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Introduction
In this contribution, we continue to discuss the RAT-dependent positioning integrity with consideration of the following issues:
· The signaling and procedure for UE-based integrity;
· The signaling and procedure for LMF-based integrity;
· Stage 2 TP.
Discussion
Acquisition of the error sources bounds
According to the TR 38.859 [1], these error sources include measurement related with Timing and path errors, Inter-TRP synchronization errors, ARP/TRP location error as below table.

	Positioning Integrity Mode
	DL TDOA
	UL TDOA
	Multi-RTT
	UL AoA
	DL AoD

	LMF-based (as defined in Table 9.4.1.1.1 in TR 38.857 [2])
	-	RSTD measurement 
-	TRP location 
-	Inter-TRP synchronization (can be caused in part by errors in SFN initialization time.)
	-	RTOA measurement
-	TRP location 
-	Inter-TRP synchronization (can be caused in part by errors in SFN initialization time.)
	-	UE Rx-Tx time difference measurement
-	gNB Rx-Tx time difference measurement
-	TRP location
	-	Angle of arrival measurement
-	TRP location 
-	ARP location (e.g., ARPLocationInformation in TS 38.455 [17])
	-	TRP location 
-	DL-PRS RSRPP of the first path or RSRP

	UE-based (as defined in Table 9.4.1.1.1 in TR 38.857 [2])
	-	TRP location (e.g., NR-TRP-LocationInfo in TS 37.355 [16]) 
-	Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355 [16])
	
	
	
	-	TRP location (e.g., NR-TRP-LocationInfo in TS 37.355 [16])


For R17 GNSS integrity, the error sources bound distribution is monitored by the observation station and maintained by GNSS service providers, how an LMF obtains the data is left to implementation. For RAT-D integrity, a similar observation station is required to monitor the system to ensure its integrity. In general, similar role like PRU can be used here to obtain such information. But it is already agreed in R17 that the TRP is already precluded to act as PRU. So for simple, we prefer to just leave the acquisition of the TRP related error sources bound distribution to implementation.
Proposal 1: It is left to LMF implementation to decide TRP-related error sources bound distribution.
As for measurement related error sources, the bound distribution can either be observed by UE or NG-RAN node within some duration so as to collect enough measurement results samples, and then provide the corresponding error sources bound distribution to LMF for LMF-based integrity, or instead by LMF implementation or algorithm with the received measurement result from UE and/or NG-RAN. Since in general the positioning is one-shot, it is not proper for UE or NG-RAN to maintain or log the positioning measurement results. And also for simple, it is proposed to leave the acquisition of the measurement error sources bound distribution to implementation or algorithm of LMF, i.e., up to implementation or algorithm, LMF generate the measurement error sources bound distribution based on the measurement results reported by UE and/or NG-RAN in normal positioning procedure.
Proposal 2: It is left to LMF implementation to decide the measurement error source bound distribution based on the measurement results from UE and/or NG-RAN.
Signalling and procedures for RAT-Dependent integrity  
For UE-based integrity, the following agreements were made in RAN2#121.
Agreements:
TRP related error source bounds can be provided to UE via dedicated LPP providing assistance message or posSIB.
Any interaction between the LMF and NG-RAN to support determination of error sources is in RAN3 scope.  Other aspects of determining the TRP error sources are left to deployment and implementation.
For UE-based RAT-dependent integrity, the PL and/or its corresponding TIR are provided to LMF as legacy, using the existing common LPP signalling from Rel-17.
For UE-based integrity, since there are different error sources for different positioning method. Thus it is proposed that the provision for TRP related error source bounds via dedicated LPP should be in per positioning method level.
Proposal 3: For UE-based integrity, RAN2 to agree that the provision of TRP related error source bounds via dedicated LPP message is per positioning method.
Further, in case UE cannot response any positioning integrity results to UE, some error causes as in legacy should be provided to LMF, so that LMF can aware the reason why the integrity fails. 
Proposal 4: For UE-based integrity, RAN2 to agree to introduce new error cause dedicated for integrity calculation in the case that there is no integrity result provided to LMF.
For LMF-based integrity, it is LMF to calculate the positioning integrity based on TRP related error sources and/or the measurement error sources. However, as discussed in P1/P2, since the measurement error sources and the TRP related error sources are already known to LMF due to implementation, thus from RAN perspective, there is not any additional spec impacts to support the LMF-based integrity except the integrity capability coordination between UE and LMF.
Proposal 5: For UE-based and LMF-based integrity, UE need to provide the integrity capability to LMF per positioning method.
Stage 2 TP on integrity
Based on agreement on integrity already made by RAN2, we give a stage 2 TP on RAT-dependent integrity.
Proposal 6: RAN2 to take the stage 2 TP in annex 1 as baseline.
[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions
In this contribution, we discussed the solutions for the integrity of RAT dependent positioning techniques. Based on the discussion, we have the following proposals: 
Proposal 1: It is left to LMF implementation to decide TRP-related error sources bound distribution.
Proposal 2: It is left to LMF implementation to decide the measurement error sources bound distribution based on the measurement results from UE and/or NG-RAN.
Proposal 3: For UE-based integrity, RAN2 to agree that the provision of TRP related error source bounds via dedicated LPP message is per positioning method.
Proposal 4: For UE-based integrity, RAN2 to agree to introduce new error cause dedicated for integrity calculation in the case that there is no integrity result provided to LMF.
Proposal 5: For UE-based and LMF-based integrity, UE need to provide the integrity capability to LMF per positioning method.
Proposal 6: RAN2 to take the stage 2 TP in annex 1 as baseline.
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5.3.x	RAT-dependent integrity
5.3.x.1  General RAT-dependent integrity
[bookmark: OLE_LINK117][bookmark: OLE_LINK118]Integrity is supported for the following NR positioning methods:
-	Multi-RTT positioning;
-	DL-AoD positioning;
-	DL-TDOA positioning;
-	UL-TDOA positioning;
- 	UL-AoA positioning.
5.3.x.2  Integrity Principle of Operation for RAT-dependent integrity
For integrity operation, the network will ensure that:
P(Error > Bound for longer than TTA | NOT DNU) <= Residual Risk + IRallocation               (Equation 5.3.x.2a-1)
for all values of IRallocation in the range irMinimum <= IRallocation <= irMaximum
for all the errors in Table 5.3.x.3b-1, which have corresponding integrity assistance data available and where the corresponding DNU flag(s) are set to false.
The integrity risk probability is decomposed into a constant Residual Risk component provided in the assistance data as well as a variable IRallocation component that corresponds to the contribution from the Bound according to the Bound formula in Equation 5.3.x.2a-2. IRallocation may be chosen freely by the client based on the desired Bound, therefore the network should ensure that Equation 5.3.x.2a-1 holds for all possible choices of IRallocation. The Residual Risk and IRallocation components may be mapped to fault and fault-free cases respectively, but the implementation is free to choose any other decomposition of the integrity risk probability into these two components.
Equation 5.3.x.2a-1 holds for all assistance data that has been issued that is still within its validity period. If this condition cannot be met then the corresponding DNU flag must be set.
Equation 5.3.x.2a-1 holds at any epochs for which Assistance Data is provided. For any bound that is still valid, the network ensures that the Integrity Service Alert and/or Real Time Integrity IEs are also included in the provided Assistance Data if needed to satisfy the condition in Equation 5.3.x.2a-1. 
Where:
Error: Error is the difference between the true value of error sources, and its value as estimated and provided in the corresponding assistance data as per Table 5.3.x.3b-1
Bound: Integrity Bounds provide the statistical distribution of the residual errors. Integrity bounds are used to statistically bound the residual errors after the positioning corrections have been applied. The bound is computed according to the Bound formula defined in Equation 5.3.x.2a-2. The bound formula describes a bounding model including a mean and standard deviation (e.g. paired over-bounding Gaussian). The bound may be scaled by multiplying the standard deviation by a K factor corresponding to an IRallocation, for any desired IRallocation within the permitted range.
Bound for a particular error is computed according to the following formula:
Bound = mean + K * stdDev																	(Equation 5.3.x.2a-2)
K = normInv(IRallocation / 2)
irMinimum <= IRallocation <= irMaximum
where:	mean: mean value for this specific error, as per Table 5.3.x.3b-1
	stdDev: standard deviation for this specific error, as per Table 5.3.x.3b-1

Time-to-Alert (TTA): The maximum allowable elapsed time from when the Error exceeds the Bound until a DNU flag must be issued.
DNU: The DNU flag(s) corresponding to a particular error as per Table 5.3.x.3b-1. Where multiple DNU flags are specified, the DNU condition in Equation 5.3.x.2a-1 is present when any of the flags are true (logical OR of the flags).
Residual Risk: The residual risk is the component of the integrity risk provided in the assistance data as per Table 5.3.x.3b-1. This may correspond to the fault case risk but the implementation is permitted to allocate this component in any way that satisfies Equation 5.3.x.2a-1.
The Residual Risk is the Probability of Onset which is defined per unit of time and represents the probability that the feared event begins. Each Residual Risk is accompanied by a Mean Duration which represents the expected mean duration of the corresponding feared event and is used to convert the Probability of Onset to a probability that the feared event is present at any given time, i.e.
P(Feared Event is Present) = Mean Duration * Probability of Onset of Feared Event		(Equation 5.3.x.2a-3)
irMinimum, irMaximum: Minimum and maximum allowable values of IRallocation that may be chosen by the client. Provided as service parameters from the Network according to Integrity Service Parameters.
5.3.x.3  Mapping of integrity parameters
Table 5.3.x.3b-1 shows the mapping between the integrity fields and the assistance data according to the Integrity Principle of Operation (Clause 5.3.x.2). The corresponding field descriptions for each of the field names listed in Table 5.3.x.3b-1 are specified in TS 37.355 [42].
Table 5.3.x.3b-1: Mapping of Integrity Parameters
	Error
	Integrity Assistance Data
	Integrity Fields

	
	
	Integrity Alerts
	Integrity Bounds (Mean)
	Integrity Bounds (StdDev)
	Residual Risks

	TRP location
	
	
	
	
	

	Inter-TRP synchronization
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