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1 Introduction
In RAN2#114-e meeting, the following agreements were made:

	Agreement:
Proposal 1 (modified): RAN2 confirms that LPP messages RequestCapabilities and ProvideCapabilities are used to transfer capability information of GNSS positioning integrity support. FFS the contents of capability information for GNSS positioning integrity support.




In this contribution, we discuss the assistance information, integrity KPIs, integrity results, and procedures for supporting UE-based and UE-assisted positioning integrity for GNSS positioning. 
2 Discussion
2.1 Supporting GNSS Positioning Integrity
In Rel-17, GNSS based positioning methods are targeted to support positioning integrity for both UE-based and UE-assisted approaches. For UE-based positioning integrity, the UE calculates its own location and integrity based on the measurements of GNSS signals and the assistance data received from the network. In UE-assisted positioning integrity, UE makes measurements of the GNSS signals and sends to LMF the measurement reports, based on which the LMF determines UE location and calculates integrity. Within these methods, positioning integrity are to be supported for both MO-LR and MT-LR service types. 
Assistance Information on Feared Events
For supporting positioning integrity, the information on feared events should be delivered to either UE (for UE-based) or LMF (for UE-assisted) as assistance data. As identified during SI phase [2], for UE-based integrity  certain non-UE feared events (e.g. feared events in GNSS assistance data, feared events in transmission system, GNSS feared events) should be transferred from LMF to UE. In this case, the assistance data can include feared events in GNSS assistance data (e.g. flag) and GNSS feared events. Another feared event identified during SI is related to the data transmission system. Since the LPP protocol is E2E, it may be necessary to validate whether existing mechanisms providing security and integrity protection in the data transmission system are adequate to address any issues that can result in data faults.

The UE feared events, including information on GNSS receiver measurement errors can be transferred from UE to LMF to support UE-assisted positioning integrity (integrity result is calculated at LMF). Given the variability and implementation aspects related to GNSS receivers, whether and how the GNSS measurement errors can be transferred from UE to LMF should be discussed.  

In both UE-based and UE-assisted integrity, the information on feared events need to be transferred only in cases when the entity which computes integrity (UE or LMF) is not co-located with the sources of information on feared events. In these cases, the information on feared events can be delivered from the respective sources using the LPP Assistance Data transfer procedure and signalling. 
Proposal 1: 
For UE-based positioning integrity, the assistance data transferred from LMF to UE contains at least the following information: Feared events in the GNSS assistance data and GNSS feared events. FFS on feared events during positioning data transmission
Proposal 2: 
LPP assistance data transfer procedure and signalling, including LPP RequestAssistanceData and/or LPP ProvideAssistanceData messages, are used for transferring information on feared events for UE-based and UE-assisted positioning intergity
Integrity KPIs
During SI phase, the integrity KPIs that can be used for evaluating on whether integrity requirement is satisfied for different positioning methods were discussed. Based on the method for modelling positioning integrity captured in TR, the KPIs for ensuring integrity should include at least AL, TIR, TTA. For UE-based integrity the integrity KPIs can be transferred to UE from LMF (MT-LR) or higher layers (MO-LR). For UE-assisted integrity, the integrity KPIs can be transferred from UE (MO-LR) or higher layer functions (MT-LR). For UE-based (MT-LR) and UE-assisted (MO-LR) integrity, the integrity KPIs can be transferred using LPP Location information transfer procedure and signalling.  
Proposal 3:  
Integrity KPIs transferred to UE (for UE-based) or LMF (for UE-assisted) for positioning integrity includes at least AL, TIR, TTA
Proposal 4:  
LPP Location information transfer procedure and signalling, including the LPP RequestLocationInformation and/or LPP ProvideLocationInformation messages, are used for transferring the integrity KPIs for UE-based (MT-LR) and UE-assisted (MO-LR) positioning integrity

Integrity Results

For a positioning service requested by LCS client/application (MT-LR or MO-LR), the positioning error can be determined as R’ = |PAL – P|, where PAL is the positioning information tolerated by the application and is within the alert limit (AL) and P is the positioning information determined using a positioning method.
For further bounding the positioning error, the statistical upper bound of the UE position represented by the protection level (PL), can be included when determining the positioning error as R’’ = |PPL – P|. As discussed during SI phase, the integrity result, given by PL, can be calculated as a function of different errors or feared events.
The modes for reporting of the calculated integrity result discussed during SI and in email discussion [3] are as follows:

· 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/application. Both modes of reporting can also be applicable for UE-based and UE-assisted integrity. For example, Mode 1 can be used in scenarios where the application requires the calculated PL result based on monitoring of feared events and positioning information. Mode 2 can be useful in simpler applications where the integrity KPIs are provided to UE/LMF and the application requires only information on whether integrity is available and the integrity performance is met with respect to the KPIs. Additionally reporting in Mode 2 can also include the difference between the calculated integrity result and the KPIs, to indicate richer information to the application on the closeness of the achieved integrity with respect to the KPIs. 
Whether Mode 1 or Mode 2 are used when reporting the integrity result can be determined by LMF in conjunction with possible preference indication from the LCS client. In addition, the integrity result need to be transferred over the network only when the LCS client/application is not co-located with the entity which computes integrity such as in UE-based (MT-LR) and UE-assisted (MO-LR) cases. In these cases, the calculated integrity result (in Mode 1 or Mode 2) can be transferred using LPP Location information transfer procedure and signalling.  
Proposal 5: 
Support both Mode 1 (i.e. PL) and Mode 2 (i.e. integrity flag) for integrity result reporting for UE-based and UE-assisted positioning integrity 
Proposal 6: 
LPP Location Information transfer procedure and signalling, including LPP RequestAssistanceData and/or LPP ProvideAssistanceData messages, are used for transferring the integrity result for UE-based (MT-LR) and UE-assisted (MO-LR) positioning integrity 
2.2 Mechanism for recovering from potential integrity failure condition 

Another important aspect that can be considered for integrity is the ability to recover to the expected positioning operation and integrity upon detecting a potential failure conditions/feared 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 information is always within the tolerable level during operation. 
For enabling recovery from a failure conditions, a recovery time duration can be provided (e.g. in assistance information) to UE or LMF. The recovery time duration can be considered as requirement associated with integrity, which can be application dependent. For example, for automatic guided vehicles delivering assets in a factory, recovery time and associated actions (e.g., pause until accurate position is acquired) require a strict requirement for recover time. When a positioning error is detected at UE or LMF, a procedure to correct the positioning error within the recovery time duration should be triggered. 
In the case of UE-assisted positioning integrity, a recovery mechanism where the LMF can indicate to UE the detection of feared events and trigger the use of different correction information can be considered. Likewise, in the case of the UE-based positioning integrity, a mechanism to allow the UE to indicate to LMF the detection of the feared events and request the use of a different positioning method or a different assistance data parameters can be considered. 

Proposal 7: 
Support mechanisms for recovering from integrity failure conditions/feared events detectable at UE
Conclusion
The following conclusions were made in this contribution:
Proposal 1: 
For UE-based positioning integrity, the assistance data transferred from LMF to UE contains at least the following information: Feared events in the GNSS assistance data and GNSS feared events. FFS on feared events during positioning data transmission
Proposal 2: 
LPP assistance data transfer procedure and signalling, including LPP RequestAssistanceData and/or LPP ProvideAssistanceData messages, are used for transferring information on feared events for UE-based and UE-assisted positioning intergity
Proposal 3:  
Integrity KPIs transferred to UE (for UE-based) or LMF (for UE-assisted) for positioning integrity includes at least AL, TIR, TTA
Proposal 4:  
LPP Location information transfer procedure and signalling, including the LPP RequestLocationInformation and/or LPP ProvideLocationInformation messages, are used for transferring the integrity KPIs for UE-based (MT-LR) and UE-assisted (MO-LR) positioning integrity

Proposal 5: 
Support both Mode 1 (i.e. PL) and Mode 2 (i.e. integrity flag) for integrity result reporting for UE-based and UE-assisted positioning integrity 
Proposal 6: 
LPP Location Information transfer procedure and signalling, including LPP RequestAssistanceData and/or LPP ProvideAssistanceData messages, are used for transferring the integrity result for UE-based (MT-LR) and UE-assisted (MO-LR) positioning integrity 
Proposal 7: 
Support mechanisms for recovering from integrity failure conditions/feared events detectable at UE
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