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1	Introduction
This paper discusses one of the open issues for Release 18 RAT-dependent positioning integrity and makes a proposal to resolve the open issue.
In the discussion below, we propose a possible mapping of RAT-dependent error sources identified by RAN1 to the current LPP spec (TS 37.355).
2	Discussion
Table 1 (from TR 38.859 [1]) presents the error sources identified by RAN1 during the Rel-18 SI phase for LMF-based and UE-based positioning integrity modes for different positioning methods.
[bookmark: _Ref130395890]Table 1. Error sources for LMF-based and UE-based positioning integrity modes [1].
	Positioning Integrity Mode
	DL TDOA
	UL TDOA
	Multi-RTT
	UL AoA
	DL AoD

	LMF-based (as defined in Table 9.4.1.1.1 in TR 38.857 [4])
	-	RSTD measurement 
-	TRP location 
-	Inter-TRP synchronization (can be caused in part by errors in SFN initialization time.)
	-	RTOA measurement
-	TRP location 
-	Inter-TRP synchronization (can be caused in part by errors in SFN initialization time.)
	-	UE Rx-Tx time difference measurement
-	gNB Rx-Tx time difference measurement
-	TRP location
	-	Angle of arrival measurement
-	TRP location 
-	ARP location (e.g., ARPLocationInformation in TS 38.455 [3])
	-	TRP location 
-	DL-PRS RSRPP of the first path or RSRP

	UE-based (as defined in Table 9.4.1.1.1 in TR 38.857 [4])
	-	TRP location (e.g., NR-TRP-LocationInfo in TS 37.355 [2]) 
-	Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355 [2])
	
	
	
	-	TRP location (e.g., NR-TRP-LocationInfo in TS 37.355 [2])



In this contribution we provide a proposal for mapping such error sources to integrity parameters which should be included in the specs. In order to do so, we think that a good starting point is Table 8.1.2.1b-1 in TS 38.305 [1], which shows the mapping between the integrity fields and the SSR assistance data according to the Integrity Principle of Operation (Clause 8.1.1a TS 38.305 [1]) for RAT-Independent positioning. A few adaptations are needed for the RAT-dependent positioning, and our proposal is summarized in Table 2. 
[bookmark: _Ref127280487]Table 2. Spec impact of error sources for different RAT-dependent positioning methods.
	Error
	
	
	Integrity Fields

	
	Mode
	Spec Impact
	Integrity Alerts
	Error Distribution
	Residual Risks
	Integrity Correlation Times

	RSTD measurement error
	LMF-based
	LPP

	RSTD DNU
	Gaussian (0, s)
	gNB HW/SW fault
	FFS

	TRP location error
	LMF-based

	NRPPa

	FFS
	Gaussian (0, s)
Uniform centered
	Onset of a position change or antenna movement
	FFS

	
	UE-based
	LPP
	TRP location DNU
	
	
	

	Inter-TRP synchronization error
	LMF-based
	NRPPa

	FFS
	FFS
	Onset of sync. loss 
	FFS

	
	UE-based
	LPP
	Inter-TRP synchronization DNU
	
	
	

	gNB Rx-Tx time difference measurement error
	LMF-based
	NRPPa
	FFS
	Gaussian (0, s)
	gNB clock fault
	FFS

	RTOA measurement error
	LMF-based
	NRPPa
	FFS
	Gaussian (0, s)
	FFS
	FFS

	UE Rx-Tx time difference measurement error
	LMF-based
	LPP
	UE Rx-Tx time difference DNU
	Gaussian (0, s)
	FFS
	FFS

	Angle of arrival measurement error
	LMF-based
	 
	AoA DNU

	FFS
	 FFS
	FFS

	ARP location error
	LMF-based
	NRPPa
	FFS

	Gaussian (0, s)
Uniform centered
	Onset of ARP change
	FFS

	DL-PRS RSRP/RSRPP measurement error
	LMF-based
	LPP
	RSRP/RSRPP DNU

	 FFS
	FFS
	FFS



The integrity bounds have been copied from table Table 6.1.1-2 in [5].
The Residual Risks have been defined in [8] section 8.1.1a.: they represent the probability that the feared event begins and they correspond to the probabilities of onset which is defined per unit of time. Each Residual Risk is accompanied by a mean duration of the feared event and is used to convert the probability of onset to a probability that the feared event is present at any given time.
The residual risks for GNSS in release 17 have been documented and their impacts on integrity have been identified, at least in a qualitative way. The residual risks specific to RAT-D integrity still need to be developed and characterized. Only residual risks that could trigger an integrity alarm should be taken into account. Following the approach developed for GNSS, only those risks whose probabilities of occurrence and durations that can be deduced from historical data, or from prior knowledge, should be taken into account. This excludes, in principle, jamming and spoofing whose probabilities of occurrence cannot be safely deduced using the same methodology.
Table 2 provides a preliminary list of residual risks for each error source. These risks results, for example, from HW or SW faults in UE and gNB, synchronization loss due to e.g. unavailability of GNSS clock reference, or modification of TRP configuration following a maintenance operation requiring a recalibration, or e.g. the displacement of antennas following e.g. a storm. On top of the events listed in the table, we may consider risks related to assistance data transmission over the air, or via the transport NW.
Each residual risk needs to be characterized by: onset probability, duration and its impact on the positioning error and integrity.
Proposal 1: RAN2 to discuss and identify the residual risks which are specific and applicable to RAT-dependent positioning integrity and evaluate their impacts.
Table 3 shows a possible mapping of the integrity bounds parameters to the current LPP specs (TS 37.355). Despite Table 2 reporting also all UL-related errors with NRPPa impact, they are not reported here since they are not the focus of this document.  In particular, Table 3 identifies the new fields related to the integrity bounds that need to be added to existing IEs for Rel-18 RAT-dependent integrity. New fields for DNU flags, residual risks, and integrity correlation times are FFS.
[bookmark: _Ref127344048][bookmark: _Ref130546061]Table 3. Mapping of integrity bounds parameters to current LPP specs.
	Mode
	Method
	Error sources
	Spec Impact
	IE
	New Fields

	LMF-based
	DL-TDOA
	RSTD measurement error
	LPP
	NR-DL-TDOA-MeasElement-r16

in

NR-DL-TDOA-MeasList-r16

in

NR-DL-TDOA-SignalMeasurementInformation-r16
	nr-RSTD-IntegrityBounds-r18 ::= SEQUENCE {
    meanRSTDError-r18,
    stdDevRSTDError-r18
}

	
	Multi-RTT
	UE Rx-Tx time difference measurement error
	LPP
	NR-Multi-RTT-MeasElement-r16

in

NR-Multi-RTT-MeasList-r16

in

NR-Multi-RTT-SignalMeasurementInformation-r16
	nr-RxTxTimeDiff-IntegrityBounds-r18 ::= SEQUENCE {
    meanRxTxTimeDiffError-r18,
    stdDevRxTxTimeDiffError-r18
}

	
	DL-AoD
	FFS:
DL PRS RSRP/RSRPP measurement error
	LPP
	NR-DL-AoD-MeasElement-r16

in

NR-DL-AoD-MeasList-r16

in

NR-DL-AoD-SignalMeasurementInformation-r16
	nr-RxTxTimeDiff-IntegrityBounds-r18 ::= SEQUENCE {
    meanRSRPError-r18,
    stdDevRSRPError-r18
}

	UE-based
	DL-TDOA
	TRP location error
	LPP
	TRP-LocationInfoElement-r16

in

trp-LocationInfoList-r16

in

NR-TRP-LocationInfoPerFreqLayer-r16

in

NR-TRP-LocationInfo-r16
	nr-trp-Location-IntegrityBounds-r18 ::= SEQUENCE {
    meanTRPLocationError-r18,
    stdDevTRPLocationError-r18
}

	
	
	Inter-TRP synchronization error
	LPP
	NR-RTD-Info 

in

NR-DL-TDOA-ProvideAssistanceData-r16
	nr-interTRP-Sync-IntegrityBounds-r18 ::= SEQUENCE {
    meanInterTRPSyncError-r18,
    stdDevInterTRPSyncError-r18
}

	
	DL-AoD
	TRP location error
	LPP
	NR-TRP-LocationInfo-r16 

in

NR-PositionCalculationAssistance-r16 

in

NR-DL-AoD-ProvideAssistanceData
	n nr-trp-Location-IntegrityBounds-r18 ::= SEQUENCE {
    meanTRPLocationError-r18,
    stdDevTRPLocationError-r18
}



For all measurements that are reported in the LMF-based mode (e.g. RSTD, UE Rx-Tx TD, DL-PRS RSRPP of the first path or RSRP of additional paths), where UE reports the measurement and LMF estimates the position and integrity results, the UE needs to provide the integrity bounds (for measurement errors) to the LMF or the LMF must be configured with integrity bounds for errors for these measurements. A first option would be to introduce a new UL message for UE to report integrity parameter related to measurement errors or, as a second option, we could exploit the ProvideCapabilities signalling to signal the per UE integrity parameters related to measurement errors. If the bounds for measurement errors are common for any UE, then the bounds can be configured in LMF instead of UE signalling them.
Proposal 2: Reuse the integrity related IE and fields defined for GNSS integrity for RAT-dependent positioning integrity when possible e.g., mean and standard deviation as bounds for an error source.
3	Conclusion
This document has made the following proposals:
Proposal 1: RAN2 to discuss and identify the residual risks which are specific and applicable to RAT-dependent positioning integrity and evaluate their impacts.
Proposal 2: Reuse the integrity related IE and fields defined for GNSS integrity for RAT-dependent positioning integrity when possible e.g., mean and standard deviation as bounds for an error source.
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