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1.	Introduction
The Work Item on "Expanded and Improved NR Positioning" includes the following objective for "RAT-dependent Integrity" [1]:
	· Specify the error modelling parameters, signalling, and procedures to support UE-based and LMF-based integrity of RAT-dependent positioning methods [RAN2, RAN3].



At RAN2#121 and RAN2#121bis-e, the following agreements potentially impacting RAN3 were made [2],[3]:

Agreements:
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.

Working assumption:
[bookmark: _Hlk134222133]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.

Agreement:
Indicate the WA above in the LS to RAN1 to allow them to register any concern.

Agreement:
LS to RAN1 to include a request for confirmation that the beam-related information (Beam Bore-Sight Direction and Beam Antenna Information) are error sources for DL-AoD positioning.

A background of integrity was provided in our previous contribution [4]. In this contribution, we discuss the aspects from the RAN2 agreements above. 
2.	Discussion
Network Integrity Monitoring
Integrity is based on the computation of "Protection Levels". The Protection Level defines the value that, with a very high probability, bounds the error of the navigation solution.
The protection levels are computed based on the expected behaviour of the error sources encountered in a positioning system. The error sources for the NR Positioning Methods were determined by RAN1 during the Study Item phase and are summarized in Table 6.1.1-1 of TR 38.859 [5]. The error sources include:
(1) UE measurement errors:
-	RSTD measurement
-	UE Rx-Tx time difference measurement
-	DL-PRS RSRP/RSRPP
(2) TRP measurement errors:
-	gNB Rx-Tx time difference measurement
-	RTOA measurement
-	Angle of arrival measurement
(3) Network/System errors:
-	TRP/ARP location
- 	Inter-TRP synchronization
-	Boresight Direction of DL-PRS Resource (FFS)
-	Beam Antenna Information of DL-PRS (FFS)
RAN1 confirmed that the error sources can be overbounded by a Gaussian distribution [6]. The parameters for the overbound Gaussian distribution are the mean and standard deviation of each error source [6] (like in GNSS integrity).
The individual error bounds could be derived from real-time reference network measurements. For GNSS, such reference networks are typically maintained by GNSS service providers and how an LMF obtains the data is left to deployment in Rel-17. For NR positioning technologies, a similar reference receiver network would be required to monitor the system to ensure its integrity. For NR, this could for example be realized using PRUs, but is also proposed to be left to deployment/implementation. 

[bookmark: _Hlk117474547]Proposal 1:	How an LMF obtains the network/system error bounds (e.g., TRP/ARP location, synchronization error, etc.) – e.g., using a reference receiver network/PRUs, etc. – should be left to implementation/deployment (similar to Rel-17 GNSS integrity). 

LMF-based PL calculation
To determine the PL by an LMF for UE-assisted mode or network-based positioning methods, the LMF requires the overbounding standard deviation of the UE and TRP measurement error (e.g., RSTD, RTOA, Rx-Tx, AoA, DL-PRS RSRP, DL-PRS RSRPP), which provides an upper bound on the standard deviation of the nominal measurement error .  That is, under fault-free condition, the standard deviation of the measurement error is no greater than . In addition, a bias bound may be needed, which provides the mean value for an overbounding model that bounds the measurement mean error.
The UE and TRP measurement errors are not observable and need to be approximated/estimated via e.g., standard error of the mean which estimates the variability across multiple samples of a population: 
	
	(1)


This standard deviation may serve as a measure of uncertainty and requires a number N of samples. Therefore, periodic measurements are required, where either the UE/TRP determines the sample statistics or the LMF uses the periodic reports from the UE/TRP to determine sample statistics. 
The sample statistics may be derived or used by an e.g., Kalman Filter whose details depends on LMF implementation/algorithms used. Instead of deriving the measurement statistics at the UE/TRP and reporting to an LMF, it seems more flexible and implementation-independent if an LMF determines any statistics from the (already specified) UE/TRP measurement report directly. I.e., a LMF could request periodic reporting from UEs and TRPs and could derive any required statistics from the  measurement reports. 
Observation 1:	For LMF-based PL calculation ("LMF based integrity" in the Work Item objective), there are two general options:
Option 1:  The UE/TRP determines the sample statistics/error bounds and reports them to the LMF, or 
Option 2:  the LMF determines the sample statistics/error bounds using (existing) periodic UE/TRP measurement reporting.

Both Options in Observation 1 seem equivalent and would allow the determination of measurement error bounds (e.g., using equation (1)). However, Option 2 would not require specifying a particular method/equation for determining the error statistics/bounds and therefore, could be up to LMF implementation. For example, the LMF could decide which measurement items are used to determine the bounds (e.g., multiple paths, measurement quality, LOS/NLOS Information, etc.), or how many samples are used or needed (e.g., N in equation (1), etc.). Therefore, Option 2 in Observation 1 could be implementation defined and would be most flexible (i.e., no "hard coding" of the method/definition would be needed). 
Option 2 in Observation 1 above would have no additional RAN3 specification impacts. However, the mechanism for determining the sample statistics/error bounds of the TRP measurements should be aligned with the mechanism for determining the UE measurements sample statistics/error bounds, which is under RAN2's responsibility.
Proposal 2:	Whether the TRP measurement error statistics/bounds (for RTOA, gNB Rx-Tx time difference, AoA) are determined by the TRP or by the LMF should be aligned with the UE measurement error statistics/bounds determination, which is under RAN2's responsibility.
As summarized in Section 1 above, RAN2 made the following Working Assumption:
Working assumption:
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.

Therefore, it is proposed:
Proposal 3:	From RAN3 perspective, the local errors/threats associated with the UE/TRP measurements are implementation dependent. An LMF may address the UE and TRP local errors from UE and TRP measurement results. A specific method for determining local UE and TRP errors/threats is not specified as this is implementation defined.
Proposal 4: 	From RAN3 perspective, the RAN2 Working Assumption can be confirmed: "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."
3.	Summary
In this contribution, we discussed the impacts of integrity support to RAN3. The following Observations and Proposals were made.
Observation 1:	For LMF-based PL calculation ("LMF based integrity" in the Work Item objective), there are two general options:
Option 1:  The UE/TRP determines the sample statistics/error bounds and reports them to the LMF, or 
Option 2:  the LMF determines the sample statistics/error bounds using (existing) periodic UE/TRP measurement reporting.
Proposal 1:	How an LMF obtains the network/system error bounds (e.g., TRP/ARP location, synchronization error, etc.) – e.g., using a reference receiver network/PRUs, etc. – should be left to implementation/deployment (similar to Rel-17 GNSS integrity). 
Proposal 2:	Whether the TRP measurement error statistics/bounds (for RTOA, gNB Rx-Tx time difference, AoA) are determined by the TRP or by the LMF should be aligned with the UE measurement error statistics/bounds determination, which is under RAN2's responsibility.
Proposal 3:	From RAN3 perspective, the local errors/threats associated with the UE/TRP measurements are implementation dependent. An LMF may address the UE and TRP local errors from UE and TRP measurement results. A specific method for determining local UE and TRP errors/threats is not specified as this is implementation defined.
Proposal 4: 	From RAN3 perspective, the RAN2 Working Assumption can be confirmed: "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."
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