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1. Introduction
At the RAN#94-e meeting, revised SID on Rel-18 NR positioning was agreed [1]. The study item includes objectives related to improved positioning accuracy, integrity and power efficiency as follows:
· Improved accuracy, integrity, and power efficiency:
· 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.
· Study solutions for accuracy improvement based on PRS/SRS bandwidth aggregation for intra-band carriers considering e.g. timing errors, phase coherency, frequency errors, power imbalance, etc [RAN4]:
· Study solutions for accuracy improvement based on NR carrier phase measurements [RAN1, RAN4]
· Reference signals, physical layer measurements, physical layer procedures to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning [RAN1]
· Focus on reuse of existing PRS and SRS, with new reference signals only considered if found necessary
· Study the requirements on LPHAP as developed by SA1 and evaluate whether existing RAN functionality can support these power consumption and positioning requirements. Based on the evaluation, and, if found beneficial, study potential enhancements to help address any limitations [RAN2, RAN1]
· Study is limited to a single representative use case (use case 6 as defined TS 22.104). The choice of selected use case can be reviewed at the start of the study.
· Study is limited to enhancements to RRC_INACTIVE and/or RRC_IDLE state

In this contribution, we present our views on solutions for integrity of RAT dependent positioning techniques for Rel-18 NR positioning.

2. Additional error source
Regarding additional error source, the following agreements were made at the last meeting [2].
[bookmark: _Hlk117152652]Agreement
· Study to determine whether SFN initialization time is an independent error source for the following positioning methods and integrity mode 
· UL-TDOA with LMF-based positioning integrity mode 
· UE-assisted DL-TDOA with LMF-based positioning integrity mode
· 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 UE-based positioning integrity mode, study whether boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) of DL PRS are error sources or not, focusing on the following aspects:
· Granularity of boresight direction of DL-PRS and its influence on positioning integrity
· Feasibility and complexity of modeling
· Feasibility of obtaining quality/statistical parameters of beam information from the gNB
· Influence on measurement errors at the UE 
· Other aspects are not precluded
· Note: Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

Agreement
· Study to determine whether DL PRS RSRP/RSRPP measurement is an error source for DL-AoD, focusing at least on the following aspect
· Impact of RSRP/RSRPP measurement on positioning accuracy
· FFS: Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)


First discussion point is applicability of the Inter-TRP synchronization as error sources to LMF-based positioning integrity mode. Regarding Inter-TRP synchronization, one candidate IE is SFN Initialisation Time in NRPPa message. In our understanding, SFN Initialisation Time can be used to calculation of RTOA reference time of SRS (e.g., detection of SRS search window at a TRP), and whether the information can be used for Inter-TRP synchronization decision is not clear. If SFN Initialisation Time is considered as an error source, the candidate distribution model should be both Uniform distribution and Normal distribution similar to the distribution model of NR-RTD-Info in LPP message.
Proposal 1: 
· If SFN Initialisation Time is considered as an error source, the candidate distribution model should be both Uniform distribution and Normal distribution similar to the distribution model of NR-RTD-Info in LPP message.

Second discussion point is whether boresight direction and beam information of DL-PRS can be considered as error sources or not. In our understanding, these parameters are not decided by measurement results, and they are up to gNB implementation. In other words, it would be difficult to define the probability distribution model of these parameters even if these parameters are to be considered as error sources.
Observation 1: 
· Boresight direction and beam information of DL-PRS may not be considered as error sources.

Third discussion point is whether DL-PRS RSRP/RSRPP measurement can be considered as an error source for DL-AoD or not. We think RSRP/RSRPP measurement would include any error, and whether it can be considered as an error source or not may depend on how to use DL-PRS RSRP/RSRPP measurement results for AoD calculation. For example, in case of AoD calculation based on the strongest RSRP/RSRPP DL-PRS resource ID, since the measurement error may not directly impact to the order of DL-PRS resource IDs, DL-PRS RSRP/RSRPP measurement may not be an error source. On the other hand, AoD calculation based on the DL-PRS RSRP/RSRPP values may be considered. In the scenario, since the measurement error may directly impact to AoD calculation, DL-PRS RSRP/RSRPP measurement can be considered as an error source.
Observation 2: 
· From a perspective of AoD calculation based on the strongest DL-PRS resource ID, DL-PRS RSRP/RSRPP measurement may not be an error source.
· From a perspective of AoD calculation based on the DL-PRS RSRP/RSRPP values, DL-PRS RSRP/RSRPP measurement can be considered as an error source.

3. Angle of arrival measurement error
Regarding angle of arrival measurement error, the following agreement was made at the last meeting [2].
Agreement
· Study the following alternatives for expression of angle of arrival measurement error for determination of positioning integrity for UL-AoA, and down select between Alt 1 and Alt 2:
· Alt. 1: No conversion (e.g., the measurement error is expressed as error in AoA or ZoA in LCS/GCS)
· Alt. 2: conversion function (defined function of AoA/ZoA in LCS)
· FFS: Distribution of AoA measurement error for an NLOS/LOS link
· FFS: Other Details (e.g., mean, standard deviation)

Comparing Alt.1 and Alt.2, Alt.1 has a benefit of lower complexity, and we think it’s a straightforward solution. In our understanding, the motivation of Alt.2 is to resolve the correlation between AoA measurement error and ZoA measurement error which may be occurred in some scenario. So far, how much the correlation impacts to the integrity calculation is not clear. Considering the current situation, unless the correlation has large impact to the integrity calculation, Alt.1 would be sufficient to express angle of arrival measurement error.
Proposal 2: 
· Support the following alternative.
· Alt. 1: No conversion (e.g., the measurement error is expressed as error in AoA or ZoA in LCS/GCS)

At the previous meetings, some companies commented that Normal distribution may not be suitable for the probability distribution model of error sources in NLOS scenario. Considering the situation, whether Normal distribution can also be applied to the probability distribution model of error sources in NLOS scenario or not may need discussion based on evaluation results. However, NLOS/LOS detection at UE is optional feature in Rel-17. If the probability distribution model of error sources depends on scenario (i.e., LOS or NLOS), UE without supporting NLOS/LOS detection feature would not be able to determine the probability distribution model of error sources. Considering such case, Normal distribution of error sources as common probability distribution model of error sources in both LOS/NLOS scenarios may be straightforward.
Proposal 3: 
· For AoA measurement error, Normal distribution can be considered as common probability distribution model of error sources in LOS and NLOS scenario.

4. Conclusion
[bookmark: _Hlk110260534]In this contribution, we discussed on solutions for integrity of RAT dependent positioning techniques for Rel-18 NR positioning. Based on the discussion, we made following observations and proposals.
Observation 1: 
· Boresight direction and beam information of DL-PRS may not be considered as error sources.
Observation 2: 
· From a perspective of AoD calculation based on the strongest DL-PRS resource ID, DL-PRS RSRP/RSRPP measurement may not be an error source.
· From a perspective of AoD calculation based on the DL-PRS RSRP/RSRPP values, DL-PRS RSRP/RSRPP measurement can be considered as an error source.
Proposal 1: 
· If SFN Initialisation Time is considered as an error source, the candidate distribution model should be both Uniform distribution and Normal distribution similar to the distribution model of NR-RTD-Info in LPP message.
Proposal 2: 
· Support the following alternative.
· Alt. 1: No conversion (e.g., the measurement error is expressed as error in AoA or ZoA in LCS/GCS)
Proposal 3: 
· For AoA measurement error, Normal distribution can be considered as common probability distribution model of error sources in LOS and NLOS scenario.
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