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Introduction
In RAN plenary #98 meeting, R18 positioning WID has been discussed and the following objective of positioning integrity was agreed [1]:
· Specify the error modelling parameters, signalling, and procedures to support UE-based and LMF-based integrity of RAT-dependent positioning methods [RAN2, RAN3].
In this contribution, we discuss the question of the methodologies and procedures of RAT-dependent positioning and express our opinions.
 Discussion 
As WID scope shown, RAN1 is not included in the working group. But we think there are remaining work for RAN1, such as whether boresight direction of DL PRS and/or beam information of DL PRS can be error sources, all the details of the error distribution for AOA, timing measurement, SFN initialization time and the value range of mean and standard deviation for all distributions of the identified error sources. Furthermore, for error distribution of AOA measurement, two candidates are agreed as below in RAN1. The down-selection should be further decided in RAN1 in WI which may be based on simulation. We don't think RAN2 can do such decision.
- 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 as function of AoA/ZoA in LCS). 
And Table 1 gives the identified candidates for distributions to model the errors. And we can see that inter-TRP synchronization errors, TRP location error and ARP location error have two candidates distribution. We think RAN1 also needs to determine which distribution to use.

Table 1: Identified candidates for distributions to model the errors due to different error sources
	Error source
	Candidate(s) for distribution for error source

	Timing measurement errors (NOTE 1, 2, 3)
	Gaussian distribution

	Inter-TRP synchronization errors
	· Uniform distribution (NOTE 4)
· Gaussian distribution

	TRP location error (e.g., NR-TRP-LocationInfo)
	· Uniform distribution (NOTE 5)
· Gaussian distribution

	TRP location error (e.g., Geographical coordinates)
	· Uniform distribution
· Gaussian distribution

	ARP location error (e.g., ARPLocationInformation)
	· Uniform distribution
· Gaussian distribution

	NOTE 1: Timing measurement errors are applicable to RSTD, RTOA and UE/gNB Rx-Tx time difference measurements.
NOTE 2: It is assumed that the timing measurement error is associated with the first path.
NOTE 3: It is assumed that the timing measurement error contains TEG related TX/RX timing error if the TEG related information is provided
NOTE 4: This may already be consistent with the uncertainty related to NR-RTD-Info.
NOTE 5: This may already be consistent with the uncertainty related to NR-TRP-LocationInfo.



Proposal 1：Send LS to RAN1 to initiate the following work, e.g., determine the error distribution for AoA, timing measurement, the value range of mean and standard deviation for all distributions of the identified error sources etc.
In study phase, RAN1 has identified error sources for timing-based and angle-based positioning methods that affect the integrity of RAT-dependent positioning, which we summarize in table 2 and analyses the specifications impact.
Table 2: Analysis of RAT-dependent error sources and impacted specifications
	mode
	method
	Error sources
	Category of error sources
	Spec (Procedure) Impact

	
	
	
	
	

	LMF-based
	DL-TDOA
	RSTD measurement
	Timing related measurement in UE

	LPP ProvideLocationInformation IE 

	
	
	inter-TRP synchronization (can be caused in part by errors in SFN initialization time)
	TRP-related information in TRP

	NRPPa

	
	
	TRP location 
	TRP-related information

	NRPPa

	
	UL-TDOA
	RTOA measurement
	Timing related measurement
	NRPPa

	
	
	inter-TRP synchronization (can be caused in part by errors in SFN initialization time)
	TRP-related information

	NRPPa

	
	
	TRP location
	TRP-related information

	NRPPa

	
	Multi-RTT
	UE Rx-Tx time difference measurement
	Timing related measurement
	LPP ProvideLocationInformation IE

	
	
	gNB Rx-Tx time difference measurement
	Timing related measurement
	NRPPa

	
	
	TRP location 
	TRP-related information

	NRPPa

	
	UL-AoA
	Angle of arrival measurement 
	Angle related measurement
	NRPPa

	
	
	TRP location
	TRP-related information

	NRPPa

	
	
	ARP location (e.g., ARPLocationInformation in TS 38.455)
	TRP-related information

	NRPPa

	
	DL-AoD
	DL PRS RSRP/RSRPP measurement
	measurement
	LPP ProvideLocationInformation IE

	
	
	TRP location 
	TRP-related information
	NRPPa

	UE-based
	DL-TDOA
	TRP location (e.g., NR-TRP-LocationInfo in TS 37.355)
	Assistance data
	LPP
provideAssistanceData IE 

	
	
	Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355)
	Assistance data
	LPP provideAssistanceData IE

	
	DL-AoD
	TRP location (e.g., NR-TRP-LocationInfo in TS 37.355)
	Assistance data
	LPP provideAssistanceData IE



Thus, in order to obtain positioning integrity calculation estimation, error sources related information needs to be delivered between UE, network and LMF as shown in the table 2, which will modify the LPP and NRPPa protocols. 
For LMF-based integrity, the measurement errors at UE and gNB need to be reported to LMF, which requires modification of the LPP and NRPPa protocol. As study phase agreed, LMF can send the request of results related to integrity for integrity error sources to UE and RAN. And UE can send the measurements errors statistics related information, such as, mean and standard deviation information for RSTD measurement, UE Rx-Tx time difference measurement, DL PRS RSRP/RSRPP measurement to LMF by using LPP providelocationInformation IE. And gNB can send the measurement errors distribution related information, such as, mean and standard deviation information for RTOA measurement, gNB Rx-Tx time difference measurement, Angle of arrival measurement to LMF by using NRPPa. In addition, TRP location error, ARP location error and inter-TRP synchronization errors statistics related information also need to be transmitted to LMF by using NRPPa. 
For UE-based integrity, in order to calculate the integrity, the LMF also needs to send the TRP-location, inter-TRP synchronization error distribution related information to the UE through the LPP provideAssistanceData IE. 
In additional to LPP related modify, NRPPa spec also needs to be modified to transfer error sources related information. For example, network needs to transmit TRP location, ARP location and inter-TRP synchronization errors statistics related information to LMF.
Proposal 2: For LMF-based positioning integrity mode, UE sends the measurement error source statistics information such as mean and standard deviation in the LPP providelocationInformation message to LMF.
Proposal 3: For UE-based positioning integrity mode, LMF sends TRP-location, inter-TRP synchronization error source statistics information such as mean and standard deviation in the LPP provideAssistanceData message to UE. 
[bookmark: _GoBack]Proposal 4: Send LS to RAN3 to indicate to include TRP location, ARP location, inter-TRP synchronization and gNB measurement error sources related information into the NRPPa.
In addition to error sources related information transmission, UE also need to send capability information to LMF on integrity for UE-based and LMF-based integrity. In Rel-17, we introduced GNSS positioning integrity for UE. And for the RAT-dependent positioning integrity, we can follow the Rel-17 to define the positioning integrity capabilities for each positioning method, which includes error source receiving, error source reporting and positioning integrity result reporting. 
Proposal 5: To support RAT-dependent positioning integrity, UE sends positioning integrity capabilities for each RAT-dependent positioning method to LMF, which includes error source receiving, error source reporting and positioning integrity result reporting.
Considering the signalling to deliver the KPIs and integrity results reporting, RAN2 agree that Rel-17 only supports mode1 reporting. 
For mode 1, the integrity computing entity calculates the PL. Then, the calculated PL is directly reported to where the LCS client resides (Network or UE). For mode 2, the integrity computing entity calculates the PL. Then, the integrity computing entity further compares the calculated PL with the given AL to determine if the positioning system is still available to offer trustable position estimation. Thus, the integrity computing entity may only have to report a binary flag (0 and 1) to indicate whether the positioning system is available or not.
And for mode2, RAN2 decides that it will be revisited in future releases in rel-17. But mode1 and mode2 can be useful in different scenarios. Mode1 can be useful when the LCS client does not want expose the integrity KPIs to LMF/UE. And for mode2, it can reduce the complexity for LCS client. And RAN2 has discussed many issues of reporting mode2, such as whether should include an indicator to tell the UE either reporting mode1 or reporting mode2? Whether allows the UE to raise the flag indicating whether there is an integrity risk? And considering mode2 can be useful in simple APP implementation where the application requires only information on whether integrity performance is met with respect to the KPIs. Thus, in Rel-18, in order to support the positioning integrity in various scenarios, mode1 and mode2 integrity result reporting scan be considered for RAT-dependent positioning.
Proposal 6: Mode1 and Mode2 of integrity results reporting can be supported for RAT-dependent positioning integrity.
[bookmark: _Ref528871418]Conclusions
In this contribution, we discuss the positioning enhancements of Rel-18 positioning integrity techniques. And the proposals are given as follows:
Proposal 1：Send LS to RAN1 to initiate the following work, e.g., determine the error distribution for AoA, timing measurement, the value range of mean and standard deviation for all distributions of the identified error sources etc.
Proposal 2: For LMF-based positioning integrity mode, UE sends the measurement error source statistics information such as mean and standard deviation in the LPP providelocationInformation message to LMF.
Proposal 3: For UE-based positioning integrity mode, LMF sends TRP-location, inter-TRP synchronization error source statistics information such as mean and standard deviation in the LPP provideAssistanceData message to UE. 
Proposal 4: Send LS to RAN3 to indicate to include TRP location, ARP location, inter-TRP synchronization and gNB measurement error sources related information into the NRPPa.
Proposal 5: To support RAT-dependent positioning integrity, UE sends positioning integrity capabilities for each RAT-dependent positioning method to LMF, which includes error source receiving, error source reporting and positioning integrity result reporting.
Proposal 6: Mode1 and Mode2 of integrity results reporting can be supported for RAT-dependent positioning integrity.
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