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1 Introduction
According to the WID [1] of RAN #94, Rel-18 NR positioning will take RAT-dependent positioning integrity into account. And the study scope of integrity are given as follows. 

· 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 this contribution, we discuss the error sources for RAT-dependent positioning and express our opinions.
2 Error sources for RAT-dependent positioning integrity 
In Rel-18 first RAN1 meeting, the following agreements has been approved. The research of error sources will be divided into timing-based positioning and angle-based positioning methods. And then, each error sources will be mapped to specific positioning method, e.g., DL, UL, DL&UL positioning method.
	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)
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
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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



For timing-based positioning methods, we give the error sources list which may be considered in integrity calculation:
· TRP/UE measurements error sources: 
· TRP measurement errors (RTOA/ UL-RSRP/UL-RSRPP/gNB Rx-Tx time difference measurements)
· UE measurement errors (RSTD/ DL-RSRP/DL-RSRPP/UE Rx-Tx time measurements) 
· Error in assistance data: 
· Synchronization errors (between TRPs)
· TRP location
· TRP antenna calibration error 
· TRP/UE Timing error
· Rx/Tx/RxTx TEG 
· Difference of Rx/Tx/RxTx TEG of the same UE 
· TRP Rx/Tx/RxTx TEG 
· Differences of Rx/Tx/RxTx TEG of the same TRP 
· UE/TRP clock drifting
And for angle-based positioning methods, the following error sources may need to be considered in calculation integrity:
· TRP/UE measurements error sources: 
· TRP measurement errors (UL-AOA/UL-RSRP/UL-RSRPP)
· UE measurement errors (DL-RSRP/DL-RSRPP) 
· Error in assistance data: 
· TRP location
· TRP antenna reference point (ARP) errors (or antenna phase center errors) 
· TRP beam antenna information
Thus we propose that
Proposal 1: The following error sources for timing-based positioning methods may be considered for the Integrity of RAT-dependent positioning.
· TRP/UE measurements error sources: 
· TRP measurement errors (RTOA/ UL-RSRP/UL-RSRPP/gNB Rx-Tx time difference measurements)
· UE measurement errors (RSTD/ DL-RSRP/DL-RSRPP/UE Rx-Tx time measurements) 
· Error in assistance data: 
· Synchronization errors (between TRPs)
· TRP location
· TRP antenna calibration error 
· TRP/UE Timing error
· Rx/Tx/RxTx TEG 
· Difference of Rx/Tx/RxTx TEG of the same UE 
· TRP Rx/Tx/RxTx TEG 
· Differences of Rx/Tx/RxTx TEG of the same TRP 
· UE/TRP clock drifting
Proposal 2: The following error sources for angle-based positioning methods may be considered for the Integrity of RAT-dependent positioning.
· TRP/UE measurements error sources: 
· TRP measurement errors (UL-AOA/UL-RSRP/UL-RSRPP)
· UE measurement errors (DL-RSRP/DL-RSRPP) 
· Error in assistance data: 
· TRP location
· TRP antenna reference point (ARP) errors (or antenna phase center errors) 
· TRP beam antenna information

In the above content, we list all the errors that may affect the integrity. However, not all errors can be able to standardize. Some of them may be dependent on specific implementations and difficult to model the distribution. For example, the UE clock drifting is highly dependent on the products components. Thus, in order to facilitate standardization, the first issue needs to consider is that what are the criteria for standardizing error sources. From our perspective, the most important criteria is that the error source can be quantified and modeled. Thus we propose that 
Proposal 3: In order to standardization, the criteria to become an error source should be that error source can be quantified and modeled.
From the last meeting agreements, effects of multipath/NLoS channels on TRP/UE measurement errors are FFS. From our opinion, the multipath can be covered by positioning measurement, reflected in multipath measurement or LoS/NLoS indicator. And in current specification, UE may be configured to measurement and report multipath measurement results. And the likelihood of LoS are indicated by LoS/NloS indicator. Thus, we proposal that
Proposal 4: Multipath errors can be covered by measurement errors.
In order to determine the integrity error, it is first thing to model each error. In GNSS integrity, each error follows paired overbounding distribution principle. And the mean and deviation of error sources, such as orbit, clock, code/phase bias, ionosphere error are determined by LMF. And LMF will transmit it to the UE via assistance data for integrity calculation. 
For RAT-dependent integrity, the error sources can be divided into normal error and abnormal error. The normal error may be able to model as Gaussian distribution with unknown mean and deviation. For example, measurement-related error may be able to model as Gaussian distribution. And the values of mean and deviation may be determined by considering the upper and lower performance limit requirements of RAN4. And another way to determine the values of mean and deviation may be from assistance data. Specifically, for some error caused by TRP, the mean and deviation of error sources may be determined by gNB, and then be transmitted to LMF via NRPPa signalling. The abnormal error may occur rarely, but they can cause great impact. For example, the malfunction of the TRP or UE happens when transmit or receive the PRS/SRS. RAN1 should further discuss whether and how to handle abnormal errors in subsequent standardization process.
Proposal 5： To identify the mean and deviation for the overbounding model， the following approaches are presented:
· Use information from assistance data
· Use performance requirements defined in RAN4
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In this contribution, we discuss the positioning enhancements of Rel-18 positioning integrity techniques. And the proposals are given as follows:
Proposal 1: The following error sources for timing-based positioning methods may be considered for the Integrity of RAT-dependent positioning.
· TRP/UE measurements error sources: 
· TRP measurement errors (RTOA/ UL-RSRP/UL-RSRPP/gNB Rx-Tx time difference measurements)
· UE measurement errors (RSTD/ DL-RSRP/DL-RSRPP/UE Rx-Tx time measurements) 
· Error in assistance data: 
· Synchronization errors (between TRPs)
· TRP location
· 
· TRP antenna calibration error 
· TRP/UE Timing error
· Rx/Tx/RxTx TEG 
· Difference of Rx/Tx/RxTx TEG of the same UE 
· TRP Rx/Tx/RxTx TEG 
· Differences of Rx/Tx/RxTx TEG of the same TRP 
· UE/TRP clock drifting
Proposal 2: The following error sources for angle-based positioning methods may be considered for the Integrity of RAT-dependent positioning.
· TRP/UE measurements error sources: 
· TRP measurement errors (UL-AOA/UL-RSRP/UL-RSRPP)
· UE measurement errors (DL-RSRP/DL-RSRPP) 
· Error in assistance data: 
· TRP location
· TRP antenna reference point (ARP) errors (or antenna phase center errors) 
· TRP beam antenna information
Proposal 3: In order to standardization, the criteria to become an error source should be that error source can be quantified and modeled.
Proposal 4: Multipath errors can be covered by measurement errors.
Proposal 5： To identify the mean and deviation for the overbounding model， the following approaches are presented:
· Use information from assistance data
· Use performance requirements defined in RAN4
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