18 ::=	SEQUENCE {
	index							INTEGER (0..XXXX),
	wayPointLocation-r18				LocationInfo-r16             OPTIONAL,
	timeStamp-r18						AbsoluteTimeInfo-r16         OPTIONAL
}








Figure 2. Proposed message structure of flight path
Proposal 2: RAN2 to introduce index for each waypoint so that UE can update flight path partially.
Proposal 3: Define wayPointLocation as optional field to allow UE to update timeStamp only.

2.2 Triggering conditions for updating flight path
In the previous RAN2 #121bis-e meeting, it was agreed to consider network-controlled triggering mechanism for fligh tpath update. For the triggering mechanism, configuring some thresholds to UE can be considered as simple and straightforward solution. The threshold would be time difference or spatial difference between reported time/location and latest estimated time/location.
Proposal 4: Some thresholds to trigger flight path update can be configured to UE.
Proposal 5: Time difference or spatial difference between reported time/location and latest estimated time/location can be configured as the threshold to trigger flight path update.
To keep the effectiveness of the flightpath information, the frequency of evaluation would be one of important factor, because the flight path information would be outdated if the frequency of evaluation is very low.
Proposal 6: RAN2 to consider the frequency to evaluate if the triggering condition is fulfilled.
Additionally, the mechanism of ReportConfig for measurement report could be used for the triggering condition configuration (D1 event could be referred to as distance-based event).
Proposal 7: The mechanism of ReportConfig for measurement report could be used for the triggering condition configuration by the network.
We think there might be some cases where UE wants to update flightpath information even though triggering condition is not fulfilled. For example, UE reports partial flight path in the initial flight path report, then UE needs to report subsequent flight path. Therefore, we propose to allow UE to update the flight path at any time even though triggering condition is configured as long as sending update indication in UAI is allowed by the network.
Observation 3:	There might be some cases where UE wants to update flight path information even though triggering condition is not fulfilled.
Proposal 8: UE is allowed to update the flight path at any time even though triggering condition is configured as long as sending update indication in UAI is allowed by the network.


3. Summary and proposal
This paper discussed the consideration on flight path reporting of NR support for UAV. In summary, the followings were observed and proposed:
Observation 1: Time difference between reported time and actual time could easily occur due to external conditions (e.g. weather condition).
Observation 2:	The data size of entire waypoints would be around 120-140 bytes at minimum in case 20 waypoints are sent.
Proposal 1: RAN2 to allow UE to update flight path partially at least for timestamps.
Proposal 2: RAN2 to introduce index for each waypoint so that UE can update flight path partially.
Proposal 3: Define wayPointLocation as optional field to allow UE to update timeStamp only.
Proposal 4: Some threshold to trigger flight path update could be configured to UE.
Proposal 5: Time difference or spatial difference between reported time/location and latest estimated time/location can be configured as the threshold to trigger flight path update.
Proposal 6: RAN2 to consider the frequency to evaluate if the triggering condition is fulfilled.
Proposal 7: The mechanism of ReportConfig for measurement report could be used for the triggering condition configuration by the network.
Observation 3:	There might be some cases where UE wants to update flight path information even though triggering condition is not fulfilled.
Proposal 8: UE is allowed to update the flight path at any time even though triggering condition is configured as long as sending update indication in UAI is allowed by the network.

4. References
[1] R2-2213003, “Report from Session on NES, UAV, Small Data, Rel-15-17 UP, Rel-17 Small Data, IIoT/URLLC, and RACH partitioning”
[2] R2-2301903, “Report from Session on NES, UAV, Small Data, Rel-15-17 UP, Rel-17 Small Data, IIoT/URLLC, and RACH partitioning”
[3] R2-2304203, “Report from Session on NES, UAV, Small Data, Rel-15-17 UP, Rel-17 Small Data, IIoT/URLLC, and RACH partitioning”
[4] TS 37.355, “LTE Positioning Protocol (LPP)”



3

