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1	Introduction
RAN2#101 has the following agreement:
		UE location information is included in the measurement report for Aerial UE based on the existing location information IE and reporting mechanism. Any parameters for reporting can be further studied.



RAN2#101b has the following agreement:
1	Provide threshold(s) in meters at least through dedicated RRC signaling. Using system information is FFS.
2	Event of UE’s height is above threshold(s) can trigger report. The content of the report are FFS. It can be discussed in the running RRC CR email discussion.
3	The flight path information provided from UE to eNB through RRC is supported. The trigger condition and content of the information is FFS.

In addition, there is an ongoing email discussion [101bis#57] to discuss the triggering condition and the content of the flight path plan. In this paper, we elaborate more on our proposals and provide text proposals.
[bookmark: _Ref178064866]2	Discussion
As indicated in our inputs to the email discussion, a network-polling based approach should be supported, and the flight path information is the flying direction.
Flight path is a high-level concept, defined and managed by the drone operator’s flight management system. How and what is downloaded to the drone may depend on the implementation of that software. It is not clear what type of flight path will be accessible for the UE.  For example, flight paths may be short (e.g., defined by 2 points start-end) or very complex with many waypoints.
Moreover, a practical flight path from UAV traffic management (UTM) can very well be a flight corridor with time-window based waypoints, i.e., we need to define a time-varying 3D shape instead of a line. This high-level information is better to be provided through the core network from the drone operator’s flight management system.  Providing all this information through RRC does not seem to be a fit.  
In addition, the core network may collect and manage a multitude of concurrent flights and use the individual flight paths as a whole for more comprehensive network resource optimization, since the flight path has a wider scope affecting many cells and eNBs. This is cumbersome if the detailed flight paths are sent through RRC. 
On the other hand, the flying direction is accessible for all drones. In addition to movements in the horizontal plane, the drone can also move vertically. Therefore, a 3D flying direction that includes both horizontal velocity and vertical velocity is needed and providing a 3D flying direction, which is accessible for all drones, should be supported. Moreover, the reference for the speed can be the ambient environment of the drone so that it indicates a flying direction with zero speed if it is stationary in a moving car in a high-raised overpass. With this, it is clear from the UE’s 3D direction report that the UE is airborne. 
On the triggering condition, at least a network-polling based approach should be supported. Depending on the content of the flight path information, it can also be beneficial to support periodical reporting after a request from the network.  
[bookmark: _Toc513668363]On RRC, UE sends 3D direction as the flight path information and is triggered to send the 3D direction upon reception of a request message from eNB. 

We see a large similarity between flight path information and location information. In both cases, a UE used for a particular vertical domain sends auxiliary information to the network. Location information reporting has been enhanced in V2X work items so that the location of the cars can be periodically reported to the network.  
The location of the cars is sent in LocationInfo and it can be separately reported. More specifically, one can set purpose-v1430 in ReportConfigEUTRA to be reportLocation. According to Section 5.5.4 of TS 36.331 (measurement report triggering), UE only considers PCell and initiates the measurement reporting procedure immediately after both the quantity to be reported for the PCell and the location information become available. If needed, one can set reportInterval and reportAmount to configure a periodical location information reporting. In Section 5.5.5.1, it is specified that 
	[bookmark: _Hlk512942822]1>	if the includeLocationInfo is configured in the corresponding reportConfig for this measId or if purpose for the reportConfig associated with the measId that triggered the measurement reporting is set to reportLocation; and detailed location information that has not been reported is available, set the content of the locationInfo as follows:
2>	include the locationCoordinates;
2>	if available, include the gnss-TOD-msec, except if purpose for the reportConfig associated with the measId that triggered the measurement reporting is set to reportLocation;


[bookmark: _Toc513668361]Location information can be sent upon a network request (i.e., setting purpose to reportLocation in ReportConfigEUTRA). 

From the specification point of view, we can re-use the information element “locationInfo” (if needed) and re-use the same triggering conditions (if identified to be useful).
[bookmark: _Toc513668362]It is beneficial to re-use as much as possible the content in locationInfo and the triggering condition defined for locationInfo to flight path plan reporting. 
[bookmark: _Toc513668364]The network request message contains ReportConfigEUTRA with purpose set to report3DDirection. 

The flight direction in 3D space is basically composed of horizontal velocity and vertical velocity. Such a definition exists in TS 36.355, see blow. 
[bookmark: _Toc494150437]–	HorizontalWithVerticalVelocityAndUncertainty
The IE HorizontalWithVerticalVelocityAndUncertainty is used to describe a velocity shape as defined in 3GPP TS 23.032 [15]. 
-- ASN1START

HorizontalWithVerticalVelocityAndUncertainty ::= SEQUENCE {
	bearing						INTEGER(0..359),
	horizontalSpeed				INTEGER(0..2047),
	verticalDirection			ENUMERATED{upward, downward},
	verticalSpeed				INTEGER(0..255),
	horizontalUncertaintySpeed	INTEGER(0..255),
	verticalUncertaintySpeed	INTEGER(0..255)
}

-- ASN1STOP
We can re-use the similar IE here to indicate the 3D direction. 
[bookmark: _Toc513668365]Introduce HorizontalWithVerticalVelocityAndUncertainty in locationInfo to indicate the 3D direction. 

[bookmark: _GoBack]An example text proposal can be found in Section 3.
[bookmark: _Toc513668366]Adopt the text proposal in Section 3 on 3D direction into the running CR. 

[bookmark: _Ref189046994]3	Text Proposal
[bookmark: _Toc510531268]5.5.5.1	General
Unchanged text omitted
1>	if purpose for the reportConfig associated with the measId that triggered the measurement reporting is set to report3DDirection; and detailed 3D direction information that has not been reported is available, set the content of the locationInfo as follows:
2>	include the locationCoordinates;
2> include the HorizontalWithVerticalVelocityAndUncertainty;

Unchanged text omitted
[bookmark: _Toc510531722]6.3.5	Measurement information elements
Unchanged text omitted
–	LocationInfo
The IE LocationInfo is used to transfer detailed location information available at the UE to correlate measurements and UE position information. The IE locationInfo is also used to transfer velocity/3D direction.
LocationInfo information element
-- ASN1START

LocationInfo-r10 ::=	SEQUENCE {
	locationCoordinates-r10					CHOICE {
		ellipsoid-Point-r10						OCTET STRING,
		ellipsoidPointWithAltitude-r10			OCTET STRING,
	...,
		ellipsoidPointWithUncertaintyCircle-r11					OCTET STRING,
		ellipsoidPointWithUncertaintyEllipse-r11				OCTET STRING,
		ellipsoidPointWithAltitudeAndUncertaintyEllipsoid-r11	OCTET STRING,
		ellipsoidArc-r11										OCTET STRING,
		polygon-r11												OCTET STRING
	},
	horizontalVelocity-r10					OCTET STRING				OPTIONAL,
	gnss-TOD-msec-r10						OCTET STRING				OPTIONAL,
	HorizontalWithVerticalVelocityAndUncertainty	OCTET STRING	OPTIONAL,
	...
}

-- ASN1STOP

	LocationInfo field descriptions

	ellipsoidArc
Parameter EllipsoidArc defined in TS36.355 [54]. The first/leftmost bit of the first octet contains the most significant bit.

	ellipsoid-Point
Parameter Ellipsoid-Point defined in TS36.355 [54]. The first/leftmost bit of the first octet contains the most significant bit.

	ellipsoidPointWithAltitude
Parameter EllipsoidPointWithAltitude defined in TS36.355 [54]. The first/leftmost bit of the first octet contains the most significant bit.

	ellipsoidPointWithAltitudeAndUncertaintyEllipsoid
Parameter EllipsoidPointWithAltitudeAndUncertaintyEllipsoid defined in TS36.355 [54]. The first/leftmost bit of the first octet contains the most significant bit.

	ellipsoidPointWithUncertaintyCircle
Parameter Ellipsoid-PointWithUncertaintyCircle defined in TS36.355 [54]. The first/leftmost bit of the first octet contains the most significant bit.

	ellipsoidPointWithUncertaintyEllipse
Parameter EllipsoidPointWithUncertaintyEllipse defined in TS36.355 [54]. The first/leftmost bit of the first octet contains the most significant bit.

	gnss-TOD-msec
Parameter Gnss-TOD-msec defined in TS36.355 [54]. The first/leftmost bit of the first octet contains the most significant bit.

	horizontalVelocity
Parameter HorizontalVelocity defined in TS36.355 [54]. The first/leftmost bit of the first octet contains the most significant bit.

	HorizontalWithVerticalVelocityAndUncertainty 
Parameter HorizontalWithVerticalVelocityAndUncertainty defined in TS36.355 [54]. The first/leftmost bit of the first octet contains the most significant bit.

	Polygon
Parameter Polygon defined in TS36.355 [54]. The first/leftmost bit of the first octet contains the most significant bit.



Unchanged text omitted
[bookmark: _Toc510531679]6.3.5	Measurement information elements
[bookmark: _Toc510531703]–	ReportConfigEUTRA
The IE ReportConfigEUTRA specifies criteria for triggering of an E‑UTRA measurement reporting event. The E‑UTRA measurement reporting events concerning CRS are labelled AN with N equal to 1, 2 and so on.
Event A1:	Serving becomes better than absolute threshold;
Event A2:	Serving becomes worse than absolute threshold;
Event A3:	Neighbour becomes amount of offset better than PCell/ PSCell;
Event A4:	Neighbour becomes better than absolute threshold;
Event A5:	PCell/ PSCell becomes worse than absolute threshold1 AND Neighbour becomes better than another absolute threshold2;
Event A6:	Neighbour becomes amount of offset better than SCell.
The E‑UTRA measurement reporting events concerning CSI-RS are labelled CN with N equal to 1 and 2.
Event C1:	CSI-RS resource becomes better than absolute threshold;
Event C2:	CSI-RS resource becomes amount of offset better than reference CSI-RS resource.
The E-UTRA measurement reporting events concerning CBR are labelled VN with N equal to 1 and 2.
Event V1:	CBR becomes larger than absolute threshold;
Event V2:	CBR becomes smaller than absolute threshold.
ReportConfigEUTRA information element
-- ASN1START

ReportConfigEUTRA ::=				SEQUENCE {
	triggerType							CHOICE {
		event								SEQUENCE {
			eventId								CHOICE {
				eventA1								SEQUENCE {
					a1-Threshold						ThresholdEUTRA
				},
				eventA2								SEQUENCE {
					a2-Threshold						ThresholdEUTRA
				},
				eventA3								SEQUENCE {
					a3-Offset							INTEGER (-30..30),
					reportOnLeave						BOOLEAN
				},
				eventA4								SEQUENCE {
					a4-Threshold						ThresholdEUTRA
				},
				eventA5								SEQUENCE {
					a5-Threshold1						ThresholdEUTRA,
					a5-Threshold2						ThresholdEUTRA
				},
				...,
				eventA6-r10							SEQUENCE {
					a6-Offset-r10						INTEGER (-30..30),
					a6-ReportOnLeave-r10				BOOLEAN
				},
				eventC1-r12							SEQUENCE {
					c1-Threshold-r12					ThresholdEUTRA-v1250,
					c1-ReportOnLeave-r12				BOOLEAN
				},
				eventC2-r12							SEQUENCE {
					c2-RefCSI-RS-r12					MeasCSI-RS-Id-r12,
					c2-Offset-r12						INTEGER (-30..30),
					c2-ReportOnLeave-r12				BOOLEAN
				},
				eventV1-r14							SEQUENCE {
					v1-Threshold-r14					SL-CBR-r14
				},
				eventV2-r14							SEQUENCE {
					v2-Threshold-r14					SL-CBR-r14
				}
			},
			hysteresis							Hysteresis,
			timeToTrigger						TimeToTrigger
		},
		periodical								SEQUENCE {
			purpose									ENUMERATED {
														reportStrongestCells, reportCGI}
		}
	},
	triggerQuantity						ENUMERATED {rsrp, rsrq},
	reportQuantity						ENUMERATED {sameAsTriggerQuantity, both},
	maxReportCells						INTEGER (1..maxCellReport),
	reportInterval						ReportInterval,
	reportAmount						ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},
	...,
	[[	si-RequestForHO-r9					ENUMERATED {setup}		OPTIONAL,	-- Cond reportCGI
		ue-RxTxTimeDiffPeriodical-r9		ENUMERATED {setup}		OPTIONAL	-- Need OR
	]],
	[[	includeLocationInfo-r10				ENUMERATED {true}		OPTIONAL,	-- Need OR
		reportAddNeighMeas-r10				ENUMERATED {setup}		OPTIONAL	-- Need OR
	]],
	[[	alternativeTimeToTrigger-r12		CHOICE {
			release								NULL,
			setup								TimeToTrigger
		}													OPTIONAL,	-- Need ON
		useT312-r12							BOOLEAN			OPTIONAL,	-- Need ON
		usePSCell-r12						BOOLEAN			OPTIONAL,	-- Need ON
		aN-Threshold1-v1250					RSRQ-RangeConfig-r12		OPTIONAL,	-- Need ON
		a5-Threshold2-v1250					RSRQ-RangeConfig-r12		OPTIONAL,	-- Need ON
		reportStrongestCSI-RSs-r12			BOOLEAN			OPTIONAL,	-- Need ON
		reportCRS-Meas-r12					BOOLEAN			OPTIONAL,	-- Need ON
		triggerQuantityCSI-RS-r12			BOOLEAN			OPTIONAL		-- Need ON
	]],
	[[	reportSSTD-Meas-r13					BOOLEAN			OPTIONAL,		-- Need ON
		rs-sinr-Config-r13					CHOICE {
			release								NULL,
			setup								SEQUENCE {
				triggerQuantity-v1310				ENUMERATED {sinr}		OPTIONAL,	-- Need ON
				aN-Threshold1-r13					RS-SINR-Range-r13		OPTIONAL,	-- Need ON
				a5-Threshold2-r13					RS-SINR-Range-r13		OPTIONAL,	-- Need ON
				reportQuantity-v1310				ENUMERATED {rsrpANDsinr, rsrqANDsinr, all}
			}
		}																OPTIONAL,	-- Need ON
		useWhiteCellList-r13				BOOLEAN						OPTIONAL,	-- Need ON
		measRSSI-ReportConfig-r13			MeasRSSI-ReportConfig-r13	OPTIONAL,	-- Need ON
		includeMultiBandInfo-r13			ENUMERATED {true}			OPTIONAL,	-- Cond reportCGI
		ul-DelayConfig-r13					UL-DelayConfig-r13			OPTIONAL	-- Need ON
	]],
	[[	ue-RxTxTimeDiffPeriodicalTDD-r13	BOOLEAN						OPTIONAL	-- Need ON
	]],
	[[	
		purpose-v1430			ENUMERATED {reportLocation, sidelink, spare2report3DDirection, spare1}		
															OPTIONAL	-- Need ON
	]],
	[[	
		maxReportRS-Index-r15		INTEGER (0..maxRS-IndexReport-r15)	OPTIONAL	-- Need ON
	]]
}

RSRQ-RangeConfig-r12 ::=			CHOICE {
	release								NULL,
	setup								RSRQ-Range-v1250
}

ThresholdEUTRA ::=					CHOICE{
	threshold-RSRP						RSRP-Range,
	threshold-RSRQ						RSRQ-Range
}

ThresholdEUTRA-v1250 ::=			CSI-RSRP-Range-r12

MeasRSSI-ReportConfig-r13 ::=	SEQUENCE {
	channelOccupancyThreshold-r13			RSSI-Range-r13				OPTIONAL	-- Need OR
}

-- ASN1STOP

Conclusion
In the previous sections we made the following observations: 
Observation 1	Location information can be sent upon a network request (i.e., setting purpose to reportLocation in ReportConfigEUTRA).
Observation 2	It is beneficial to re-use as much as possible the content in locationInfo and the triggering condition defined for locationInfo to flight path plan reporting.

Based on the discussion in the previous sections we propose the following:
Proposal 1	On RRC, UE sends 3D direction as the flight path information and is triggered to send the 3D direction upon reception of a request message from eNB.
Proposal 2	The network request message contains ReportConfigEUTRA with purpose set to report3DDirection.
Proposal 3	Introduce HorizontalWithVerticalVelocityAndUncertainty in locationInfo to indicate the 3D direction.
Proposal 4	Adopt the text proposal in Section 3 on 3D direction into the running CR.
[bookmark: _In-sequence_SDU_delivery] 
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