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Introduction
During the RAN2#119e meeting, initial discussion on RAT-dependent integrity has been carried out and the following agreement has been achieved.
	Agreements:
Proposal 1: RAN2 to confirm the integrity principle of operation defined in the section 8.1.1a of TS38.305, including integrity definition (e.g., Error, Bound, Time to Alert, DNU, Residual Risk, irMinimum, irMaximum and Correlation Times; FFS if all parameters are needed in the RAT-dependent case), Equations for the GNSS integrity are reused for RAT dependent positioning methods.  
Proposal 2 (modified): RAN2 may add the mapping between Integrity definition/Fields (Integrity Alerts, error bounds (mean, StdDev), Residual Risks, Integrity correlation times) and Error sources/assistance data for RAT-dependent positioning methods later once RAN1 identifies new error sources.  


Meanwhile, RAN1#110 has discussed the issues of RAT-dependent integrity including the error sources (measurement error, assistance data error, etc.) for LMF-based and UE-based positioning mode, the error profile, etc. As a result, considerable progress has been made as in [1]. 
In the following, we provide our views to facilitate the progress on the discussion on RAT dependent integrity in RAN2.
Discussion
Recall that preliminary discussion has been carried out on the methodologies for RAT-dependent positioning integrity during RAN2#119e, while there are still some open issues
Methodologies
For the integrity principle of operation defined in the section 8.1.1a of TS 38.305 [2], we don’t see any problem when it is applied to RAT-dependent positioning. Among all the related parameters (i.e., Error, Bound, Time to Alert, DNU, Residual Risk, irMinimum, irMaximum and Correlation Times), the controversial one being the “DNU” since some companies raised the concern that we may not need the “DNU flag”. 

Recall that the clarification of “DNU” in TS 38.305, which is used to indicate the corresponding assistance data that has been issued that is still within its validity period as follows:
	For integrity operation, the network will ensure that:
P(Error > Bound for longer than TTA | NOT DNU) <= Residual Risk + IRallocation       (Equation 8.1.1a-1)
for all values of IRallocation in the range irMinimum <= IRallocation <= irMaximum
for all the errors in Table 8.1.2.1b-1, which have corresponding integrity assistance data available and where the corresponding DNU flag(s) are set to false.
……
[bookmark: _Hlk115097854]Equation 8.1.1a-1 holds for all assistance data that has been issued that is still within its validity period. If this condition cannot be met then the corresponding DNU flag must be set.
……
DNU: The DNU flag(s) corresponding to a particular error as per Table 8.1.2.1b-1. Where multiple DNU flags are specified, the DNU condition in Equation 8.1.1a-1 is present when any of the flags are true (logical OR of the flags).




Based on our understanding, there may be some differences between the assistance data for RAT-independent and RAT-dependent integrity. The reason why DNU was carried for GNSS integrity was that the 3GPP system simply forwards the GNSS assistance data provided by the GNSS system. As specified in TS 38.305, the GNSS integrity related assistance data should be transmitted even with a DNU=FALSE condition, e.g., assistance data without the Integrity Service Alert IE or Real Time Integrity IEs, which may be used for other purposes. For example, in addition to integrity purposes, SSR Orbit Corrections (introduced in Rel-15) can also be used to compute a satellite position correction, to be combined with satellite position calculated from broadcast ephemeris. 
However, for RAT-dependent integrity, we think there may be no need to transmit related assistance data when the DNU flag is set as “FALSE”. If the assistance data is considered as DNU, the LMF/gNB should not configure the assistance data to the UE in the first place.
In terms of spec impacts, for RAT-dependent integrity, the “NOT DNU” condition in Equation 8.1.1a-1 should be considered as always TRUE.
Proposal 1: DNU flag is not necessary for RAT-dependent positioning integrity.

Error sources
During RAN1#110, considerable progress has been made on the study of error sources for different positioning methods, relevant agreements are excerpted as follows.
	Agreements:
· For LMF-based positioning integrity mode, at least the followings are error sources for timing related measurements:
· RSTD measurement is an error source for DL-TDOA 
· RTOA measurement is an error source for UL-TDOA
· UE Rx-Tx time difference measurement is an error source for Multi-RTT
· gNB Rx-Tx time difference measurement is an error source for Multi-RTT
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857



	Agreements:
· For LMF-based positioning integrity mode, at least angle of arrival measurement is an error source for UL-AoA
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· FFS: The error can be expressed as the error of the AoA/ZoA in LCS or GCS or the error of a defined function of AoA/ZoA in LCS.
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857



	Agreements:
· For UE-based positioning integrity mode, at least the following are error sources in assistance data: 
· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) and Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355) are error sources for DL-TDOA
· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) is an error source for DL-AoD
· FFS: whether boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo in TS 37.355) is an error source
· FFS: whether beam information of DL-PRS (e.g., NR-TRP-BeamAntennaInfo in TS 37.355) is an error source 
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· Other error sources are not precluded
· FFS : Applicability of the above error sources to LMF-based positioning integrity mode
· Note : Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

· For LMF-based positioning integrity mode, ARP location (e.g., ARPLocationInformation in TS 38.455) is an error source for UL-AoA.
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity)
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
· FFS : Whether the error statistics of ARP location is available at the gNB
· Other error sources are not precluded

· For LMF-based positioning integrity mode, at least inter-TRP synchronization is an error source for UL-TDOA. 
· FFS : Specification impact of inter-TRP synchronization as an error source for UL-TDOA
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857



Note that RAN1 achieves the above agreements with the assumption that both the LMF-based and UE-based positioning integrity are supported in Rel-18. To provide a whole picture of error sources for RAT-dependent integrity, we summarize the current progress on the study of error sources in RAN1 in Table 2.2-1.
[bookmark: _Ref115100103]Table 2.2-1 Summary of RAN1 progress on error sources for RAT-dependent integrity
	Positioning mode
	Positioning method
	Error sources
	Category of error sources

	LMF-based positioning
	DL-TDOA
	RSTD measurement
	Timing related measurement
FFS: Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)

	
	UL-TDOA
	RTOA measurement
	Timing related measurement

	
	
	inter-TRP synchronization
	Assistance data
FFS: Specification impact of inter-TRP synchronization as an error source for UL-TDOA

	
	Multi-RTT
	UE Rx-Tx time difference measurement
gNB Rx-Tx time difference measurement
	Timing related measurement

	
	UL-AoA
	Angle of arrival measurement (e.g., AoA/ZoA)
	Angle related measurement

	
	
	ARP location (e.g., ARPLocationInformation)
	Assistance data
FFS: Whether the error statistics of ARP location is available at the gNB

	UE-based positioning
	DL-TDOA
	TRP location (e.g., NR-TRP-LocationInfo)
Inter-TRP synchronization (e.g., NR-RTD-Info)
	Assistance data
FFS: Applicability of the error sources to LMF-based positioning integrity mode

	
	DL-AoD
	TRP location (e.g., NR-TRP-LocationInfo)
FFS: boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo) 
FFS: beam information of DL-PRS (e.g., NR-TRP-BeamAntennaInfo)
	



According to the progress of RAN1, we have the following observation that may be helpful to the discussion of that in RAN2.
Observation 1: RAN1 study the error sources from the perspective of different positioning modes (LMF-based and UE-based) as well as different positioning methods, respectively. 
· For LMF-based positioning integrity, the error sources are categorized into (a) timing-related measurement; (b)angle-related measurements and (c) assistance data.
· For UE-based positioning integrity, the error sources only include assistance data.

In last RAN2 meeting, it was agreed that RAN2 would study how to add the mapping between Integrity definition/Fields (Integrity Alerts, error bounds (mean, StdDev), Residual Risks, Integrity correlation times) and Error sources/assistance data for RAT-dependent positioning methods. Follow the thoughts of RAN1, we think the mapping can also be discussed for different positioning methods.
Proposal 2: Study the mapping between Integrity definition/Fields and Error sources (e.g., measurements, assistance data) per RAT-dependent positioning method for LMF-based and UE-based integrity.
Signalling
According to Table 2.2-1, we can find that the error sources for RAT-dependent integrity are studied in RAN1 per positioning method for different positioning modes (LMF-based and UE-based). 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, so no essential significant is required.
· Signalling to deliver the integrity assistance data from LMF to UE
· TRP location (e.g., NR-TRP-LocationInfo) for DL-TDOA
· TRP location (e.g., NR-TRP-LocationInfo) for DL-AoD
· FFS: boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo) 
· FFS: beam information of DL-PRS (e.g., NR-TRP-BeamAntennaInfo)

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, so no essential significant is required.
· Signalling to deliver the integrity related positioning measurements from UE to LMF
· RSTD measurement for DL-TDOA
· UE Rx-Tx time difference for Multi-RTTNRPPa Signalling
· Signalling to deliver integrity assistance data from gNBs to LMF
· Waiting the progress on RAN1 for inter-TRP synchronization, ARP location, etc.
· Signalling to deliver the integrity related positioning measurements from gNBs to LMF
· RTOA measurement for UL-TDOA
· gNB Rx-Tx time difference measurement for Multi-RTT
· Angle of arrival measurement (e.g., AoA/ZoA) for UL-AoA

Proposal 3: For UE-based integrity, study the enhancement of LPP Signaling to deliver the integrity assistance data from LMF to UE, which at least includes the error of TRP location (e.g., NR-TRP-LocationInfo).
Proposal 4: For LMF-based integrity, study the following enhancements:
· LPP signaling to deliver the error of related positioning measurements from UE to LMF, which at least includes:
· The error of RSTD measurement for DL-TDOA
· The error of UE Rx-Tx time difference for Multi-RTT 
· NRPPa signaling to deliver the error of related positioning measurements from gNBs to LMF, which at least includes:
· The error of RTOA measurement for UL-TDOA
· The error of gNB Rx-Tx time difference measurement for Multi-RTT
· The error of angle of arrival measurement (e.g., AoA/ZoA) for UL-AoA
Then, for the remaining aspects of the mapping between error sources and fields/integrity definition, we should wait for the progress in RAN1.
Proposal 5: Wait for the further progress of RAN1 on error source modeling and assistance data (e.g. inter-TRP synchronization, ARP location, TRP location).
Text Proposal for TR
In the following, we provide a text proposal based on the discussion above for the SI TR. And, we propose
Proposal 6: Adopt the following text proposal as a baseline for the mapping between error sources and integrity definition/fields.
	6.1.2	Methodologies, procedures and signalling for determination of positioning integrity
Table 6.1.2.x shows the mapping between the integrity fields and the error sources according to the Integrity Principle of Operation
Table 6.1.2.x: Mapping of RAT-dependent integrity parameters 
	Positioning mode
	Positioning method
	Error sources
	Category of error sources
	Spec Impact
	Integrity Fields

	
	
	
	
	
	FFS

	LMF-based
	DL-TDOA
	RSTD measurement
	Timing related measurement
FFS: Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
	LPP
	FFS

	
	UL-TDOA
	RTOA measurement
	Timing related measurement
	NRPPa
	FFS

	
	
	inter-TRP synchronization
	Assistance data

	NRPPa
	FFS

	
	Multi-RTT
	UE Rx-Tx time difference measurement

	Timing related measurement
	LPP
	FFS

	
	
	gNB Rx-Tx time difference measurement
	Timing related measurement
	NRPPa
	

	
	UL-AoA
	Angle of arrival measurement (e.g., AoA/ZoA)
	Angle related measurement
	NRPPa
	FFS

	
	
	ARP location (e.g., ARPLocationInformation)
	Assistance data
FFS: Whether the error statistics of ARP location is available at the gNB
	NRPPa
	FFS

	UE-based
	DL-TDOA
	TRP location (e.g., NR-TRP-LocationInfo)
	Assistance data
FFS: Applicability of the error sources to LMF-based positioning integrity mode
	LPP
	FFS

	
	
	Inter-TRP synchronization (e.g., NR-RTD-Info)
	Assistance data
FFS: Applicability of the error sources to LMF-based positioning integrity mode
	LPP
	FFS

	
	DL-AoD
	TRP location (e.g., NR-TRP-LocationInfo)
FFS: boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo) 
FFS: beam information of DL-PRS (e.g., NR-TRP-BeamAntennaInfo)
	Assistance data
FFS: Applicability of the error sources to LMF-based positioning integrity mode
	LPP
	FFS






Conclusion
In this contribution, we provide our considerations on several issues from the perspective of the methodologies, error source and signalling for RAT-dependent positioning integrity. Based on our analysis and discussion, we have the following observations and proposals:
Observation 1: RAN1 study the error sources from the perspective of different positioning modes (LMF-based and UE-based) as well as different positioning methods, respectively. 
· For LMF-based positioning integrity, the error sources are categorized into (a) timing-related measurement; (b)angle-related measurements and (c) assistance data.
· For UE-based positioning integrity, the error sources only include assistance data.

Methodologies
Proposal 1: DNU flag is not necessary for RAT-dependent positioning integrity.

Error sources
Proposal 2: Study the mapping between Integrity definition/Fields and Error sources (e.g., measurements, assistance data) per RAT-dependent positioning method for LMF-based and UE-based integrity.
Signaling aspects
Proposal 3: For UE-based integrity, study the enhancement of LPP Signaling to deliver the integrity assistance data from LMF to UE, which at least includes the error of TRP location (e.g., NR-TRP-LocationInfo).
Proposal 4: For LMF-based integrity, study the following enhancements:
· LPP signaling to deliver the error of related positioning measurements from UE to LMF, which at least includes:
· The error of RSTD measurement for DL-TDOA
· The error of UE Rx-Tx time difference for Multi-RTT 
· NRPPa signaling to deliver the error of related positioning measurements from gNBs to LMF, which at least includes:
· The error of RTOA measurement for UL-TDOA
· The error of gNB Rx-Tx time difference measurement for Multi-RTT
· The error of angle of arrival measurement (e.g., AoA/ZoA) for UL-AoA
Proposal 5: Wait for the further progress of RAN1 on error source modeling and assistance data (e.g. inter-TRP synchronization, ARP location, TRP location).

Text Proposal
Proposal 7: Adopt the following text proposal as a baseline for the mapping between error sources and integrity definition/fields.
	6.1.2	Methodologies, procedures and signalling for determination of positioning integrity
Table 6.1.2.x shows the mapping between the integrity fields and the error sources according to the Integrity Principle of Operation
Table 6.1.2.x: Mapping of RAT-dependent integrity parameters 
	Positioning mode
	Positioning method
	Error sources
	Category of error sources
	Spec Impact
	Integrity Fields

	
	
	
	
	
	FFS

	LMF-based
	DL-TDOA
	RSTD measurement
	Timing related measurement
FFS: Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
	LPP
	FFS

	
	UL-TDOA
	RTOA measurement
	Timing related measurement
	NRPPa
	FFS

	
	
	inter-TRP synchronization
	Assistance data

	NRPPa
	FFS

	
	Multi-RTT
	UE Rx-Tx time difference measurement

	Timing related measurement
	LPP
	FFS

	
	
	gNB Rx-Tx time difference measurement
	Timing related measurement
	NRPPa
	

	
	UL-AoA
	Angle of arrival measurement (e.g., AoA/ZoA)
	Angle related measurement
	NRPPa
	FFS

	
	
	ARP location (e.g., ARPLocationInformation)
	Assistance data
FFS: Whether the error statistics of ARP location is available at the gNB
	NRPPa
	FFS

	UE-based
	DL-TDOA
	TRP location (e.g., NR-TRP-LocationInfo)
	Assistance data
FFS: Applicability of the error sources to LMF-based positioning integrity mode
	LPP
	FFS

	
	
	Inter-TRP synchronization (e.g., NR-RTD-Info)
	Assistance data
FFS: Applicability of the error sources to LMF-based positioning integrity mode
	LPP
	FFS

	
	DL-AoD
	TRP location (e.g., NR-TRP-LocationInfo)
FFS: boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo) 
FFS: beam information of DL-PRS (e.g., NR-TRP-BeamAntennaInfo)
	Assistance data
FFS: Applicability of the error sources to LMF-based positioning integrity mode
	LPP
	FFS
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