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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RANP#94e, a new study item on expanded and improved NR positioning has been approved [1]. The study item has several objectives, in which one of the objectives is:  
	
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 RAN1#109e meeting as the first Rel-18 NR positioning discussion, the following agreements were made [2]:
	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
· 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

· At least the following error sources for angle -based positioning methods are studied
· TRP/UE measurements errors (e.g., AoA, RSRP, RSRPP expectedAoD/AoA)
· 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
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]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 discuss positioning integrity related to error sources, validity time for reporting and the possibility for adaptation of RAT-dependent positioning based on input from RAT independent methods.
2. Discussion    

The application layer of a UE may contain applications that are highly depending on certain accuracy being provided from a location system. Other applications or users that may also require an accurate positioning estimate of the UE. Furthermore, the location system may need a view on to what level the positioning measurement are reliable.  
In release 17 features to support GNSS integrity was included based on the GNSS integrity concepts. From SID [1] it was agreed to study integrity solutions for RAT dependent positioning. The concepts obtained from GNSS integrity might be preferred to reuse as much as possible for RAT dependant integrity concept. 
Positioning Integrity is a measure of the trust in the accuracy of the position-related data and the ability to provide associated alerts. There is a need to have integrity to ensure the provided positioning estimate is fulfilling various levels of positioning requirements (e.g., accuracy, latency) for the intended service level. 
Indicating the error source that may affect positioning measurement can be beneficial in positioning integrity. In Rel-17 a number of error sources for positioning integrity were identified and those are related to GNSS error sources, e.g. based on orbital, clock, code bias, phase bias Ionospheric or Tropospheric errors, that may affect the positioning measurements.
Sources of error that may influence positioning integrity for timing-based and angle-based were initially discussed in RAN1#109e [2]. For the downlink-based positioning, we expect the error sources are dominantly related to when the UE perform positioning measurements. Similarly for the uplink-based positioning, the error sources are also dominantly related to when the gNB performs positioning measurements. Complementing the error sources information together with the positioning measurements would be beneficial in determining the positioning integrity.
[bookmark: _Toc102037037]Proposal 1: In the context of positioning integrity, support the error sources reporting at UE and gNB, particularly the origin error sources that may affect the positioning measurement at the receiver. 
In RAN1#109e, it was discussed the potential source of errors such as measurements error, synchronization error, and effect of LOS/NLOS. In our view, it is also important to provide the information such as the cause of those error. For example, the relevant error sources that may influence the positioning measurements are for example the hardware imperfections (e.g, clock drift, time/frequency synchronization error), and the conditions when performing positioning measurements (e.g., mobility, temperature, low SNR, limited number of PRS resources, and NLOS aspects). The value of some of the error sources can be reported in the form of statistical value. For example, the statistical value (e.g., mean/std deviation) of the clock drift, synchronization error.
[bookmark: _Toc111194918]Observation 1: In RAN1#109e, various aspects of error sources were observed (timing error, measurement error, LOS/NLOS, etc). However, it is also important to provide the origin error sources that may cause those errors.

Proposal 2: Consider the origin error sources related to hardware imperfections, and the conditions when performing positioning measurements. 
Positioning integrity can be supported by providing multiple positioning measurements report. Furthermore, each measurement may have its own origin error sources. Based on multiple measurements report, the LMF may have rich information. For example, LMF can perform multiple positioning estimations and obtain multiple estimated UE position based on those positioning measurements. High positioning integrity is , for example, obtained when those positioning estimations have small error or reporting similar positioning estimation. 
Proposal 3: Consider multiple positioning measurements from UE/gNB to support positioning integrity.
[bookmark: _Toc102037038]Multiple positioning measurements can be performed by the UE/gNB. These measurements can be beneficial for positioning integrity when it is performed within a predefined time window, preferably within a short time window. This will ensure the positioning measurements are performed with relatively the same conditions. For example, the same error sources, the same clock drift, temperature, etc.
Proposal 4: Consider a timing window where  multiple positioning measurements are performed.

Additionally, there is also an opportunity of using integrity for adapting the RAT based positioning. We argue it is not useful to perform positioning estimations that are anyway not used by the application due to the trustworthiness of the estimations or any error source in the RAT based positioning system. Similarly, there might be less use of performing any RAN based localization if a better estimation of the position is provided by RAT-independent based method. Thereby we consider letting the UE have ability to adapt its position measurements and estimations based on other integrity metrics in a device. In other words, integrity KPIs/results from e.g GNSS could be used to set operating conditions for RAT based positioning. Thereby we propose to have the option to signal RAT-independent based integrity KPIs/results to RAN nodes to assist in positioning method selection/enable/disable or even act as input to resource scheduling for positioning reference signals.
[bookmark: _Toc102037039]Proposal 5: Consider RAT-independent integrity KPIs/results be available for adapting the RAT-dependent positioning methods and integrity reporting.
3. Conclusion
In this contribution we provide our view on integrity for RAT dependent positioning. We made the following observations and proposals:
Observation 1: In RAN1#109e, various aspects of error sources were observed (timing error, measurement error, LOS/NLOS, etc). However, it is also important to provide the origin error sources that may cause those errors.

Proposal 1: In the context of positioning integrity, support the error sources reporting at UE and gNB, particularly the origin error sources that may affect the positioning measurement at the receiver. 
Proposal 2: Consider the origin error sources related to hardware imperfections, and the conditions when performing positioning measurements. 
Proposal 3: Consider multiple positioning measurements from UE/gNB to support positioning integrity.
Proposal 4: Consider a timing window where  multiple positioning measurements are performed.
Proposal 5: Consider RAT-independent integrity KPIs/results be available for adapting the RAT-dependent positioning methods and integrity reporting.
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