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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:
RAN1#110 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
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.



This contribution provides a discussion into the identification of potential error sources that are under scope of 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. It was also further discussed in the RAN1#110 summary with no further progress on the issue [3]. Analysing the feared events and error sources of techniques for both NR DL and UL 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. Depending on certain positioning, E-CID may be considered as input to improve the assistance data information. 

Proposal 1: RAN1 to further study whether NR UL and DL E-CID is considered as part of error source evaluation for timing-based and angle-based techniques. FFS if this may be considered as part of the assistance data error.

On the applicability of analysing the error sources for the currently ongoing Rel-18 positioning items, it is recommended to await the final study conclusions before analysing the potential error sources of the supported Rel-18 RAT-dependent positioning methods. 

Proposal 2: RAN1 to await the progress of the Rel-18 positioning methods to consider as part of the error source evaluation.

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 mapping of supported measurements and error modelling. Note that the error modelling corresponds to the LOS measurement.

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

	DL RSTD
	Gaussian

	UE Rx-Tx timing difference
	Gaussian

	gNB Rx-Tx timing difference
	Gaussian

	UL-RTOA
	Gaussian

	Angle-based and RSRP Measurements
	

	UL-AoA
	Gaussian

	DL-PRS RSRP
	Gaussian

	DL-PRS RSRPP
	Gaussian

	SRS RSRP
	Gaussian

	SRS RSRPP
	Gaussian


  
Proposal 3: Support Gaussian distribution for DL-based, UL-based and (DL+UL)-based LOS positioning measurements.
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 4: 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 5: 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 whether NR UL and DL E-CID is considered as part of error source evaluation for timing-based and angle-based techniques. FFS if this may be considered as part of the assistance data error.
Proposal 2: RAN1 to await the progress of the Rel-18 positioning methods to consider as part of the error source evaluation.

Proposal 3: Support Gaussian distribution for DL-based, UL-based and (DL+UL)-based LOS positioning measurements.

Proposal 4: 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 5: RAN1 to further discuss the relationship between feared/exceptional events with respect to the error sources.
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