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1	Introduction
In RAN#91e, the WI for positioning (3GPP, March 16-26, 2021) has been updated with the following objectives [1]:
	· Specify the signalling, and procedures to support GNSS positioning integrity determination, including [RAN2, RAN3]:
· The assistance information that will be used to support integrity determination
· The information that will be used to provide the positioning integrity KPIs and integrity results
· Support of integrity for UE-based and UE-assisted A-GNSS positioning.
Note: This objective is applicable to NR and E-UTRA.



In this paper, we discuss the GNSS integrity agenda items.
[bookmark: _Ref178064866]2 	Discussions
2.1	General approach to integrity procedures
Integrity is seemingly a new concept within positioning. Therefore, one may opt for new procedures, messages and information elements. However, there is also an option to extend existing procedures, messages and information elements to accommodate positioning.
For example, basic integrity is already supported for GNSS via the GNSS-RealTimeIntegrity and several measurements and assistance data attributes come with uncertainties and quality indicators. Therefore, it seems to be natural to start investigating to what extent the existing procedure and structures can be extended to accommodate integrity
[bookmark: _Toc92793043]Existing procedures, messages and information elements already includes integrity components and extensions to accommodate integrity seems plausible.
[bookmark: _Toc92793056]As baseline, use existing procedures, messages and information elements with extensions to accommodate positioning integrity.
Sometimes, extending complex information elements may result in large overhead when distributing the new information, for example due to existing mandatory fields and/or costs of extensions etc, This is important to analyse, especially since the designed new or extensions to existing information elements are also subject to broadcast via posSIBs.
[bookmark: _Toc92793057]Analyse different signalling design options for integrity based on encoded IE costs for some typical examples 

2.2	OSR quality indicators 
For OSR, the assistance data has been leveraged by the RTCM MSM message definitions and it is natural that the RTCM MSM are used as input to the location server, which translates into 3GPP LPP.
The RTCM MSM messages are generically represented by the IE GNSS-RTK-Observations-r15 with optional fields to enable representation of all the MSM types. The RTCM MSM types are listed in Table 1 below. 
Table 1. MSM types, satellite signal attributes, from table 3.5-71 [2]
	MSM Type
	Message Name

	MSM1
	Compact GNSS Pseudoranges

	MSM2
	Compact GNSS PhaseRanges

	MSM3
	Compact GNSS Pseudoranges and PhaseRanges

	MSM4
	Full GNSS Pseudoranges and PhaseRanges plus Carrier to Noise Ratio

	MSM5
	Full GNSS Pseudoranges, PhaseRanges, PhaseRangeRate and Carrier to Noise Ratio

	MSM6
	Full GNSS Pseudoranges and PhaseRanges plus Carrier to Noise Ratio (high resolution)

	MSM7
	Full GNSS Pseudoranges, PhaseRanges, PhaseRangeRate and Carrier to Noise Ratio (high resolution)



Table 2 further lists the attribute resolution per MSM types in terms of standard or high resolution.
Table 2. MSM satellite signal attribute resolutions, standard or high.
	Attribute
	MSM1
	MSM2
	MSM3
	MSM4
	MSM5
	MSM6
	MSM7

	GNSS signal fine Pseudoranges
	Std
	
	Std
	Std
	Std
	High
	High

	GNSS signal fine Phaserange data
	
	Std
	Std
	Std
	Std
	High
	High

	GNSS Phaserange Lock Time Indicator
	
	Std
	Std
	Std
	Std
	High
	High

	Half-cycle ambiguity indicator
	
	-
	-
	-
	-
	-
	-

	GNSS signal Carrier-to-Noise Ratio
	
	
	
	Std
	Std
	High
	High

	GNSS signal fine Phaserange Rates
	
	
	
	
	Std
	
	High



The MSM6 and MSM7 provides observations in high resolution, while the other MSM types provide observations in standard resolution. For the IE GNSS-RTK-Observations-r15, all the attributes are represented according to the high resolution. 
-- ASN1START

GNSS-RTK-Observations-r15 ::= SEQUENCE {
	epochTime-r15							GNSS-SystemTime,
	gnss-ObservationList-r15				GNSS-ObservationList-r15,
	...
}

GNSS-ObservationList-r15 ::= SEQUENCE (SIZE(1..64)) OF GNSS-RTK-SatelliteDataElement-r15

GNSS-RTK-SatelliteDataElement-r15 ::= SEQUENCE{
	svID-r15								SV-ID,
	integer-ms-r15							INTEGER (0..254)				OPTIONAL,	-- Need ON
	rough-range-r15							INTEGER (0..1023),
	rough-phase-range-rate-r15				INTEGER (-8192..8191)			OPTIONAL,	-- Need ON
	gnss-rtk-SatelliteSignalDataList-r15	GNSS-RTK-SatelliteSignalDataList-r15,
	...
}

GNSS-RTK-SatelliteSignalDataList-r15 ::= SEQUENCE (SIZE(1..24)) OF
														GNSS-RTK-SatelliteSignalDataElement-r15


GNSS-RTK-SatelliteSignalDataElement-r15 ::= SEQUENCE {
	gnss-SignalID-r15					GNSS-SignalID,
	fine-PseudoRange-r15				INTEGER (-524288..524287),
	fine-PhaseRange-r15					INTEGER (-8388608..8388607),
	lockTimeIndicator-r15				INTEGER (0..1023),
	halfCycleAmbiguityIndicator-r15		BIT STRING (SIZE (1)),
	carrier-to-noise-ratio-r15			INTEGER (0..1023)					OPTIONAL,	-- Need ON
	fine-PhaseRangeRate-r15				INTEGER (-16384..16383)				OPTIONAL,	-- Need ON
	...
}

-- ASN1STOP

For a UE, especially based on a legacy positioning engine defined for RTCM MSM, one possible handling of the 3GPP LPP IE is to translate that into MSM and forward to the positioning engine. In this case, it is not possible for the UE to determine if the IE originates from MSM4 or MSM6, or from MSM5 or MSM7. Furthermore, the device may use the standard/high resolution information to assess the observation uncertainty in addition to the RTK residuals information.
[bookmark: _Toc61275261][bookmark: _Toc92793044]It is not possible to determine if an IE GNSS-RTK-Observations-r15 originates from MSM4 or MSM6, of from MSM5 or MSM7.
[bookmark: _Toc61275262][bookmark: _Toc92793045]Devices that internally translates the obtained GNSS-RTK-Observations-r15 into corresponding MSM cannot correctly do that.
A simple indication can solve this issue – by indicating an optional indication about what resolution that the information originates from. 
[bookmark: _Hlk61275072]Option 1, Indicate optionally that a standard resolution has been used. If omitted, the assumption is that a high resolution has been used.
-- ASN1START

GNSS-RTK-Observations-r15 ::= SEQUENCE {
	epochTime-r15							GNSS-SystemTime,
	gnss-ObservationList-r15				GNSS-ObservationList-r15,
[bookmark: _Hlk61276225]	...,
	[[
		gnss-ObservationStdRes-r15			NULL							OPTIONAL
	]]

}

GNSS-ObservationList-r15 ::= SEQUENCE (SIZE(1..64)) OF GNSS-RTK-SatelliteDataElement-r15

GNSS-RTK-SatelliteDataElement-r15 ::= SEQUENCE{
	svID-r15								SV-ID,
	integer-ms-r15							INTEGER (0..254)				OPTIONAL,	-- Need ON
	rough-range-r15							INTEGER (0..1023),
	rough-phase-range-rate-r15				INTEGER (-8192..8191)			OPTIONAL,	-- Need ON
	gnss-rtk-SatelliteSignalDataList-r15	GNSS-RTK-SatelliteSignalDataList-r15,
	...
}

GNSS-RTK-SatelliteSignalDataList-r15 ::= SEQUENCE (SIZE(1..24)) OF
														GNSS-RTK-SatelliteSignalDataElement-r15


GNSS-RTK-SatelliteSignalDataElement-r15 ::= SEQUENCE {
	gnss-SignalID-r15					GNSS-SignalID,
	fine-PseudoRange-r15				INTEGER (-524288..524287),
	fine-PhaseRange-r15					INTEGER (-8388608..8388607),
	lockTimeIndicator-r15				INTEGER (0..1023),
	halfCycleAmbiguityIndicator-r15		BIT STRING (SIZE (1)),
	carrier-to-noise-ratio-r15			INTEGER (0..1023)					OPTIONAL,	-- Need ON
	fine-PhaseRangeRate-r15				INTEGER (-16384..16383)				OPTIONAL,	-- Need ON
	...
}

-- ASN1STOP

Option 2, Indicate optionally that a high resolution has been used. If omitted, the assumption is that a standard resolution has been used.
-- ASN1START

GNSS-RTK-Observations-r15 ::= SEQUENCE {
	epochTime-r15							GNSS-SystemTime,
	gnss-ObservationList-r15				GNSS-ObservationList-r15,
	...,
	[[
		gnss-ObservationHighRes-r15			NULL							OPTIONAL
	]]

}

GNSS-ObservationList-r15 ::= SEQUENCE (SIZE(1..64)) OF GNSS-RTK-SatelliteDataElement-r15

GNSS-RTK-SatelliteDataElement-r15 ::= SEQUENCE{
	svID-r15								SV-ID,
	integer-ms-r15							INTEGER (0..254)				OPTIONAL,	-- Need ON
	rough-range-r15							INTEGER (0..1023),
	rough-phase-range-rate-r15				INTEGER (-8192..8191)			OPTIONAL,	-- Need ON
	gnss-rtk-SatelliteSignalDataList-r15	GNSS-RTK-SatelliteSignalDataList-r15,
	...
}

GNSS-RTK-SatelliteSignalDataList-r15 ::= SEQUENCE (SIZE(1..24)) OF
														GNSS-RTK-SatelliteSignalDataElement-r15


GNSS-RTK-SatelliteSignalDataElement-r15 ::= SEQUENCE {
	gnss-SignalID-r15					GNSS-SignalID,
	fine-PseudoRange-r15				INTEGER (-524288..524287),
	fine-PhaseRange-r15					INTEGER (-8388608..8388607),
	lockTimeIndicator-r15				INTEGER (0..1023),
	halfCycleAmbiguityIndicator-r15		BIT STRING (SIZE (1)),
	carrier-to-noise-ratio-r15			INTEGER (0..1023)					OPTIONAL,	-- Need ON
	fine-PhaseRangeRate-r15				INTEGER (-16384..16383)				OPTIONAL,	-- Need ON
	...
}

-- ASN1STOP

[bookmark: _Toc61275263][bookmark: _Toc92793058]Add an optional indicator in the IE GNSS-RTK-Observations-r15 for the attribute resolution of the origin MSM message. 
Conclusion
In the previous sections we made the following observations: 
Observation 1	Existing procedures, messages and information elements already includes integrity components and extensions to accommodate integrity seems plausible.
Observation 2	It is not possible to determine if an IE GNSS-RTK-Observations-r15 originates from MSM4 or MSM6, of from MSM5 or MSM7.
Observation 3	Devices that internally translates the obtained GNSS-RTK-Observations-r15 into corresponding MSM cannot correctly do that.


Based on the discussion in the previous sections we propose the following:
Proposal 1	As baseline, use existing procedures, messages and information elements with extensions to accommodate positioning integrity.
Proposal 2	Analyse different signalling design options for integrity based on encoded IE costs for some typical examples
Proposal 3	Add an optional indicator in the IE GNSS-RTK-Observations-r15 for the attribute resolution of the origin MSM message.
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