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Introduction
In RAN#94-e meeting, a new SID on study on expanded and improved NR positioning was approved [1]. The motivation to extend the integrity to RAT-dependent positioning is justified:
	· 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 last RAN1 meeting, the following agreements were made on the error sources for the LMF-based and UE-based positioning integrity mode [2]:
	Agreement
· 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

Agreement
· 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

Agreement
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

Agreement
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

Agreement
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

Agreement
Study the distribution of RSTD, RTOA and UE/gNB Rx-Tx time measurement error considering the following aspects: 
· Whether TEG-related timing error is an independent error source from timing related measurement error (e.g., RTOA, RSTD, UE/gNB Rx-Tx time difference)
· Whether the measurement error is considered for each ToA or for the reported RSTD value
· Other Details (e.g., mean and standard deviation)
Note : it is encouraged to provide the evaluation assumptions used by companies (e.g., requirements in TS 38.101, TS 38.104, TS 38.133, evaluation assumptions in TR 38.857, LOS/NLOS probability, measurement algorithm) and results (e.g., error histogram) if evaluation is used to determine the distribution, mean and standard deviation or range of values of an error source.

Agreement
Study the distribution of arrival measurement error focusing on the following aspects 
· Whether the angle of arrival measurement 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
· Distribution of AoA measurement error for an NLOS/LOS link
· Other Details (e.g., mean, standard deviation)
Note: 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, LOS/NLOS probability, measurement algorithm) and results (e.g., error histogram) if evaluation is used to determine the distribution, mean and standard deviation or range of values of an error source.




In this contribution, we further provide our views on the error sources of the timing-based and angle-based RAT-dependent positioning methods.

Discussion
[bookmark: _Ref31533076]In the last RAN1 meeting, the error sources were categorized based on the entity that derives the integrity, i.e., the UE-based positioning integrity mode and the LMF-based positioning integrity mode.
Error sources for DL-AoD
For the UE-based positioning integrity mode, whether boresight direction and/or beam information of DL-PRS for DL-AoD should be considered as error sources was left for FFS. In our views, both errors in boresight direction and beam information of DL-PRS will impact the integrity of the DL-AoD, and hence, we propose that:
Proposal 1: For UE-based positioning integrity mode, consider the following error sources in assistance data for DL-AoD:
· boresight direction of DL-PRS
· beam information of DL-PRS

Expected RSTD and Expected AoA/AoD as error sources
In addition, during the last RAN1 meeting, expected RSTD / expected AoA/AoD to be error in assistance data were discussed; however, companies shared quite diverse views. To our understanding, expected RSTD / expected AoA/AoD provides the search window of PRS reception, and the errors of the two fields will directly lead to the timing or angle measurement errors, and hence, should be counted as error sources. Regarding the issue of how to model the errors, in our views, a flag similar as the LOS/NLOS indicator can be used, to indicate the confidential level of the provided expected RSTD and expected AoA/AoD.
Proposal 2: For UE-based positioning integrity mode, consider the following error sources in assistance data for PRS configuration:
· Expected RSTD
· Expected AoA/AoD
Proposal 3: The error of expected RSTD and expected AoA/AoD for PRS configuration can be modelled as confidential level.

LOS/NLOS channel as error sources
Whether multipath/NLOS channel should be identified as an error sources were discussed during the last RAN1 meetings. First, the impact of multipath channel can be covered by measurement errors. On the other hand, regarding the impact of NLOS scenario, Rel-17 has enhanced the LOS/NLOS indicator to flag the NLOS probability of a measurement, which can be treated as a confidential level of a measurement. 
Observation 1: Errors caused by multipath channels can be covered by measurement errors, and errors caused by NLOS scenarios can be reflected by the LOS/NLOS indicator.
Conclusion 1: No need to further identify the error sources resulting from the multipath/NLoS channel.

Conclusions
In this contribution, we provide our views on the integrity of RAT-dependent positioning, and the following proposals are made:
Proposal 1: For UE-based positioning integrity mode, consider the following error sources in assistance data for DL-AoD:
· boresight direction of DL-PRS
· beam information of DL-PRS
Proposal 2: For UE-based positioning integrity mode, consider the following error sources in assistance data for PRS configuration:
· Expected RSTD
· Expected AoA/AoD
Proposal 3: The error of expected RSTD and expected AoA/AoD for PRS configuration can be modelled as confidential level.

Observation 1: Errors caused by multipath channels can be covered by measurement errors, and errors caused by NLOS scenarios can be reflected by the LOS/NLOS indicator.
Conclusion 1: No need to further identify the error sources resulting from the multipath/NLoS channel.
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Appendix: Error sources for RAT-independent positioning
In Rel-17 discussion on the integrity for A-GNSS positioning, feared events were studied and summarized as the following table [3]:
	Feared Event Category 
	Feared Event 
	Examples of positioning integrity assistance information (FFS) 

	1. Feared events in the GNSS Assistance Data 
	Incorrect computation of the GNSS Assistance Data, e.g. software bug, corrupt or lost data
	Validity or quality flags for existing assistance information

	
	External feared event impacting the GNSS Assistance Data, e.g. satellite, atmospheric or local environment feared events (Category 3) impacting the GNSS reference stations in the GNSS correction provider's network.
	

	2. Feared events during positioning data transmission 
	Data integrity faults
	Data corruption check, e.g. CRC

	
	
	Data Authentication / Signature

	3. GNSS feared events
	Satellite feared events
e.g. bad signal-in-space or bad broadcast navigation data
	Satellite health or quality flags

	
	Atmospheric feared events
	Ionospheric indicator

	
	
	Tropospheric indicator

	
	Local Environment feared events, e.g. Multipath, Spoofing, Interference
	Assistance information: Trustable time reference, Data Authentication / Signature, Regionalized indicator of multipath, interference, jamming, spoofing, etc

	4. UE feared events
	GNSS receiver measurement error
	e.g., GNSS-MeasurementList

	
	Hardware faults
	*

	
	Software faults
	*

	5. LMF feared events
	Hardware faults
	*

	
	Software faults
	*

	NOTE:	The positioning integrity assistance information IEs are FFS as part of the WI.
*NOTE:	The UE or LMF are responsible for mitigating these feared events locally, outside the scope of the specifications.
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