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Introduction
During the RAN#94e meeting, the new SID has been agreed [1]. The objective of the SID on the integrity issue includes the following:
	· Improved accuracy, integrity, and power efficiency:
· 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 the following, we first present an overview of Rel-17 progress on GNSS positioning integrity. Then we provide our views on the methodologies, signaling, etc. for RAT dependent positioning integrity.
Recap on Rel-17 GNSS positioning integrity
Before the discussion of RAT-dependent positioning integrity, we first provide an overview of the progress on GNSS positioning integrity during Rel-17 meetings, which is summarized in Table 1.
Table 1 Progress Summary on GNSS Positioning Integrity Support
	Positioning Integrity Mode
	LCS type
	Integrity capability information transfer
	Integrity KPIs transfer
	Integrity results delivery
	Integrity assistance data transfer

	Network assisted (UE-based): Positioning integrity result is derived by the UE

	MO-LR
	From UE to LMF:
· Integrity capability information transfer via A-GNSS-Provide-Capabilities
	UE internal implementation
	UE internal implementation 
	From LMF to UE:
· Integrity assistance data transfer via A-GNSS-ProvideAssistanceData [Note 1]

	
	MT-LR
	From UE to LMF:
· Integrity capability information transfer via A-GNSS-Provide-Capabilities
	From LMF to UE:
· Integrity KPI (Target Integrity Risk) transfer via RequestLocationInformation.
	From UE to LMF:
· Integrity results (PL, achievable Target Integrity Risk) transfer via ProvideLocationInformation or event report (deferred MT-LR).
	From LMF to UE:
· Integrity assistance data transfer via A-GNSS-ProvideAssistanceData [Note 1]

	UE assisted (LMF-based): Positioning integrity result is derived by the LMF [Note 3]
	MO-LR
	From UE to LMF:
· Integrity capability information transfer via A-GNSS-Provide-Capabilities
	TBD
From UE
	TBD
From LMF
	TBD [Note 2]
From GNSS corrections provider (external source) or UE to LMF

	
	MT-LR
	From UE to LMF:
· Integrity capability information transfer via A-GNSS-Provide-Capabilities
	LMF implementation
	LMF internal implementation
	TBD [Note 2]
From GNSS corrections provider (external source) or UE to LMF

	Note 1: UE feared events and LMF feared events will be handled in the implementation for UE-based (network-assisted) methods of positioning integrity determination.
Note 2: LMF feared events can be handled via implementation for UE-assisted (LMF-based) methods of positioning integrity determination.
Note 3: LMF-based integrity is pursued on a best-effort basis in Rel-17.



Recalling the standardization progress of GNSS positioning integrity as shown in Table 1, we can learn that the study of RAT-dependent positioning integrity can follow a similar line.
The support for GNSS positioning integrity involves the following aspects:
· Methodologies
· Integrity KPIs and relevant use cases
· Error sources requiring reporting
· Integrity determination
· Signaling considerations
· Signalling to determine the positioning integrity capability
· Signalling to deliver the KPIs and integrity results
· Signalling to deliver the integrity assistance information to the UE 
· Signalling to deliver the integrity information related to the GNSS positioning measurements from the UE to the LMF
Discussion
In this section, we first list the open issues from the perspective of the methodologies and signalling for RAT-dependent positioning integrity, and then provide our considerations on these issues. Also, we think UE-based positioning integrity with less spec effort should be prioritized in Rel-18.
Methodologies
Recall the progress of GNSS integrity in Rel-17, the mechanism can be concluded in Figure 1. Concerning the methodologies, we can follow the similar framework as GNSS integrity, which mainly includes the following aspects:
1) Integrity KPIs and relevant use cases
Several KPIs for positioning integrity are defined for the study, including Target Integrity Risk (TIR), Alert Limit (AL), Time-to-Alert (TTA) and Integrity Availability. Meanwhile, automotive, rail and IIoT use cases are considered to have a need for positioning integrity. 
2) Feared events 
The following types of feared events implementing positioning integrity using A-GNSS are discussed in Rel-17:
· Feared events in the GNSS assistance data
· Feared events during positioning data transmission
· GNSS feared events
· UE feared events
· LMF feared events
3) PL calculation
The PL is a statistical upper-bound of the Positioning Error (PE) that ensures that, the probability per unit of time of the true error being greater than the AL and the PL being less than or equal to the AL, for longer than the TTA, is less than the required TIR, i.e., the PL satisfies the following inequality:
Prob per unit of time [((PE> AL) & (PL<=AL)) for longer than TTA] < required TIR
4) Integrity determination
The positioning system is considered unavailable when the PL is greater than the AL, otherwise the system is considered to be available.
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Figure 1 Mechanism for GNSS Positioning Integrity

Among the above aspects, we think most of the concepts and mechanisms can be reused for RAT-dependent positioning integrity including integrity KPIs, relevant use cases, PL calculation and integrity determination.
For the feared events that is specified as all possible events can cause the computed position to deviate from the true position, which may vary from different positioning methods. Therefore, we think the feared events should be reclassified or redefined for RAT-dependent positioning, Similar to the feared events for GNSS integrity, we think the following types of feared events can be discussed:
· Feared events in the positioning assistance data, such as TRP location, Inter-TRP synchronization errors (e.g., RTD)
· Feared events during positioning data transmission, such as data integrity faults
· gNB feared events, such as local environment feared events (e.g. Multipath, Spoofing, Interference) and TRP measurements errors
· UE feared events, such as UE measurements errors
· LMF feared events, such as hardware faults and software faults

Proposal 1: [bookmark: _Hlk110350896]Reuse the integrity KPIs, relevant use cases, PL calculation and integrity determination of GNSS integrity for RAT-dependent positioning integrity.
Proposal 2: Classify the feared events for RAT-dependent positioning as follows:
· Feared events in the positioning assistance data: such as TRP location, Inter-TRP synchronization errors (e.g., RTD)
· Feared events during positioning data transmission: such as data integrity faults
· gNB feared events: such as local environment feared events (e.g. Multipath, Spoofing, Interference) and TRP measurements errors
· UE feared events: such as UE measurements errors
· LMF feared events: such as hardware faults and software faults

Recall that Rel-17 has agreed that the integrity KPIs can be transferred from LMF to UE via LPP RequestLocationInformation for UE-based GNSS positioning, which is captured in TS 37.355 as follows.
CommonIEsRequestLocationInformation ::= SEQUENCE {
	locationInformationType		LocationInformationType,
	triggeredReporting			TriggeredReportingCriteria	OPTIONAL,	-- Cond ECID
	periodicalReporting			PeriodicalReportingCriteria OPTIONAL,	-- Need ON
	additionalInformation		AdditionalInformation		OPTIONAL,	-- Need ON
	qos							QoS							OPTIONAL,	-- Need ON
	environment					Environment					OPTIONAL,	-- Need ON
	locationCoordinateTypes		LocationCoordinateTypes		OPTIONAL,	-- Need ON
	velocityTypes				VelocityTypes				OPTIONAL,	-- Need ON
	...,
	[[
		messageSizeLimitNB-r14	MessageSizeLimitNB-r14		OPTIONAL	-- Need ON
	]],
	[[
		segmentationInfo-r14	SegmentationInfo-r14		OPTIONAL	-- Need ON
	]],
	[[
		scheduledLocationTime-r17
								ScheduledLocationTime-r17	OPTIONAL,	-- Need ON
		targetIntegrityRisk-r17
								TargetIntegrityRisk-r17		OPTIONAL	-- Need ON
	]]
}

In the current spec, the LMF is responsible to manage different location services for the target UE, for example, decides on the position methods to be used based on factors including the required QoS, etc. As we can see, the required QoS for positioning calculation and the integrity KPI can be can be independent. Therefore, we think the integrity determination and positioning calculation can be decoupled.

Proposal 3: Study the decoupling of integrity calculation and positioning calculation.

Positioning Methods
During R1#109e, considerable progress has been made on the study of error sources for different ypes of measurements for RAT dependent positioning [2].
	Agreements:
· Study sources of error for timing-based positioning and angle-based positioning methods, focusing on the following aspects
· Origin of the error source
· e.g., At UE and/or network side
· e.g., From assistance information, and/or measurements
· Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· Criteria to become an error source (e.g., whether it is quantifiable, how much influence an error source has on determination on integrity)
· It is encouraged to provide evaluation assumptions (e.g., requirements in TS 38.101, TS 38.104, TS 38.133, evaluation assumptions in TR 38.857) if evaluation is used to determine a distribution, mean and standard deviation or range of values of an error source
· UE-based/assisted DL positioning methods, UL and DL&UL positioning methods are considered in the study



	Agreements:
· 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



	Agreements:
· 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



Based on the agreements above, we can make the following observation on positioning methods:
Observation 2: R1 has agreed to study the error sources for timing-based and angle-based positioning methods. 
As illustrated in the SID, Rel-18 shall study solutions for integrity for RAT dependent positioning techniques. For now, we have several types of positioning methods on the table, including the timing-based positioning methods (e.g., DL-TDOA, UL-TDOA, Multi-RTT), angle-based positioning methods (e.g., UL-AoA, DL-AoD), and others (e.g., Enhanced cell ID). Considering RAN1#109-e has achieved some progress on the study of error sources for timing-based positioning and angle-based positioning. Therefore, we think we can first study the integrity support for timing-based positioning and angle-based positioning.
Proposal 4: Study the support for timing-based positioning methods (DL-TDOA, UL-TDOA, multi-RTT) and angle-based positioning methods (DL-AoD and UL-AoA) for RAT-dependent integrity. Deprioritize the study for the positioning integrity support of NR E-CID.

Note that the feared events are highly related with error sources, so RAN2 can categorize the error sources into different feared events in Proposal 2 and specify the assistance data for the feared events requiring reporting based on RAN1’s study progress.
Proposal 5: RAN2 to study the assistance data for the feared events require reporting of RAT-dependent positioning based on RAN1 input.

Note that LMF-based GNSS integrity is pursued on a best-effort basis in Rel-17. This is mainly because of the heavy specification load, e.g., the standardization of UE measurements reporting which may require a lot of discussion on implementation details. Meanwhile, it is much simpler for UE-based GNSS integrity which may only involves the identification of assistance data. For the same reason, we think UE-based positioning methods should also be prioritized for the study of RAT-dependent positioning integrity in Rel-18.
Proposal 6: Prioritize the study of UE-based RAT-dependent positioning integrity for DL positioning.

Signalling
To support RAT-dependent positioning integrity, the signaling aspects should be identified for UE-based and UE-assisted positioning integrity, respectively. For UE-based positioning RAT-dependent integrity, we should consider the following enhancements on top of UE-based GNSS integrity:
· LPP Signalling
· Signalling for RAT-dependent positioning integrity capability
· Integrity KPIs and integrity results transfer for GNSS integrity can be reused
· Signalling to deliver the integrity assistance data (e.g. gNB feared events) from LMF to UE
· NRPPa Signalling
· Signalling to deliver the integrity assistance data (e.g. gNB feared events) from gNBs to LMF

For LMF-based positioning RAT-dependent integrity, we should consider the following enhancements:
· LPP Signalling
· Signalling for RAT-dependent positioning integrity capability Integrity KPIs and integrity results transfer for GNSS integrity can be reused
· Signalling to deliver the integrity assistance data (e.g. UE feared events) from UE to LMF
· Signalling to deliver the integrity related positioning measurements from UE to LMF
· NRPPa Signalling
· Signalling to deliver integrity assistance data (e.g. gNB feared events) from gNBs to LMF
· Signalling to deliver the integrity related positioning measurements from gNBs to LMF
· Signalling to deliver the integrity assistance data (e.g. UE feared events) send by RRC to LMF for UL positioning methods
· RRC Signaling
· Signaling to deliver the integrity assistance data (e.g. UE feared events) from UE to gNB for UL positioning methods

Proposal 7: If LMF/UE-based integrity is supported, study the following signaling aspects for RAT-dependent integrity:
· LPP Signalling
· Signalling for RAT-dependent positioning integrity capability
· Signalling to deliver the integrity assistance data (e.g. gNB/UE feared events) 
· Signalling to deliver the integrity related positioning measurements
· NRPPa Signalling
· Signalling to deliver integrity assistance data (e.g. gNB feared events) from gNBs to LMF
· Signalling to deliver the integrity related positioning measurements from gNBs to LMF
· [bookmark: _GoBack]Signalling to deliver the integrity assistance data (e.g. UE feared events) send by RRC to LMF for UL positioning methods
· RRC signaling
· Signaling to deliver the integrity assistance data (e.g. UE feared events) from UE to gNB for UL positioning methods

Conclusion
In this contribution, we provide our considerations on several issues from the perspective of the methodologies, signalling and study priorities for RAT-dependent positioning integrity. Based on our analysis and discussion, we have the following observations and proposals:
1. The support for GNSS positioning integrity involves the following aspects:
· Methodologies
· Integrity KPIs and relevant use cases
· Error sources requiring reporting
· Integrity determination
· Signaling considerations
· Signalling to determine the positioning integrity capability
· Signalling to deliver the KPIs and integrity results
· Signalling to deliver the integrity assistance information to the UE 
· Signalling to deliver the integrity information related to the GNSS positioning measurements from the UE to the LMF
Observation 2: R1 has agreed to study the error sources for timing-based and angle-based positioning methods. 

Proposal 1: Reuse the integrity KPIs, relevant use cases, PL calculation and integrity determination of GNSS integrity for RAT-dependent positioning integrity.
Proposal 2: Classify the feared events for RAT-dependent positioning as follows:
· Feared events in the positioning assistance data: such as TRP location, Inter-TRP synchronization errors (e.g., RTD)
· Feared events during positioning data transmission: such as data integrity faults
· gNB feared events: such as local environment feared events (e.g. Multipath, Spoofing, Interference) and TRP measurements errors
· UE feared events: such as UE measurements errors
· LMF feared events: such as hardware faults and software faults
Proposal 3: Study the decoupling of integrity calculation and positioning calculation.
Proposal 4: Study the support for timing-based positioning methods (DL-TDOA, UL-TDOA, multi-RTT) and angle-based positioning methods (DL-AoD and UL-AoA) for RAT-dependent integrity. Deprioritize the study for the positioning integrity support of NR E-CID.
Proposal 5: RAN2 to study the assistance data for the feared events require reporting of RAT-dependent positioning based on RAN1 input.
Proposal 6: [bookmark: _Hlk110497205]Prioritize the study of UE-based RAT-dependent positioning integrity for DL positioning.
Proposal 7: If LMF/UE-based integrity is supported, study the following signaling aspects for RAT-dependent integrity:
· LPP Signalling
· Signalling for RAT-dependent positioning integrity capability
· Signalling to deliver the integrity assistance data (e.g. gNB/UE feared events) 
· Signalling to deliver the integrity related positioning measurements
· NRPPa Signalling
· Signalling to deliver integrity assistance data (e.g. gNB feared events) from gNBs to LMF
· Signalling to deliver the integrity related positioning measurements from gNBs to LMF
· Signalling to deliver the integrity assistance data (e.g. UE feared events) send by RRC to LMF for UL positioning methods
· RRC signaling
· Signaling to deliver the integrity assistance data (e.g. UE feared events) from UE to gNB for UL positioning methods
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