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Introduction
[bookmark: _Hlk506299356]During the WI, the GNSS RTK assistance data representation has almost converged, leaving only a few open issues. The relevant RTCM messages have been represented in LPP ASN.1. 
Any coordinates of physical or non-physical reference stations are provided in ECEF (earth-centered, earth-fixed) as described in RTCM 3.3 [1]. GPS operates in an Earth-Centered Earth Fixed (ECEF) reference frame. This reference frame is described by the WGS 84 ellipsoid model of the earth. WGS 84 differs from traditional geoid-based geodetic datums in that it is global in scope and does not have an absolute reference point on the earth. To effectively use the relative accuracy of DGPS for many applications it needs to be related to the local datum. Traditional geodetic datums or "local" datums have a central reference point on which the rest of the datum is based [1].
The dynamic earth causes movements of the tectonic plates on the order of centimetres per year [1]. 
The regional map captures the updated earth movements which is not represented by global ECEF. Thus, there is need to translate the global ECEF co-ordinates to local regional maps in the map management system in the devices.
This contribution addresses this concern of the current working assumption of the reference frame used to represent coordinates and discusses whether coordinates also should be provided in an additional, optional reference frame.
Discussion
The problem with the ECEF coordinates is that they need to be translated to a regional reference frame in which regional maps are represented to not only get an accurate position but also an accurate alignment with the regional map. This is very critical when the accurate positions are used for autonomous driving etc.
RTCM 3.3 [1] also includes a discussion about coordinate transformation aspects in section 3.5.11 via dedicated messages. These messages are [1021]-[1027], which have not yet been discussed in this work item. 
Observation 1:	Coordinate transformations are critical in order to ensure that accurate position estimates based on GNSS RTK are accurately aligned with regional maps.  
Observation 2:	The coordinate transformation messages in RTCM 3.3 have not been addressed in this 3GPP work item 
Coordinate transformations are complex and often error prone. In reference [1], the situation with coordinate transformations and different reference frames is also identified as confusing. An alternative is to allow the coordinates of entities in the currently defined information elements optionally be defined in a different reference frame than ECEF – a regional reference frame that already is accurately aligned with the regional maps, suitable for autonomous vehicles. 
Observation 3:	If coordinates of entities are already associated to a reference frame that is accurately aligned with regional maps, then the matching between estimated positions and maps becomes more reliable, without the overhead of handling different coordinate transformations.
Based on the observations, we have the following proposal:
Proposal 1:	Introduce an optional reference frame field in association to additional optional coordinates of entities in the LPP running CR.
There are some listings of different regional reference frames, such as [2], but these also tend to be very regional less relevant for automotive use cases. There are also efforts such as [3] to define reference frames that are widely relevant also across country boundaries. Clearly, it is difficult to compile a list of appropriate reference frames that are relevant both at this time and as times go by, since the crest of the earth is transforming over time. Still, there is clear value form using an agreed upon reference frame that is aligned with regional maps where the device operates. 
Observation 4:	It is difficult to compile a reasonably short list of relevant reference frames for coordinates of entities that also is valid over time
Therefore, we believe that it is better to introduce an optional visible string field to represent the reference frame, and it will be up to implementation to associate the reference frame to the correct map data.  
Proposal 2:	Define the optional reference frame field as a Visible String
In the Appendix A, we provide text proposals based on the running CR to introduce the optional reference frame information. 
Proposal 3:	Agree to include the text proposals in the Appendix A into the LPP running CR.
Conclusion
In the discussion, we have the observations:
Observation 1:	Coordinate transformations are critical in order to ensure that accurate position estimates based on GNSS RTK are accurately aligned with regional maps.  
Observation 2:	The coordinate transformation messages in RTCM 3.3 have not been addressed in this 3GPP work item 
Observation 3:	If coordinates of entities are already associated to a reference frame that is accurately aligned with regional maps, then the matching between estimated positions and maps becomes more reliable, without the overhead of handling different coordinate transformations.
Observation 4:	It is difficult to compile a reasonably short list of relevant reference frames for coordinates of entities that also is valid over time

Based on the discussion in section 2 we propose the following
Proposal 1:	Introduce an optional reference frame field in association to additional optional coordinates of entities in the LPP running CR.
[bookmark: _In-sequence_SDU_delivery]Proposal 2:	Define the optional reference frame field as a Visible String
Proposal 3:	Agree to include the text proposals in the Appendix A into the LPP running CR.
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Appendix A Text Proposal for TS 36.355
[bookmark: _Toc494150486]6.5.2.2	GNSS Assistance Data Elements
[…]
–	GNSS-RTK-ReferenceStationInfo
[bookmark: _Hlk499115237]The IE GNSS-RTK-ReferenceStationInfo is used by the location server to provide the Earth-centered, Earth-fixed (ECEF) coordinates, or coordinates in the optionally configured geodetic reference frame, of the antenna reference point (ARP) of the stationary reference station for which the GNSS‑RTK‑Observations assistance data are provided together with reference station antenna description. 
The parameters provided in IE GNSS-RTK-ReferenceStationInfo are used as specified for message type 1006, 1033 and 1032 in [30].
-- ASN1START

GNSS-RTK-ReferenceStationInfo-r15 ::= SEQUENCE {
	referenceStationID-r15					GNSS-ReferenceStationID-r15,
	referenceStationIndicator-r15			ENUMERATED {physical, non-physical},
	geoRefFrame-r15							VisibleString (SIZE (1..32)) 		OPTIONAL, -- Need OP
	antenna-reference-point-ECEF-X-r15		INTEGER (-137438953472..137438953471),
	antenna-reference-point-ECEF-Y-r15		INTEGER (-137438953472..137438953471),
	antenna-reference-point-ECEF-Z-r15		INTEGER (-137438953472..137438953471),
	geoRefFrame-r15							VisibleString (SIZE (1..32)) 		OPTIONAL, -- Need OP
	antenna-reference-point-RefFrame-X-r15	INTEGER (-137438953472..137438953471)	
																				OPTIONAL, -- Cond RF
	antenna-reference-point-RefFrame-Y-r15	INTEGER (-137438953472..137438953471) 	
																				OPTIONAL, -- Cond RF
	antenna-reference-point-RefFrame-Z-r15	INTEGER (-137438953472..137438953471) 	
																				OPTIONAL, -- Cond RF
	antennaHeight-r15						INTEGER (0..65535)					OPTIONAL, -- Need ON
[bookmark: _Hlk499115228]	antennaDescription-r15					AntennaDescription-r15				OPTIONAL, -- Need ON	antenna-reference-point-unc-r15			AntennaReferencePointUnc-r15		OPTIONAL, -- Need ON
	physical-reference-station-info-r15		PhysicalReferenceStationInfo-r15	OPTIONAL, -- Cond NP
	...
}

[bookmark: _Hlk499118114]AntennaDescription-r15 ::= SEQUENCE {
	antennaDescriptor-r15					VisibleString (SIZE (1..256)),
	antennaSetUpID-r15						ENUMERATED { non-zero }				OPTIONAL, -- Need OP
	...
}

AntennaReferencePointUnc-r15 ::= SEQUENCE {
[bookmark: _Hlk512407035]	uncertainty-X-r15						INTEGER (0..255),
	confidence-X-r15						INTEGER (0..100),
	uncertainty-Y-r15						INTEGER (0..255),
	confidence-Y-r15						INTEGER (0..100),
	uncertainty-Z-r15						INTEGER (0..255),
	confidence-Z-r15						INTEGER (0..100),
	...
}

PhysicalReferenceStationInfo-r15 ::= SEQUENCE {
	physicalReferenceStationID-r15			GNSS-ReferenceStationID-r15,
	physical-ARP-ECEF-X-r15					INTEGER (-137438953472..137438953471),
	physical-ARP-ECEF-Y-r15					INTEGER (-137438953472..137438953471),
	physical-ARP-ECEF-Z-r15					INTEGER (-137438953472..137438953471),
	physical-ARP-unc-r15					AntennaReferencePointUnc-r15		OPTIONAL, -- Need ON
	physical-ARP-RefFrame-X-r15				INTEGER (-137438953472..137438953471)	
																				OPTIONAL, -- Cond RF
	physical-ARP-RefFrame-Y-r15				INTEGER (-137438953472..137438953471) 	
																				OPTIONAL, -- Cond RF
	physical-ARP-RefFrame-Z-r15				INTEGER (-137438953472..137438953471) 	
																				OPTIONAL, -- Cond RF
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	NP
	The field is optionally present, need ON, if the referenceStationIndicator has the value ‘non-physical’; otherwise it is not present.

	RF
	The field is present if the field geoRefFrame is present; otherwise it is not present



[bookmark: _GoBack]
	GNSS-RTK-ReferenceStationInfo field descriptions

	referenceStationID
The Reference Station ID is determined by the RTK service provider.

	referenceStationIndicator
This fields specifies type of reference station. Enumerated value physical indicates a real, physical reference station; value non-physical indicates a non-physical or computed reference station.

	antenna-reference-point-ECEF-X
This field specifies the antenna reference point X-coordinate in the World Geodetic System 1984 (WGS 84) datum
Scale factor 0.0001 m; range ±13,743,895.3471 m.

	antenna-reference-point-ECEF-Y
This field specifies the antenna reference point Y-coordinate in the World Geodetic System 1984 (WGS 84) datum. 
Scale factor 0.0001 m; range ±13,743,895.3471 m.

	antenna-reference-point-ECEF-Z
This field specifies the antenna reference point Z-coordinate in the World Geodetic System 1984 (WGS 84) datum. 
Scale factor 0.0001 m; range ±13,743,895.3471 m.

	antennaHeight
This field specifies the height of the Antenna Reference Point above the marker used in the survey campaign.
Scale factor 0.0001 m; range 0–6.5535 m. 

	geoRefFrame
This fields specifies the reference frame of the additional coordinates in this information element

	antenna-reference-point-RefFrame-X
This field specifies the antenna reference point X-coordinate in the reference frame defined by geoRefFrame.
Scale factor 0.0001 m; range ±13,743,895.3471 m.

	antenna-reference-point-RefFrame-Y
This field specifies the antenna reference point Y-coordinate in the reference frame defined by geoRefFrame.
Scale factor 0.0001 m; range ±13,743,895.3471 m.

	antenna-reference-point-RefFrame-Z
This field specifies the antenna reference point Z-coordinate in the reference frame defined by geoRefFrame.
Scale factor 0.0001 m; range ±13,743,895.3471 m.

	antennaDescriptor
This field provides an ASCII descriptor of the reference station antenna using IGS naming convention. The descriptor can be used to look up model specific details of that antenna.

	antennaSetUpID
This field, if present, indicates that the standard IGS Model is not valid (≠ 0 [30]). If this field is absent the standard IGS Model is valid (‘0 = Use standard IGS Model’ [30]).

	antenna-reference-point-unc
This field specifies the uncertainty of the ARP coordinates. uncertainty-X, uncertainty-Y, and uncertainty-Z correspond to the encoded uncertainty of the X, Y, and Z-coordinate, respectively, for a High accuracy 3D point as defined in 3GPP TS 23.032 [15]. confidence-X, confidence-Y, and confidence-Z corresponds to confidence as defined in 3GPP TS 23.032 [15].

	physical-reference-station-info
This field provides the earth-centered, earth-fixed (ECEF) coordinates of the antenna reference point (ARP) for the real (or "physical") reference station used. This field may be used in case of the non-physical reference station approach to allow the target device to refer baseline vectors to a physical reference rather than to a non-physical reference without any connection to a physical point.

	physicalReferenceStationID
This field specifies the station ID of a real reference station, when the referenceStationIndicator has the value ‘non-physical’.

	physical-ARP-ECEF-X 
This field specifies the antenna reference point X-coordinate in the World Geodetic System 1984 (WGS 84) datum. 
Scale factor 0.0001 m; range ±13,743,895.3471 m.

	physical-ARP-ECEF-Y
This field specifies the antenna reference point Y-coordinate in the World Geodetic System 1984 (WGS 84) datum. 
Scale factor 0.0001 m; range ±13,743,895.3471 m.

	physical-ARP-ECEF-Z
This field specifies the antenna reference point Z-coordinate in the World Geodetic System 1984 (WGS 84) datum. 
Scale factor 0.0001 m; range ±13,743,895.3471 m.

	physical-ARP-unc
This field specifies the uncertainty of the ARP coordinates.

	physical-ARP-RefFrame-X 
This field specifies the antenna reference point X-coordinate in the reference frame defined by geoRefFrame. 
Scale factor 0.0001 m; range ±13,743,895.3471 m.

	physical-ARP-RefFrame-Y
This field specifies the antenna reference point Y-coordinate in the reference frame defined by geoRefFrame. 
Scale factor 0.0001 m; range ±13,743,895.3471 m.

	physical-ARP-RefFrame-Z
This field specifies the antenna reference point Z-coordinate in reference frame defined by geoRefFrame. 
Scale factor 0.0001 m; range ±13,743,895.3471 m.



[…]
–	GNSS-RTK-AuxiliaryStationData
The IE GNSS-RTK-AuxiliaryStationData is used by the location server to provide the coordinates of the antenna reference point (ARP) of Auxiliary Reference Stations, relative to the coordinates provided in IE GNSS‑RTK‑ReferenceStationInfo. The reference station provided in IE GNSS-RTK-ReferenceStationInfo is the Master Reference Station. Therefore, one Master Reference Station with its associated Auxiliary Stations is used in a single Provide Assistance Data message.
The parameters provided in IE GNSS-RTK-AuxiliaryStationData are used as specified for message type 1014 in [30].
-- ASN1START

GNSS-RTK-AuxiliaryStationData-r15 ::= SEQUENCE {
	networkID-r15					GNSS-NetworkID-r15,
	subNetworkID-r15				GNSS-SubNetworkID-r15					OPTIONAL,	-- Need ON
	master-referenceStationID-r15	GNSS-ReferenceStationID-r15,
	auxiliaryStationList-r15		AuxiliaryStationList-r15,
	...
}

AuxiliaryStationList-r15 ::= SEQUENCE (SIZE (1..32)) OF AuxiliaryStationElement-r15


AuxiliaryStationElement-r15 ::= SEQUENCE {
	aux-referenceStationID-r15				GNSS-ReferenceStationID-r15,
	aux-master-delta-latitude-r15			INTEGER (-524288..524287),
	aux-master-delta-longitude-r15			INTEGER (-1048576..1048575),
	aux-master-delta-height-r15				INTEGER (-4194304..4194303),
	aux-ARP-unc-r15							Aux-ARP-Unc-r15					OPTIONAL,	-- Need ON
	aux-master-RefFrame-delta-X-r15			INTEGER (-268435456..268435455) OPTIONAL, 	-- Cond RF 
	aux-master-RefFrame-delta-Y-r15			INTEGER (-268435455..268435455) OPTIONAL, 	-- Cond RF
	aux-master-RefFrame-delta-Z-r15			INTEGER (-4194304..4194303) 	OPTIONAL, 	-- Cond RF
	...
}

Aux-ARP-Unc-r15 ::= SEQUENCE {
	horizontalUncertainty-r15				INTEGER (0..255),
	horizontalConfidence-r15				INTEGER (0..100),
	verticalUncertainty-r15					INTEGER (0..255)				OPTIONAL,	-- Need ON
	verticalConfidence-r15					INTEGER (0..100)				OPTIONAL,	-- Need ON
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	RF
	The field is present if the field geoRefFrame is present; otherwise it is not present



	GNSS-RTK-AuxiliaryStationData field descriptions

	networkID
This field defines the network and the source of the particular set of reference stations and their observation information. The RTK service provider should ensure that the networkID is unique in the region serviced. The networkID indicates an area and its reference stations where the service providers will provide a homogenous solution with levelled integer ambiguities between its reference stations. In general, the area indicated by networkID will comprise one subnetwork with a unique subNetworkID. 

	subNetworkID
This field identifies the subnetwork of a network identified by networkID. In general the area indicated by networkID will consist of one subnetwork. The subNetworkID indicates the actual solution number of integer ambiguity level. If one network has only one subnetwork, this indicates that an ambiguity level throughout the whole network is established.

	master-referenceStationID
This field identifies the Master Reference Station.

	aux-referenceStationID 
This field identifies the Auxiliary Reference Station. 

	aux-master-delta-latitude
This field provides the delta value in latitude of Antenna Reference Point of "Auxiliary Reference Station minus Master Reference Station" in geographical coordinates based on GRS80 ellipsoid parameters for the same ECEF system as used in IE GNSS‑RTK‑ReferenceStationInfo. 
Scale factor 25×10-6 degrees; range ±13.1071 degrees.

	aux-master-delta-longitude
This field provides the delta value in longitude of Antenna Reference Point of "Auxiliary Reference Station minus Master Reference Station" in geographical coordinates based on GRS80 ellipsoid parameters for the same ECEF system as used in IE GNSS‑RTK‑ReferenceStationInfo. 
Scale factor 25×10-6 degrees; range ±26.2142 degrees.

	aux-master-delta-height
This field provides the delta value in ellipsoidal height of Antenna Reference Point of "Auxiliary Reference Station minus Master Reference Station" in geographical coordinates based on GRS80 ellipsoid parameters for the same ECEF system as used in IE GNSS‑RTK‑ReferenceStationInfo. 
Scale factor 1 milli-meter; range ±4194.303 m. 

	aux-master-RefFrame-delta-X
This field provides the delta value in the X-coordinate based on the reference frame defined by the field geoRefFrame 
Scale factor 0.0001 m; range ±26,843.5456 m.

	aux-master-RefFrame-delta-Y
This field provides the delta value in the Y-coordinate based on the reference frame defined by the field geoRefFrame 
Scale factor 0.0001 m; range ±26,843.5456m.

	aux-master-RefFrame-delta-Z
This field provides the delta value in the Z-coordinate based on the reference frame defined by the field 
Scale factor 1 milli-meter; range ±4194.303 m. 

	aux-ARP-unc
This field specifies the uncertainty of the auxiliary station ARP coordinates and comprise the following fields:
-	horizontalUncertainty indicates the horizontal uncertainty of the ARP latitude/longitude. The ‘horizontalUncertainty’ corresponds to the encoded uncertainty for a High accuracy 3D point as defined in 3GPP TS 23.032 [15] and ‘horizontalConfidence’ corresponds to confidence as defined in 3GPP TS 23.032 [15].
-	verticalUncertainty indicates the vertical uncertainty of the ARP altitude. The ‘verticalUncertainty’ corresponds to the encoded uncertainty for a High accuracy 3D point as defined in 3GPP TS 23.032 [15] and ‘verticalConfidence’ corresponds to confidence as defined in 3GPP TS 23.032 [15].
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