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1. Introduction
During RAN2#119-e, the following agreements were made on RAT-dependent integrity [1]:

Agreements:

Proposal 1: RAN2 to confirm the integrity principle of operation defined in the section 8.1.1a of TS38.305, including integrity definition (e.g., Error, Bound, Time to Alert, DNU, Residual Risk, irMinimum, irMaximum and Correlation Times; FFS if all parameters are needed in the RAT-dependent case), Equations for the GNSS integrity are reused for RAT dependent positioning methods.  

Proposal 2 (modified): RAN2 may add the mapping between Integrity definition/Fields (Integrity Alerts, error bounds (mean, StdDev), Residual Risks, Integrity correlation times ) and Error sources/assistance data for RAT-dependent positioning methods later once RAN1 identifies new error sources.  

In this contribution, we discuss remaining aspects on the procedures and signalling for RAT-dependent Integrity that can be targeted for Rel-18.
2. Discussion  
2.1 Positioning Methods vs. Integrity Modes

In Rel-17, the support for integrity was specified for GNSS-based positioning, in particular for UE-based mode of GNSS positioning. As agreed during RAN2#119e, similar principles can be applied for supporting integrity for RAT dependent positioning methods. 
The Rel-18 SID includes an objective to study the methodologies, procedures, signalling, etc for determination of positioning integrity for both UE-based and UE-assisted positioning. However, whether/how the different UE-based and UE-assisted positioning methods can be applicable for UE-based and LMF-based integrity modes were not discussed during RAN2#119e meeting.  
In this regard, a mapping between different the positioning methods and the integrity modes can be useful for identifying which of the existing procedures and signaling can be reused/extended and which may be enhanced. In previous RAN1#109e meeting, the following relationship was identified in the FL summary [1], based on identification of the entity (UE or LMF) where the integrity result can be calculated when supporting different positioning method:

Table 1: Relationship between positioning integrity mode for RAT dependent positioning methods 

	
	UE-based positioning integrity mode
	LMF-based positioning integrity mode

	UE-based DL-TDOA
	Applicable
	Not applicable

	UE-assisted DL-TDOA
	Not applicable
	Applicable

	UE-based DL-AoD
	Applicable
	Not applicable

	UE-assisted DL-AoD
	Not applicable 
	Applicable

	Multi-RTT
	Not applicable
	Applicable

	UL-TDOA
	Not applicable
	Applicable

	UL-AoA
	Not applicable
	Applicable


Such mapping can be used as a baseline for discussing the support for the UE-based/LMF-based modes and to identify the potential extensions/enhancements to the LPP procedures/signaling.    

Proposal 1: 
Capture in the TR, the mapping between the positioning methods and integrity mode (i.e. UE-based, LMF-based)
2.2 Error sources
In RAN1#110e [3], the following agreements related to error sources are made. Error sources related to measurements and assistance data were agreed. Based on the RAN1 agreements, enhancements related to signaling can be studied in RAN2. 
Proposal 2: 
Based on error sources, related to related to measurements and assistance data, identified in RAN1, study enhancements related to assistance data to support integrity determination
	Agreement
· For LMF-based positioning integrity mode, at least the followings are error sources for timing related measurements :

· RSTD measurement is an error source for DL-TDOA 
· RTOA measurement is an error source for UL-TDOA

· UE Rx-Tx time difference measurement is an error source for Multi-RTT

· gNB Rx-Tx time difference measurement is an error source for Multi-RTT

· 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 LMF-based positioning integrity mode, at least angle of arrival measurement is an error source for UL-AoA

· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)

· FFS: The error can be expressed as the error of the AoA/ZoA in LCS or GCS or the error of a defined function of AoA/ZoA in LCS.
· 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, at least the following are error sources in assistance data : 

· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) and Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355) are error sources for DL-TDOA

· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) is an error source for DL-AoD

· FFS: whether boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo in TS 37.355) is an error source

· FFS: whether beam information of DL-PRS (e.g., NR-TRP-BeamAntennaInfo in TS 37.355) is an error source 

· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)

· Other error sources are not precluded

· FFS : Applicability of the above error sources to LMF-based positioning integrity mode

· Note : Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

Agreement
For LMF-based positioning integrity mode, ARP location (e.g., ARPLocationInformation in TS 38.455) is an error source for UL-AoA.

· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity)

· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

· FFS : Whether the error statistics of ARP location is available at the gNB

· Other error sources are not precluded

Agreement
For LMF-based positioning integrity mode, at least inter-TRP synchronization is an error source for UL-TDOA. 

· FFS : Specification impact of inter-TRP synchronization as an error source for UL-TDOA

· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857


An illustrative relationship between error sources and positioning methods is shown in Figure 1.
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Figure 1 An illustrative relationship between error sources and positioning methods
2.2 Integrity in UE-based mode

For UE-based mode, the UE calculates its own location and integrity based on the assistance data on integrity received from the network and PRS measurements performed by UE. For UE-based mode, the procedures and signalling specified during Rel-17 can be used as baseline for determining integrity of RAT-dependent positioning. 
Proposal 3: 
For UE-based mode, the procedures specified in Rel-17 are used as baseline for integrity of RAT dependent positioning

For integrity of UE-based MO-LR, the LCS client can deliver the integrity KPIs (e.g. AL, TIR, TTA) to the UE. The UE can send an LPP request for assistance data to LMF and in response, the LMF can provide the assistance data on integrity (e.g. error sources info/parameters, correction data). Upon making positioning measurements and calculating the integrity result (e.g. PL), the UE can send the results to the LCS client. 
For integrity of UE-based MT-LR, the LPP capability transfer procedure can be used for requesting/providing UE capability for supporting integrity for RAT-dependent positioning. The LMF can consequently provide the assistance data on integrity (e.g. error sources) to the UE. 
In Rel-17 GNSS integrity, the integrity requirements/KPIs are provided to the UE via common IEs. Whether similar approach can be used for providing integrity requirements (e.g. TIR, AL, TTA) for RAT-dependent positioning should be discussed. From signalling perspective, both info on error sources and integrity requirements can be provided to the UE in the LPP provide assistance data message. Next, the LPP location info transfer procedure can be used for requesting and providing the integrity results (e.g. PL) calculated by the UE to the LMF. 
Proposal 4: 
Support UE sending capability info to LMF on integrity for UE-based mode using LPP capability transfer procedure

Proposal 5: 
Study the contents of assistance data (e.g. error source info, correction info) that can be provided by LMF to UE for integrity of UE-based mode
Proposal 6: 
Support transferring integrity requirements (e.g. TIR) from LMF to UE in LPP provide assistance data message for supporting integrity for UE-based mode
Proposal 7: 
Support the UE sending integrity result (i.e. PL) to LMF using LPP location info transfer procedure for UE-based mode
2.3 Integrity in LMF-based mode

In LMF-based (UE-assisted) mode, UE makes PRS measurements in DL-based positioning and sends to LMF the measurement reports. In UL-based positioning, the TRPs perform measurements of SRS for positioning (SRSp) transmitted by UE and sends the measurement reports to LMF. In both cases, LMF determines the UE location and calculates the integrity results.  
For integrity of LMF-based MO-LR, the integrity results (e.g. PL) can be calculated at the LMF and provided to the UE based on measurements reported by the UE. Similarly, for integrity of LMF-based MT-LR, LMF can calculate the integrity results and forward the results to the LCS client.  
For DL-based positioning, whether any new assistance data or new measurements associated with integrity are needed for LMF-based mode is not clear. The measurement report containing the DL-PRS measurements provided by UE to LMF may be sufficient for the LMF to calculate integrity, hence no new impacts to procedures and signalling are expected. As such, any discussions on integrity for LMF-based mode in DL-based positioning are to be considered only during later stages of SI, if time permits.
Proposal 8: 
For DL-based positioning, whether and how to support integrity in LMF-based mode, and the corresponding details are to be considered during later stages of SI, if time permits
2.4 Integrity results reporting and DNU flags
The modes for reporting of the calculated integrity result discussed during Rel-17 are as follows [4][5]:
· Mode 1 of Integrity Result Reporting: PL Reporting

· Mode 2 of Integrity Result Reporting: Integrity Event Flagging

Both modes of integrity result reporting can be beneficial, depending on granularity of integrity information required by the LCS client/network. 
For example, Mode 1 can be used in scenarios where the network requires the calculated PL result based on monitoring of error sources and PRS/SRSp measurements. Mode 2 can be useful in scenarios where the LCS client requires only an indication on whether integrity performance is met with respect to the integrity requirements (e.g. AL, TTA, TIR). For Mode 2, a binary flag (0 and 1) can be used to indicate whether any of the components of network or positioning system are available or not (e.g. whether positioning system is available to offer trustable location estimation) [4].

Another type of indication may include reporting of do not use (DNU) flags for certain beams or TRPs, for example. However, whether and how DNU flags are applicable for RAT dependent positioning and the conditions when DNU flags can be triggered should be studied. For example, in UE-based mode, it is possible that the DNU may be provided implicitly to the UE by LMF by not providing any of the associated assistance data (e.g. TRP ID) that may contain error sources.  

Proposal 9: 
Support both Mode 1 (PL reporting) and Mode 2 (integrity flag reporting) reporting of integrity result for RAT-dependent positioning

Proposal 10: 
Study the use of do-not-use (DNU) flags for indicating the unavailability of any components of the network (e.g. TRPs, beams) for positioning and/or integrity

2.5 Integrity alerts
From the definition of positioning integrity [5], UE or LMF provides timely alerts to application/LCS client when the associated integrity requirements are not met. In other words, when an integrity related event (e.g. PL > AL) is detected, the UE can send the alert messages to the LMF, indicating potential failure condition for integrity. Such alerts can be beneficial and applicable for RAT dependent positioning, when detecting any error sources (e.g. NLOS, multipath, timing error) that may potentially impact the integrity result.  

Proposal 11: 
Support the UE transmitting integrity alerts to LMF when detecting integrity related events and error sources for RAT-dependent positioning
2.6 Recovery from failure events 

Another important aspect that can be considered for integrity in RAT-dependent positioning is the ability to recover to the expected positioning operation and integrity upon detecting potential failure events. This aspect is beneficial in safety related use cases (e.g. guided vehicles), where it is vital to ensure the accuracy of the determined positioning info is always within the tolerable level during operation. 

For enabling recovery from potential failure events (e.g. detection of error sources), a recovery time duration can be provided (e.g. in assistance info) to UE. When a failure event is detected at UE, a procedure to correct the positioning error within the recovery time duration, prior to sending any integrity alerts, should be triggered.  

In the case of integrity for UE-based mode, a mechanism to allow the UE to indicate to LMF the detection of the failure events/errors and request the use of a different positioning method or different assistance data parameters can be considered. 

Proposal 12: 
Study mechanisms for recovering from failure events detectable at UE for ensuring integrity
2.7 Compatibility between GNSS and RAT dependent integrity
For enabling the use of a compatible integrity framework, a mechanism for combining integrity results derived from RAT independent and RAT dependent positioning can be considered. For UE-based mode, the UE location info determined via RAT-independent positioning method (e.g. GNSS) can be used for cross-checking and improving the integrity performance achievable via a RAT-dependent positioning method. When the UE reports the location info and integrity results to the LMF (e.g. for MT-LR), identifiers/tags can be used to identify the different positioning methods applied for determining the positioning info.    

Proposal 13: 
Study how RAT independent and RAT dependent positioning methods can be made to be compatible with each other for improving integrity

Conclusion
In this contribution, the following conclusions were made:
Proposal 1: 
Capture in the TR, the mapping between the positioning methods and integrity mode (i.e. UE-based, LMF-based)
Proposal 2: 
Based on error sources, related to related to measurements and assistance data, identified in RAN1, study enhancements related to assistance data to support integrity determination
Proposal 3: 
For UE-based mode, the procedures specified in Rel-17 are used as baseline for integrity of RAT dependent positioning
Proposal 4: 
Support UE sending capability info to LMF on integrity for UE-based mode using LPP capability transfer procedure

Proposal 5: 
Study the contents of assistance data (e.g. error source info, correction info) that can be provided by LMF to UE for integrity of UE-based mode
Proposal 6: 
Support transferring integrity requirements (e.g. TIR) from LMF to UE in LPP provide assistance data message for supporting integrity for UE-based mode
Proposal 7: 
Support the UE sending integrity result (i.e. PL) to LMF using LPP location info transfer procedure for UE-based mode
Proposal 8: 
For DL-based positioning, whether and how to support integrity in LMF-based mode, and the corresponding details are to be considered during later stages of SI, if time permits
Proposal 9: 
Support both Mode 1 (PL reporting) and Mode 2 (integrity flag reporting) reporting of integrity result for RAT-dependent positioning

Proposal 10: 
Study the use of do-not-use (DNU) flags for indicating the unavailability of any components of the network (e.g. TRPs, beams) for positioning and/or integrity
Proposal 11: 
Support the UE transmitting integrity alerts to LMF when detecting integrity related events and error sources for RAT-dependent positioning
Proposal 12: 
 Study mechanisms for recovering from failure events detectable at UE for ensuring integrity
Proposal 13: 
Study how RAT independent and RAT dependent positioning methods can be made to be compatible with each other for improving integrity
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