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Introduction
[bookmark: _Hlk506299356]The Rel. 16 NR positioning WID [1] lists the following RAN2 objective:

	Define extensions of LPP protocol to support GNSS SSR (PPP-RTK support) based on the “Compact SSR” definitions specified for QZSS [RAN2]
0. Note: Both, PPP and RTK, are already supported in Rel-15 LPP. The extensions are for PPP-RTK which requires additional info in Rel-16.



At RAN2#107, there was a discussion [2] about indicator flags for the SSR phase bias message, with the motivation that the target device benefits from awareness of which ambiguities and/or combinations of ambiguities are integer consistent. Such information improves the uncertainty assessments and enables more reliable positioning integrity assessments. In this paper, we discuss similar aspects, namely GNSS integer ambiguity level indications.
 
[bookmark: _Ref178064866]Discussion
The integer ambiguity level was discussed in Rel. 15 [3] in the context of transfer from a data stream associated to a current reference station to a new reference station. It was shown, that this transition was made smooth if the device is provided with information about the difference in integrity ambiguity level between the current and new reference station. 
An alternative is that the network processes the assistance data to ensure that the integer ambiguity levels are the same between all reference stations in a set.
This discussion is not traditionally seen as PPP-RTK since it concerns Network RTK. However, as shown in [4], the PPP-RTK solution operations can be transformed into the double difference ambiguity operations of NRTK, which means that the integer ambiguity level discussion fits into the wide transformable scope of PPP-RTK. 
From Navipedia [3] we have the following generic description of the phase measurement, the integer ambiguity N and the error contributions:
[image: http://www.navipedia.net/images/math/3/f/2/3f2b814de6ab2763bd683931cfa56079.png]
Where:
[image: http://www.navipedia.net/images/math/d/d/7/dd7536794b63bf90eccfd37f9b147d7f.png] is the signal path delay due to the ionosphere;
[image: http://www.navipedia.net/images/math/9/4/0/94059bb88074d280b6902283edb526c7.png] is the signal path delay due to the troposphere;
[image: http://www.navipedia.net/images/math/9/a/1/9a1c58d7637ab0c031d9954e7a5388dc.png] is the receiver clock offset from the reference (GPS) time;
[image: http://www.navipedia.net/images/math/c/e/0/ce051580a31299d13b1627af4e216b4d.png] is the satellite clock offset from the reference (GPS) time;
[image: http://www.navipedia.net/images/math/4/a/8/4a8a08f09d37b73795649038408b5f33.png] is the vacuum speed of light;
[image: http://www.navipedia.net/images/math/e/0/5/e05a30d96800384dd38b22851322a6b5.png] is the carrier nominal wavelength;
[image: http://www.navipedia.net/images/math/8/d/9/8d9c307cb7f3c4a32822a51922d1ceaa.png] is the ambiguity of the carrier-phase (integer number);
[image: http://www.navipedia.net/images/math/4/2/d/42d680c218d132a49ff2068ba35d6ce9.png] are the measurement noise components, including multipath and other effects;
[image: http://www.navipedia.net/images/math/f/7/f/f7f177957cf064a93e9811df8fe65ed1.png] is the geometrical range between the satellite and the receiver, computed as a function of the satellite [image: http://www.navipedia.net/images/math/d/d/e/dde36d6dd518675b0fed83b242a46896.png] and receiver [image: http://www.navipedia.net/images/math/9/9/a/99a0fd0280e1f6bd6e04cd55bb0211b2.png] coordinates as:
[image: http://www.navipedia.net/images/math/f/7/c/f7cc62e7f4317a2a613435db64b94f06.png].
Receivers then form the double difference equation
For two receivers a and b making simultaneous measurements at the same nominal time to satellites 1 and 2, the double difference observable is:

[image: http://www.navipedia.net/images/math/9/9/d/99d288d583f566a4159f61124ba89170.png]
Where
 	(4)
The integer ambiguity solution solved for  etc, where	(5)
For a UE denoted r (rover), and a current reference station c, the UE maintains the integer solutions  for the two satellites i and j. Eventually, when the UE has transferred to a new reference station n, the UE needs to solve for  instead. This will require some initialization time etc.
Fortunately, given (5), there is a relation between  and  that can be exploited:
	(6)
If =0 for all satellite pairs i and j, which is true if  for the new and current reference stations for all satellite pairs. If this is true, then the current and new reference stations are, from the UE’s perspective, said to be at the same integer ambiguity level. This means that if the network RTK solution has made an effort to ensure that the (non-physical) reference station measurements are at the same integer ambiguity level, then the transfer from one reference station to another of the device is significantly simplified, and more smooth.
Observation 1	With a network RTK solution where pairs of reference stations are at the same integer ambiguity level, the device precise positioning operation is significantly simplified, provided that the device is made aware about this fact.
Therefore, from robustness, uncertainty management and realtime integrity aspects, there are significant benefits for the device if pairs of reference stations are at the same integer ambiguity level and this information is provided to the device.
Proposal 1	Define signalling to provide information about whether and which reference station pairs that are at the same integrity ambiguity level. 
A draft text proposal with a suggested representation of the needed information can be found in Appendix A3.
Proposal 2	Introduce the text proposal in Appendix A into the running LPP CR  
Conclusion
Based on the discussion in section 2 we observe and propose the following:

Observation 1	With a network RTK solution where pairs of reference stations are at the same integer ambiguity level, the device precise positioning operation is significantly simplified, provided that the device is made aware about this fact.

Proposal 1	Define signalling to provide information about whether and which reference station pairs that are at the same integrity ambiguity level. 
Proposal 2	Introduce the text proposal in Appendix A into the running LPP CR  
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Appendix A1, Text Proposal to TS 36.355
[bookmark: _Toc494150486]6.5.2.2	GNSS Assistance Data Elements
[…]
[bookmark: _Toc12618312]–	GNSS-RTK-ReferenceStationInfo
The IE GNSS-RTK-ReferenceStationInfo is used by the location server to provide the Earth-centered, Earth-fixed (ECEF) coordinates 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},
	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),
	antennaHeight-r15						INTEGER (0..65535)					OPTIONAL, -- Need ON
	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
	...,
[[	equalIntegerAmbiguityLevel-r16			EqualIntegerAmbiguityLevel-r16		OPTIONAL
]]
}

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

AntennaReferencePointUnc-r15 ::= SEQUENCE {
	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
	...
}

EqualIntegerAmbiguityLevel-r16 ::= CHOICE{
	allReferenceStations-r16				BOOLEAN,
	referenceStationList-r16				ReferenceStationList
}

ReferenceStationList-r16 ::= SEQUENCE (SIZE(1..16)) OF GNSS-ReferenceStationID-r15


-- ASN1STOP

	Conditional presence
	[bookmark: _GoBack]Explanation

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



	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. 

	antennaDescriptor
This field provides an ASCII descriptor of the reference station antenna using IGS naming convention [31]. The descriptor can be used to look up model specific phase center corrections 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 high accuracy uncertainty of the X, Y, and Z-coordinate, respectively, as defined in TS 23.032 [15]. confidence-X, confidence-Y, and confidence-Z corresponds to confidence as defined in 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.

	equalIntegerAmbiguityLevel
This field specifies the integer ambiguity level of this reference station in relation to other reference stations. Either, the target device can assume that it is the same for all reference stations, or cannot assume that it is the same as other reference stations, or the target device is provided with a list of reference stations for which the integer ambiguity level can be assumed to be the same. 
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