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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#110 meeting, the following agreements were made [2]:
	Agreement
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
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
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
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
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
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.
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.




In this contribution we discuss positioning integrity related to the error sources of RAT-dependent positioning.
2. Discussion    
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. Alternatively, the error source can be measured, for example, in the LMF. The LMF receives the positioning measurement reports from the UE. The LMF can calculate the statistic of the collected measurements. High variation of the collected measurements can be seen as the error source of the positioning estimation.
In RAN1#110, the error sources of LMF-based positioning integrity mode are at least the reported timing measurements (e.g, RSTD, RTOA), and/or the reported angle measurement (e.g., AoA). Those error sources shall be properly modeled so that it can be quantitatively used for positioning integrity. In our view, the measurement error shall be modeled with Gaussian distribution with some specific parameters, such as mean, standard deviation, and range.
Proposal 1: Each measurement (e.g., RSTD, RTOA, AoA) has its own error source model and modeled as Gaussian distribution with mean, standard deviation, and range as the parameters.
The reported measurements has been agreed as the error source for integrity. We consider this information may not be sufficient as there are many factors which may affect the measurements performed in the UE or gNB. In order for the LMF to create the distribution of the reported measurement error, the LMF requires to collect multiple measurements. It is important for the LMF to know whether those measurements are collected with the same conditions or not. By knowing the condition when the measurement is performed, the LMF can remove the undesired measurement results in the measurement error distribution calculation. The measurement conditions are for example the noise / interference when measurement is performed, and also the PRS configuration used by the UE (e.g, limited number of PRS or all available PRS).
Observation 1: The UE / gNB conditions when positioning measurement is performed can be used to refine the creation of measurement error distribution model.
Proposal 2: Consider the conditions (e.g., noise / interference, PRS configuration) when positioning measurement  is performed as assistance information related to the error source for integrity.
3. Conclusion
In this contribution we provide our view on integrity for RAT dependent positioning. We made the following observations and proposals:
Observation 1: The UE / gNB conditions when positioning measurement is performed can be used to refine the creation of measurement error distribution model.
Proposal 1: Each measurement (e.g., RSTD, RTOA, AoA) has its own error source model and modeled as Gaussian distribution with mean, standard deviation, and range as the parameters.
Proposal 2: Consider the conditions (e.g., noise / interference, PRS configuration) when positioning measurement  is performed as assistance information related to the error source for integrity.
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