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1 Introduction
[bookmark: _Hlk101171169]The Rel-18 Positioning Study Item RP-213588 [1] includes the following:  
	Positioning integrity is a measure of the trust in the accuracy of the position-related data and the ability to provide timely warnings based on assistance data provided by the network. The focus in Rel 17 work was on GNSS integrity, and for Rel-18 it is natural to extend this to address other positioning techniques as well as there are relevant integrity aspects of mission critical use cases that rely on positioning estimates and the corresponding uncertainty estimate. Integrity enables applications to make the correct decisions based on the reported position, e.g., when monitoring a robotic arm to decide whether its arm movement are within allowed limits to ensure safety distances to humans and other objects.
· 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.



At the last meeting RAN1#109-e, the following agreements were made regarding the Integrity objective: 
	
[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

[bookmark: _Hlk104074995]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





[bookmark: _Hlk111099983]In this paper, we present our views on the integrity objective. 
2 Integrity 
2.1 Identification of Error Sources in Assistance Data
In the last meeting RAN1#109-e, it was agreed that assistance data elements should be studied as sources of errors. The agreement included examples of such assistance data, and the details of each source (e.g., mean/standard deviation/range) were left as FFS. In this paper, we will identify and propose specific assistance data elements that should serve as error sources for the purposes of integrity computation.
Note that in general, for all these sources, the assistance data is used (or at least, can potentially be used) for positioning computation. Hence it is easily seen that it is possible for the network to configure them incorrectly (e.g., wrong PRS configuration) or inaccurately (e.g., configured TRP location is not exactly the true TRP location) in a way that will impact the accuracy of the position calculation. The detailed mechanisms of how the impact occurs and how severe it is will vary, but there will clearly be some impact at least in some scenarios. This already provides motivation to treat it as an error source for integrity, since the integrity framework should allow capturing of even low probability error events. RAN2 will define how it should be used for integrity calculations, and our companion RAN2 paper [2] proposes these details, including how to reuse the paired Gaussian overbounding model (that was used for Rel-17 GNSS integrity) to compute the integrity bound.
The following assistance data elements include information affecting the integrity of the NR positioning system:
1) NR-DL-PRS-AssistanceData: This includes Expected RSTD and Expected AoA/AoD. The UE can use these to determine the time window to search for the PRS and the angular window and associated Rx beams to be used to search for the PRS. Inaccurate settings of these parameters can cause the UE to miss the LOS path, which impacts positioning performance. The assistance data also includes the PRS configuration, which should exactly match the actual transmitted PRS, else the positioning integrity is affected, e.g., with the wrong scrambling seed or the wrong resource OFDM symbol index, the UE will likely fail to detect the PRS and thus fail to identify any paths from the corresponding TRP. 
2) NR-TRP-LocationInfo: ARP location for each DL-PRS resource may not match the true ARP location, resulting in positioning inaccuracy.
3) NR-DL-PRS-BeamInfo (Rel-16) and NR-TRP-BeamAntennaInfo (Rel-17): Respectively, spatial direction information of the PRS resource and beam-shape information of the TRP may not match their true values, for example, due to error in calibration of the beam shape in the panel coordinates (LCS), or due to error in conversion of this beam shape from LCS to GCS (e.g., due to inaccuracies in the measured orientation of the panel). This would affect angle based positioning accuracy/integrity.
4) NR-RTD-Info: RTD of the TRPs indicated to the UE may not match the true RTD for each DL-PRS Resource, resulting in inaccuracy of DL-TDOA based positioning.
5) NR-DL-PRS-ExpectedLOS-NLOS-Assistance: Expected likelihood of a LOS propagation path could be set to be low even if the path is LOS, or may be set to be very high even if the path is NLOS. 
6) NR-DL-PRS-TRP-TEG-Info: Provided association information of DL-PRS Resources with TRP Tx TEGs compared to the true association. E.g., if two resources are indicated to belong to the same TEG, UE may assume that the observed difference between their timings may be due to factors other than Tx group delay (such as multipath), which may be misleading if the group-delay is the actual underlying cause of this mismatch.
For the continuous parameters among the above (e.g., NR-RTD-Info), the paired Gaussian overbounding approach [2] can be reused just as in GNSS integrity in TS 38.305: 
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 discrete parameters such as PRS scrambling seeds and NR-DL-PRS-TRP-TEG-Info, they are either set correctly or set incorrectly.  The above equation involves comparing the error to a bound which itself involves a formula using the mean and variance of the specific error; thus this approach is not conducive to bounding errors in discrete parameters. In that case, the equation could be simply modified to replace the comparison “Error > Bound ” to simply “Error occurred”, and no bound formula or mean and variance of the error is involved.  
Parameters that themselves represent statistical properties of other parameters (such as ExpectedRSTDUncertainty) or event probabilities (such as NR-DL-PRS-ExpectedLOS-NLOS-Assistance), may not themselves be discrete like the PRS scrambling seeds. Nevertheless, the notion that there is an error in their setting and this error exceeds a bound may be hard to test or verify, because it involves the notion of the true value of the statistical property or the true probability of an event, which is more abstract and harder to quantify, compared to the true value of non-statistical quantities such as a TRP location or a beam angle. However, even such parameters can be used for location calculations, and could thus impact the integrity. Hence they could be still be associated with a DNU flag, even though they may not be associated with bounds, residual risk, or IRallocation.
Proposal 1: The following Assistance Data elements are considered as error sources for integrity computation, and paired Gaussian overbounding is used to bound the errors (i.e., deviations from their true values) in these elements
1) TRP LocationInfo
2) NR-RTD-Info
3) ExpectedRSTD, ExpectedAoA, ExpectedAoD
4) NR-DL-PRS-BeamInfo and NR-TRP-BeamAntennaInfo
Proposal 2: Assistance data elements that represent discrete quantities can also be part of integrity calculations, with their own DNU flags and risk allocations, but without a bound formula for their error. 
· PRS configuration parameters and NR-DL-PRS-TRP-TEG-Info are considered as error sources of this kind.
Proposal 3: Statistical parameters within assistance data, such as variances, uncertainties, and even probabilities, may be associated with DNU flags, even if they are not associated with risk allocations or bound formulas. 
3 Conclusions
In this paper, we discussed error sources for integrity, and made the following proposals:
 
Proposal 1: The following Assistance Data elements are considered as error sources for integrity computation, and paired Gaussian overbounding is used to bound the errors (i.e., deviations from their true values) in these elements
5) TRP LocationInfo
6) NR-RTD-Info
7) ExpectedRSTD, ExpectedAoA, ExpectedAoD
8) NR-DL-PRS-BeamInfo and NR-TRP-BeamAntennaInfo
Proposal 2: Assistance data elements that represent discrete quantities can also be part of integrity calculations, with their own DNU flags and risk allocations, but without a bound formula for their error. 
· PRS configuration parameters and NR-DL-PRS-TRP-TEG-Info are considered as error sources of this kind.
Proposal 3: Statistical parameters within assistance data, such as variances, uncertainties, and even probabilities, may be associated with DNU flags, even if they are not associated with risk allocations or bound formulas.   
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