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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.



As the first SI meeting to discuss the error sources of integrity for RAT-dependent positioning, the following high-level agreements were made in RAN1#109-e meeting [2]:
	[bookmark: _Hlk103672001]Agreement
· 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

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

Agreement
For the purpose of discussion of error sources, reuse the definitions for RAT-dependent integrity and update the references to GNSS in Section 8.1.1a in TS38.305 to also include RAT-dependent methods.
· Note: The intention of the proposal is not to make text proposals for TS 38.305
· FFS: whether to modify and/or how to modify, for the purpose of discussion in RAN1, terms in 8.1.1a in TS 38.305 (e.g., definitions for “Error”, “Bound”, “Time-to-Alert (TTA)”, “DNU”, “Residual Risk”, “irMinimum, irMaximum”) for RAT dependent positioning methods
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In addition to the agreed aspects for the study, study the following aspects for error sources for timing/angle based positioning methods
· Mapping between an error source and a positioning method (e.g., DL, UL, DL&UL positioning method)
· e.g., error in TRP location can be an error source for UE-based DL-AoD
· Other aspects are not precluded




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

Discussion
[bookmark: _Ref31533076]Integrity is a measure of the trust in the accuracy of the position-related data and the ability to provide associated alerts, which is an important performance metric to ensure the reliability of a positioning system. In Rel-17, the motivation to include the integrity as a performance metric for both RAT-dependent and RAT-independent positioning was identified; however, due to the heavy workload and limited time, only the integrity of the A-GNSS positioning was studied and specified.
In Rel-16 and Rel-17, the NR positioning mainly focused on the accuracy performance metric, and the positioning accuracy, taking horizontal accuracy as an example, has been improved from < 3m (indoor) / < 10m (outdoor) for 80% UEs to < 1m for 90% UEs for commercial use cases, and to < 0.2m or 0.5m for 90% UEs for IIoT use cases. Mathematically, the accuracy places the cut-off at 90% to ensure that the positioning errors of 90% of UEs should be less than the accuracy requirement; while the integrity focused on the tail of the error distribution, and to keep the probability of hazardous situations extremely low. Hence, integrity is an important metric in use cases such as V2X, real-time tool assignment in assembly line, tracking of forklifts and AGVs in logistics and warehousing, etc.

2.1 Error sources for RAT-dependent 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.



When studying the error sources of RAT-dependent positioning, a similar path can be used. In the following table, the error sources for both timing-based and angle-based positioning that we believed should be considered is provided (including the agreed items):
	Error sources 
	Timing-based positioning
	Angle-based positioning

	Errors in assistance data
	TRP location errors (agreed)
RTD errors (agreed)
Expected RSTD
	TRP location errors (agreed)
TRP beam information errors (agreed)
Expected AoA/AoD

	Errors in gNB/UE
	TRP antenna referent point errors
UE clock drifting
	TRP antenna referent point errors

	Errors in gNB/UE measurements (agreed)
	e.g., DL RSTD, DL PRS RSRP, DL PRS RSRPP, gNB/UE Rx-Tx time difference

	e.g., DL PRS RSRP, DL PRS RSRPP, UL AoA



· Expected RSTD / Expected AoA/AoD
During the last RAN1 meeting, expected RSTD / expected AoA/AoD to be error in assistance data were proposed by some companies and 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 /  expected AoA/AoD.

· Errors in measurements
In the last RAN1 meeting, the model of error sources including distribution, mean and/or standard deviation for integrity overbounding model were agreed for further study. Due to the central limit theory, we think that the measurement errors can be modelled as normal distribution.

· Errors by multipath/NLOS channel
Whether multipath/NLOS channel should be identified as an error sources were intensively discussed during the last RAN1 meeting. 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. 

Proposal 1: Further study the following error sources of RAT-dependent positioning:
· Errors in assistance data
· Expected RSTD
· Expected AoA/AoD
· Errors in gNB/UE
· TRP antenna referent point errors
· UE clock drifting
Proposal 2: Model the measurement errors as normal distribution.
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: Further study the following error sources of RAT-dependent positioning:
· Errors in assistance data
· Expected RSTD
· Expected AoA/AoD
· Errors in gNB/UE
· TRP antenna referent point errors
· UE clock drifting
Proposal 2: Model the measurement errors as normal distribution.
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.

References
[1] [bookmark: _Ref101340038]RP-213588, Revised SID on Study on expanded and improved NR positioning, 3GPP TSG RAN Meeting #94e.
[2] Chair’s Notes RAN1#109-e meeting 9.5 EOM2.
[3] [bookmark: _Ref109381693]TR 38.857, Study on NR Positioning Enhancements, v17.0.0.


2/4
