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1. Introduction
The Rel-18 SID [1] specifies positioning integrity for RAT-dependent methods as follows:
	· Study solutions for Integrity for RAT dependent positioning techniques [RAN2, RAN1]:
· Identify the error sources, [RAN1, RAN2].
· Study methodologies, procedures, signalling, etc for determination of positioning integrity for both UE-based and UE-assisted positioning [RAN2]
· Focus on reuse of concepts and principles being developed for RAT-Independent GNSS positioning integrity, where possible.


In this contribution, we provide our views on RAN2 signaling to support integrity of RAT-dependent positioning methods.
2.  Discussion
2.1  UE-assisted integrity
In Rel-17 positioning integrity for A-GNSS positioning, since GNSS signal is received and measured at UE side, only UE-based integrity is supported, i.e., UE calculates PL according to KPIs and error bounds indicated in the assistance data, and reports to LMF its integrity results. 
As the SID indicates, for RAT-dependent positioning methods including DL-TDOA, UL-TDOA, DL-AoD, UL-AoA and multi-RTT, not only UE-based but also UE-assisted solution should be considered. To be specific, if measurement result is gathered and calculated at LMF side, it is reasonable for LMF to calculate integrity result. Therefore, we think in Rel-18, it is possible to support LMF-based integrity for UE-assisted integrity.
Proposal 1: In Rel-18, support LMF-based integrity.
2.2  Integrity procedures for DL, UL and DL+UL positioning methods
In Rel-17, the main spec impact of A-GNSS integrity is error bound (mean and variance) of error sources and DNU flags, they determine how the integrity entity calculates the integrity calculation. Since the SID indicates to focus on reuse of concepts and principles being developed for RAT-Independent GNSS positioning integrity, we think it is necessary to introduce error bound and DNU flag in RAT-dependent positioning. As for different RAT-dependent positioning methods, the error bound and DNUs can be told to integrity entity in different signalings. 
Proposal 2: In Rel-18, support to reuse the error bound and DNU flag in RAT-dependent positioning.
The following sub-sessions specify the integrity signaling (especially error bounds and DNU flags) of different positioning methods.
2.2.1 DL/DL+UL positioning
For DL positioning (DL-TDOA and DL-AoD) and DL+UL positioning (multi-RTT), integrity may have impact on the DL assistance data configuration and UL UE measurement report for different error sources. For A-GNSS positioning, the error bounds of different error source is told to UE in assistance data per GNSS constellation per satellite. Take GNSS-SSR-ClockCorrections for example:
GNSS-SSR-ClockCorrections
-- ASN1START
 
GNSS-SSR-ClockCorrections-r15 ::= SEQUENCE {
	epochTime-r15						GNSS-SystemTime,
	ssrUpdateInterval-r15				INTEGER (0..15),
	iod-ssr-r15							INTEGER (0..15),
	ssr-ClockCorrectionList-r15			SSR-ClockCorrectionList-r15,
	...,
	[[
		clock-IntegrityParameters-r17	CLOCK-IntegrityParameters-r17		OPTIONAL   -- Need OR
	]]
}
SSR-ClockCorrectionList-r15 ::= SEQUENCE (SIZE(1..64)) OF SSR-ClockCorrectionSatelliteElement-r15
SSR-ClockCorrectionSatelliteElement-r15 ::= SEQUENCE {
	svID-r15							SV-ID,
	delta-Clock-C0-r15					INTEGER (-2097152..2097151),
	delta-Clock-C1-r15					INTEGER (-1048576..1048575)			OPTIONAL, -- Need ON
	delta-Clock-C2-r15					INTEGER (-67108864..67108863)		OPTIONAL, -- Need ON
	...,
	[[
		ssr-IntegrityClockBounds-r17	SSR-IntegrityClockBounds-r17		OPTIONAL  -- Need OR
	]]
}
CLOCK-IntegrityParameters-r17 ::= SEQUENCE {
	clockRangeErrorCorrelationTime-r17		INTEGER (0..255),
	clockRangeRateErrorCorrelationTime-r17	INTEGER (0..255),
	...
}
SSR-IntegrityClockBounds-r17 ::= SEQUENCE {
	meanClock-r17							INTEGER (0..255),
	stdDevClock-r17							INTEGER (0..255),
	meanClockRate-r17						INTEGER (0..255),
	stdDevClockRate-r17						INTEGER (0..255),
	...
}
-- ASN1STOP
A GNSS-ID is associated with each GNSS-SSR-ClockCorrections, in which SSR-ClockCorrectionList-r15 further contains up to 64 satellites’ assistance data with the same GNSS-ID. The error bound SSR-IntegrityClockBounds-r17 is associated with each satellite. Since the error bounds of assistance data-related error sources and DNU flags should be configured in the assistance data, he same structure can be applied in RAT-dependent positioning methods, that error bounds of assistance data error can be configured per frequency layer, per TRP, per PRS resource set or per PRS resource. For example, TRP synchronization error should be configured per TRP. Others depends on RAN1’s decision of specific error sources. 
For DL/DL+UL positioning, not all TRPs in the assistance data are useful for location calculation, as the relative position between target UE and TRPs may be large and PRS reception quality is rather poor. Therefore if TRP related error source/bound is told to UE, the DNU flags indicating which TRP’s measurement should /should not be used for integrity shall also be told to UE. The DNU flags can be configured per frequency layer, per TRP, per PRS resource set or per PRS resource, depending on the specified error source.
Proposal 3: For RAT-dependent DL/DL+UL positioning methods, error bounds of assistance data error and DNU flags can be configured in the assistance data. FFS on per frequency layer, per TRP, per PRS resource set or per PRS resource configuration.
In the RAN1#109e [2], the following agreement is achieved:
	Agreement
· At least the following error sources for timing-based positioning methods are studied
· TRP/UE measurements errors (e.g., ToA, Rx-Tx timing difference)
· FFS: Effect of multipath/NLoS channels on TRP/UE measurement errors
· Error in assistance data (e.g., TRP location, Inter-TRP synchronization errors (e.g., RTD))
· TRP/UE Timing error
· FFS: Further study identification of error sources resulting from the multipath/NLoS channel/radio propagation environment, including multipath/NLoS channel itself as an error source
· Other error sources are not precluded
· FFS: details of each error source, e.g., mean/standard deviation/range associated with each error
Agreement
· At least the following error sources for angle -based positioning methods are studied
· TRP/UE measurements errors (e.g., AoA, RSRP, RSRPP)
· FFS: Effect of multipath/NLoS channels on TRP/UE measurement errors
· Error in assistance data (e.g TRP location, TRP beam antenna information)
· FFS: Further study identification of error sources resulting from the multipath/NLoS channel/radio propagation environment, including multipath/NLoS channel itself as an error source
· Other error sources are not precluded
· FFS: details of each error source, e.g., mean/standard deviation/range associated with each error


There are some error sources under discussion in RAN1, including UE measurement errors for DL/DL+UL positioning methods. For LMF-based integrity, LMF needs to know the error bounds of UE-side error for calculating integrity results. Therefore, it is also necessary to include error bounds of UE measurement errors in the UE measurement report. As for DNU flags, UE can indicate to LMF that which measurement report should or should not be used in integrity results calculation.
Proposal 4: For RAT-dependent DL/DL+UL positioning methods, error bounds of UE measurement error and DNU flags can be reported in the UE measurement report.
2.2.2 UL/DL+UL positioning
[bookmark: _GoBack]For UL/UL+DL positioning (UL-TDOA, UL-AoA and multi-RTT), TRPs measure the SRS and perform measurement result, then gNB gathers TRPs measurements and reports to LMF. There may be error sources existing at TRP/gNB side, for example TRP measurement error. Thus, Rel-18 should also support NG-RAN nodes to report error bounds for TRP measurement error along with TRP measurement report. In addition, the principle of TRP reporting DNU flags should be the same with UE reporting, that is, TRPs can indicate to LMF that which measurement report should or should not be used in integrity results calculation. Further details can be left to RAN3 for decision.
Proposal 5: For RAT-dependent UL/DL+UL positioning methods, error bounds of TRP measurement error and DNU flags can be reported in the TRP measurement report.
3. Conclusion
Proposal 1: In Rel-18, support LMF-based integrity.
Proposal 2: In Rel-18, support to reuse the error bound and DNU flag in RAT-dependent positioning.
Proposal 3: For RAT-dependent DL/DL+UL positioning methods, error bounds of assistance data error and DNU flags can be configured in the assistance data. FFS on per frequency layer, per TRP, per PRS resource set or per PRS resource configuration.
Proposal 4: For RAT-dependent DL/DL+UL positioning methods, error bounds of UE measurement error and DNU flags can be reported in the UE measurement report.
Proposal 5: For RAT-dependent UL/DL+UL positioning methods, error bounds of TRP measurement error and DNU flags can be reported in the TRP measurement report.
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