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1	Introduction
The agreement on UE location aspects in NTN at RAN2 #115-e meeting as below [1]. 
Agreements:
1. If SA3 replies with concern on reporting UE location with any granularity during initial access, RAN2 will revisit agreement/solution for reporting UE location during initial access.
2. [bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK3][bookmark: OLE_LINK4]UE coarse location information refers to coarse GNSS coordinates (FFS on the details, e.g. X MSB bits out of 24 bits of longitude/latitude or GNSS coordinates with ~2km accuracy). FFS if any enhancements to validate the UE’s coarse location information is needed. FFS whether this is only used in initial access or also in connected

Agreements online:
1. If accepted by SA3, if the gNB has user consent to obtain UE location in NTN, reporting of finer location information/full GNSS coordinates in RRC_CONNECTED can be supported after AS security is enabled
2. Periodic location reporting can also be configured by gNB to obtain UE location update of mobile UEs in RRC_CONNECTED. RAN2 discuss whether it is part of existing periodic measurement report configuration or a new configuration for periodic reporting of UE location.

This document will discuss the FFS on the details of UE coarse location information (e.g. X MSB bits out of 24 bits of longitude/latitude or GNSS coordinates with ~2km accuracy).
[bookmark: _Toc497230266][bookmark: _Toc497230267]2	Discussion
2.1 Shapes defined in 3GPP
According to the locationCoordinate definition in TS 38.331[2] below, it refers to the LocationCoordinates in TS 37.355[3] which refers to the geographic shape defined in TS 23.032[4].
There are kinds of shapes defined in TS 23.032[4]:
The intention is to incorporate a number of different shapes, that can be chosen according to need.
-	Ellipsoid Point;
-	Ellipsoid point with uncertainty circle;
-	Ellipsoid point with uncertainty ellipse;
-	Polygon;
-	Ellipsoid point with altitude;
-	Ellipsoid point with altitude and uncertainty ellipsoid;
-	Ellipsoid Arc;
-	High Accuracy Ellipsoid point with uncertainty ellipse;
-	High Accuracy Ellipsoid point with altitude and uncertainty ellipsoid;
-	Shapes relevant to Local Co-ordinates:
-	Local 2D point with uncertainty ellipse (only in 5GS);
-	Local 3D point with uncertainty ellipsoid (only in 5GS).
Each shape is discussed individually.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: _Toc27765158][bookmark: _Toc37680815][bookmark: _Toc46486385][bookmark: _Toc52546730][bookmark: _Toc52547260][bookmark: _Toc52547790][bookmark: _Toc52548320][bookmark: _Toc67780410]The location shape which is reported from UE to LMF in TS 37.355 follows the Ellipsoid Point type defined in TS 23.032:
------------------------- LocationCoordinates in TS 37.355[3]-------------------------------------------------------------------------
–	Ellipsoid-Point
The IE Ellipsoid-Point is used to describe a geographic shape as defined in TS 23.032 [15].
-- ASN1START

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

-- ASN1STOP
------------------------- LocationCoordinates in TS 37.355[3]  ------------------------------------------------------------------------
Observation1: Shapes relevant to Local Co-ordinates are defined in 3GPP:
-	Local 2D point with uncertainty ellipse (only in 5GS);
-	Local 3D point with uncertainty ellipsoid (only in 5GS).

It is agreed by RAN2 that UE coarse location information refers to coarse GNSS coordinates (FFS on the details, e.g. X MSB bits out of 24 bits of longitude/latitude or GNSS coordinates with ~2km accuracy) [1]. The exsiting candidate solutions both follows the definition as below: 
- Option 1: X MSB bits out of 24 bits of longitude/latitude 
- Option 2: GNSS coordinates with ~2km accuracy 24 bits of longitude/latitude
The above two candidate solutions both follows Ellipsoid Point type: 
	latitudeSign				ENUMERATED {north, south},
	degreesLatitude				INTEGER (0..8388607),			-- 23 bit field
	degreesLongitude			INTEGER (-8388608..8388607)		-- 24 bit field
However it seems that shapes relevant to Local Co-ordinates (e.g. Local 3D point with uncertainty ellipsoid (only in 5GS).) which is defined in TS 23.032 is better to report UE coarse location information in NTN compared with Ellipsoid Point type.
The local Cartesian co-ordinates system as reference location in TS 23.032[4] and TS 29.572[5] will only report UE’s RelativeCartesianLocation information which is relative with the local origin. It means that UE won't show its global location info via Uu. 
	localOrigin
	LocalOrigin
	M
	1
	Indicates the local origin in the local Cartesian co-ordinates system configured by the PLMN operator.

	point
	RelativeCartesianLocation
	M
	1
	Indicates a 3D-point (specified by "x", "y" and "z" coordinates) relative to origin in reference system.



Proposal 1: RAN2 to agree that UE coarse location information in NTN follows the Local Co-ordinates which includes LocalOrigin and RelativeCartesianLocation well defined in TS 23.032[4] and TS 29.572[5], including:
-	Local 2D point with uncertainty ellipse (only in 5GS);
-	Local 3D point with uncertainty ellipsoid (only in 5GS).

2.2 Stage-3 impact of Local Co-ordinates
The Local Co-ordinates are described in TS 23.032 and the structure of local 2D/3D point with uncertainty ellipse is defined in clause 6.1.6.2.38 in TS 29.572.
[bookmark: _Toc67980265][bookmark: _Toc83207324]5.8	Local 2D point with uncertainty ellipse
The "local 2D point with uncertainty ellipse" is characterised by a point described in 2D local co-ordinates with origin in a known reference location, distances r1 and r2 and an angle of orientation A. The local Cartesian co-ordinates system and the reference location shall be identified with a unique identifier. It describes formally the set of points which fall within or on the boundary of an ellipse with semi-major axis of length r1 oriented at angle A (0 to 180o) measured clockwise from north and semi-minor axis of length r2. The confidence level with which the position of a target entity is included within this set of points is also included with this shape.
This shape is only applicable to 5GS.
[bookmark: _Toc67980266]The structure of local 2D point with uncertainty ellipse is defined in clause 6.1.6.2.38 in TS 29.572 [4].
[bookmark: _Toc83207325]5.9	Local 3D point with uncertainty ellipsoid
[bookmark: _Hlk67050984]The "local 3D point with uncertainty ellipsoid" is characterised by a point described in 3D local co-ordinates with origin in a known reference location, distances r1 (the "semi-major uncertainty"), r2 (the "semi-minor uncertainty") and r3 (the "vertical uncertainty") and an angle of orientation A (the "angle of the major axis"). The local Cartesian co-ordinates system and the reference location shall be identified with a unique identifier. It describes formally the set of points which fall within or on the surface of a general (three dimensional) ellipsoid centred on a 3D point whose real semi-major, semi-mean and semi-minor axis are some permutation of r1, r2, r3 with r1  r2. The r3 axis is aligned vertically, while the r1 axis, which is the semi-major axis of the ellipse in a horizontal plane, is oriented at an angle A (0 to 180 degrees) measured clockwise from north. The confidence level with which the position of a target entity is included within the shape is also included.
This shape is only applicable to 5GS.
The structure of local 3D point with uncertainty ellipsoid is defined in clause 6.1.6.2.39 in TS 29.572 [4].
The structure of local 2D/3D point with uncertainty ellipsoid has been defined on TS 29.572[5] and Uu can refer to the data structure:
	LocalOrigin
	6.1.6.2.36
	Indicates a Local origin in a reference system.

	RelativeCartesianLocation
	6.1.6.2.37
	Relative Cartesian Location

	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Local2dPointUncertaintyEllipse
	6.1.6.2.38
	Local 2D point with uncertainty ellipse

	Local3dPointUncertaintyEllipsoid
	6.1.6.2.39
	Local 3D point with uncertainty ellipsoid


[bookmark: _Toc74993789][bookmark: _Toc82716377]6.1.6.2.36	Type: LocalOrigin
Table 6.1.6.2.X-1: Definition of type LocalOrigin
	[bookmark: _Hlk69227548]Attribute name
	Data type
	P
	Cardinality
	Description

	coordinateId
	string
	M
	1
	This IE defines a known reference point which configured by the PLMN operator

	point
	GeographicalCoordinates
	O
	0..1
	Indicates a geographic point represented by its longitude and latitude.


A known reference point i.e. LocalOrigin in the local 2D/3D point can be defined by the PLMN operator, indicating a geographic point represented by its longitude and latitude. The localorigin in Local2dPointUncertaintyEllipse can be broadcast to UEs or configured to UE via the dedicate signalling.

Proposal 2: RAN2 to discuss how to support the known reference point which is configured by the PLMN operator:
- Option A: Broadcast the reference point to UEs in SI message 
- Option B: Configured the reference point to UE via the dedicate signalling.

[bookmark: _Toc74993790][bookmark: _Toc82716378]6.1.6.2.37	RelativeCartesianLocation
Table 6.1.6.2.A-1: Definition of type RelativeCartesianLocation
	Attribute name
	Data type
	P
	Cardinality
	Description

	x
	Float
	M
	1
	Indicates the value (in the unit of meters) on x-axis of the relative location in the cartesian system.

Positive value represents northing from reference point (origin).

	y
	Float
	M
	1
	Indicates the value (in the unit of meters) on y-axis of the relative location in the cartesian system.

Positive value represents easting from reference point (origin).

	z
	Float
	O
	0..1
	Indicates the value (in the unit of meters) on z-axis of the relative location in the cartesian system for a 3D-Point.

Positive value represents height above reference point (origin).



[bookmark: _Toc66101648][bookmark: _Toc74993791][bookmark: _Toc82716379]6.1.6.2.38	Type: Local2dPointUncertaintyEllipse
Table 6.1.6.2.Y-1: Definition of type Local2dPointUncertaintyEllipse
	Attribute name
	Data type
	P
	Cardinality
	Description

	shape
	SupportedGADShapes
	M
	1
	It shall take the value "LOCAL_2D_POINT_UNCERTAINTY_ELLIPSE".

	localOrigin
	LocalOrigin
	M
	1
	Indicates the local origin in the local Cartesian co-ordinates system configured by the PLMN operator.

	point
	RelativeCartesianLocation
	M
	1
	Indicates a 2D-point (specified by "x" and "y" coordinates) relative to origin in refenrece system.


	uncertaintyEllipse
	UncertaintyEllipse
	M
	1
	Indicates an uncertainty ellipse.

	confidence
	Confidence
	M
	1
	Indicates the value of confidence.


The UE location with ~2km accuracy which is agreed in RAN2 can be set in the uncertaintyEllipse to show the accuracy of UE’s location.
[bookmark: _Toc74993792][bookmark: _Toc82716380][bookmark: OLE_LINK10][bookmark: OLE_LINK11]6.1.6.2.39	Type: Local3dPointUncertaintyEllipsoid
Table 6.1.6.2.Z-1: Definition of type Local3dPointUncertaintyEllipsoid
	Attribute name
	Data type
	P
	Cardinality
	Description

	shape
	SupportedGADShapes
	M
	1
	It shall take the value "LOCAL_3D_POINT_UNCERTAINTY_ELLIPSOID".

	localOrigin
	LocalOrigin
	M
	1
	Indicates the local origin in the local Cartesian co-ordinates system configured by the PLMN operator.

	point
	RelativeCartesianLocation
	M
	1
	Indicates a 3D-point (specified by "x", "y" and "z" coordinates) relative to origin in refenrece system.

	uncertaintyEllipsoid
	UncertaintyEllipsoid
	M
	1
	Indicates the uncertainty ellipsoid

	confidence
	Confidence
	M
	1
	Indicates the value of confidence.


However RAN2 doesn’t discuss the uncertainty of 3D location yet. If UE is required to report its 3D location, the accuracy height should be discussed in RAN2 at first. From TA and  CN requirement to height perspective, the accuracy of 2KM is good enough. It seems that the accuracy of height is around 500m is enough.
Proposal 3: RAN2 to discuss if the accuracy of height in UE’s coarse location can be 500m.
The value on x-axis/y-axis/z-axis of the relative location in the RelativeCartesianLocation system is in the unit of meters. The rang of x/y value is around -1,000,000m ~ 1,000,000m, the rang of z value is around -1,000,000m ~ 1,000,000m.
Proposal 4: RAN2 to discuss and agree the rang of x/y/z value in Local2dPoint and Local3dPoint is around
-1,000,000m ~ 1,000,000m.

3	Conclusion
The following observations and proposals have been made on UE coarse location information report in NTN:
Observation1: Shapes relevant to Local Co-ordinates are defined in 3GPP:
-	Local 2D point with uncertainty ellipse (only in 5GS);
-	Local 3D point with uncertainty ellipsoid (only in 5GS).

Proposal 1: RAN2 to agree that UE coarse location information in NTN follows the Local Co-ordinates which includes LocalOrigin and RelativeCartesianLocation well defined in TS 23.032[4] and TS 29.572[5], including:
-	Local 2D point with uncertainty ellipse (only in 5GS);
-	Local 3D point with uncertainty ellipsoid (only in 5GS).

Proposal 2: RAN2 to discuss how to support the known reference point which is configured by the PLMN operator:
- Option A: Broadcast the reference point to UEs in SI message 
- Option B: Configured the reference point to UE via the dedicate signalling.

Proposal 3: RAN2 to discuss if the accuracy of height in UE’s coarse location can be 500m.

Proposal 4: RAN2 to discuss and agree the rang of x/y/z value in Local2dPoint and Local3dPoint is around 
[bookmark: _GoBack]-1,000,000m ~ 1,000,000m.
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