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Introduction
The Rel-18 NR positioning evolution SID was agreed upon during the RAN#94-e [1] meeting, where one of the objectives included enhancements to target improved integrity for RAT-dependent positioning methods. The following agreements were made during RAN1#109-e [2] to further study the RAN1 impacts of RAT-dependent integrity:
	Improved Integrity:
[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
Agreement
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



This contribution provides a discussion into the identification of potential error sources that may have an impact on RAT-dependent positioning integrity.
RAT-dependent Feared events and Error Sources
Scope
The RAN1#109-e agreements [2] identified error sources arising from timing-based and angle-based methods.  A remaining open issue is to understand the scope of error sources arising from E-CID techniques. Analysing the feared events and error sources of techniques E-CID may not be meaningful as separate technique but rather as a potential vulnerability when used to conjunction with the aforementioned timing-based and angular-based positioning techniques. 

Proposal 1: RAN1 to further study whether NR E-CID is considered in the error source evaluation, when combined or used as input for other RAT-dependent positioning methods.
Types of Error Sources
There are variety of ways in which to categorize the type events and error sources, e.g., based on the error sources at entity/node or due to the radio environment, and whether the errors may be as a result hardware or software faults or whether such errors are inherent to devices/nodes (static), depend on other factors such as input data for a particular positioning technique, errors resulting from the measurements /or configuration, etc.
Measurement Errors
Measurement errors were agreed to be further studied in the context of timing-based and angle-based positioning techniques. Such errors arise from the actual measurement procedure and should not be confused with dependencies of other sources of error (e.g., assistance data, NLOS). Table 1 shows the supported measurements and possible errors. 

[bookmark: _Ref111044743]Table 1: Mapping of possible errors with respect to currently supported measurements
	Timing-based Measurements
	Types of Error

	DL RSTD
	FFS timing-errors at the UE-side including TRP location

	UE Rx-Tx timing difference
	FFS timing-errors at the UE-side 

	gNB Rx-Tx timing difference
	FFS timing-errors at the gNB-side

	UL-RTOA
	FFS timing-errors at the gNB-side 

	Angle-based and RSRP Measurements
	

	UL-AoA
	FFS angle-based errors including ARP location

	DL-PRS RSRP
	FFS received power-based errors

	DL-PRS RSRPP
	FFS received power-based errors

	SRS RSRP
	FFS received power-based errors

	SRS RSRPP
	FFS received power-based errors


  
Proposal 2: Measurement errors should be defined with respect to the errors resulting from the actual measurement procedure. RAN1 to further consider mapping the supported positioning measurements with an associated FFS on the type of measurement error, (e.g., timing-based, angle-based). 
Assistance Data Errors
Assistance data errors may arise from the errors in one of the more configuration elements. For example, the case of DL-TDoA, the expected RSTD is an estimated search window based on the approximate location of the UE. If the search window is erroneous, then the UE will not be able to perform the DL RSTD measurement accurately or compute the final location estimate, which can be referred to as a measurement-dependent assistance error. Other assistance data elements serve to enhance or provide additional useful information for the purposes of positioning, e.g., reporting quality metrics. It is therefore suggested to firstly, distinguish the assistance data errors based on the following:
· Positioning-dependent Assistance data errors (e.g., Expected RSTD, RTD drifts etc., expected angles)
· Positioning non-critical assistance data errors (e.g., non-critical elements to positioning performance, but beneficial).
Proposal 3: Further study assistance data errors in terms of the dependency on affecting critical positioning procedures such as performing measurements and positioning calculation.
Timing Errors
Timing errors may be inherently present at the UE and gNB/TRP. These may include enhancements that were specified in Rel-17, e.g., timing error margin, uncalibrated clocks.  Since the hardware may differ between UE and gNBs, it would be good to distinguish the timing errors based on whether it originates from the UE or gNB. However, at the same time such timing errors may also be inherent to the measurement output, e.g., in the case of timing-based techniques.
Proposal 4: Further study timing errors in terms of UE-specific and gNB-specific errors and whether it should be considered as part of measurement errors.
Multipath/NLOS
The radio propagation environment can also be considered a significant source of feared events. Examples of feared events and errors may include:
· Multipath (due scatterers, reflectors, blockages causing NLOS)
· Interference 
· Radio link/beam failures
· Mobility-related issues in terms of handover
· Lack of network coverage

Proposal 5: Further study the error sources arising from the radio propagation environment including the effect of LOS/NLOS, multipath, interference, radio link/beam failures, handover, sparse network coverage.

Feared/Exceptional Events
Another issue worth further discussion is whether RAN1 would also define the feared/exceptional events in terms of the agreed error sources. In the case of RAT-dependent positioning methods, a specific PL has to be broadly defined with respect to the feared/exceptional and nominal events which may occur internally within the various entities handling positioning, e.g., UE, gNB or LMF or as a result of the different error sources. This has an impact on defining a specific PL. 
Proposal 6: RAN1 to further discuss the relationship between feared/exceptional events with respect to the error sources.
Conclusion
The following proposals are summarized based on the overall discussion on RAT-dependent integrity:
Proposal 1: RAN1 to further study confirm whether NR E-CID is considered in the error source evaluation, when combined or used as input for other positioning methods.
Proposal 2: Measurement errors should be defined with respect to the errors resulting from the actual measurement procedure. RAN1 to further consider mapping the supported positioning measurements with an associated FFS on the type of measurement error, (e.g., timing-based, angle-based).

Proposal 3: Further study assistance data errors in terms of the dependency on affecting critical positioning procedures such as performing measurements and positioning calculation.

Proposal 4: Further study timing errors in terms of UE-specific and gNB-specific errors and whether it should be considered as part of measurement errors.

Proposal 5: Further study the error sources arising from the radio propagation environment including the effect of LOS/NLOS, multipath, interference, radio link/beam failures, handover, sparse network coverage.

Proposal 6: RAN1 to further discuss the relationship between feared/exceptional events with respect to the error sources.
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