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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 Integrity in UE-based mode

In Rel-17 GNSS integrity, the LPP location info transfer procedure is used for requesting and providing the integrity results (e.g. PL) calculated by the UE to the LMF and the same can be applied for the UE-based mode RAT-dependent positioning..
Proposal 1: 
Support the UE sending integrity result (i.e. PL) to LMF using LPP location info transfer procedure for UE-based mode
2.2 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 the gNB 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. 
Proposal 2: 
For DL-based positioning, study whether and how to support integrity in LMF-based mode, and the corresponding details
For DL-based and UL-based positioning, processing power of the entity is a bottleneck for the support of LMF-based integrity. Therefore, we propose:

Proposal 3: 
The UE does not need to return additional information (other than currently specified) to the network. The additional information are statistical information (e.g., mean, standard deviation) related to timing/angle measurement errors for UE-assisted DL-based positioning methods
Proposal 4: 
The gNB can report statistical information of measurement error (RTOA measurement error, AoA) for UL-TDOA and UL-AoA, respectively
2.3 Integrity results reporting and DNU flags
In RAN2#119bis-e meeting, the following agreement was made for DNU flag;

Agreement:

Proposal 1-2. RAN2 study the usage of DNU flag for the RAT-dependent positioning integrity (assuming RAN1 agree to leave it to RAN2) and conclude on whether to indicate the DNU presence in the integrity principle equation.

In addition, the following agreement was made in RAN1#119bis-e.
	Agreement
· From RAN1 perspective, study of the application of DNU flag for determination of positioning integrity is within the scope of RAN2 discussion.


According to the agreements, RAN2 should study the benefits of DNU. Firstly, the benefist of DNU flag for RAT-depedent positioning are not clear. We can apply a simple solution such as not configuring parameters when network doesn’t expect UEs to take into account the configurations. If the network has problems with configurations, the network can simply not configure them to the UE instead of signalling DNU flag in it. Thus, we propose:

Proposal 5: 
Study further benefits of DNU for RAT dependent positioning
If RAN2 confirms the benefits of DNU, then we should study further.

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].

Proposal 6: 
Support both Mode 1 (PL reporting) and Mode 2 (integrity flag reporting) reporting of integrity result for RAT-dependent positioning

2.4 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 7: 
Support the UE transmitting integrity alerts to LMF when detecting integrity related events and error sources for RAT-dependent positioning
2.5 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 8: 
Study mechanisms for recovering from failure events detectable at UE for ensuring integrity
2.6 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 9: 
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: 
Support the UE sending integrity result (i.e. PL) to LMF using LPP location info transfer procedure for UE-based mode

Proposal 2: 
For DL-based positioning, study whether and how to support integrity in LMF-based mode, and the corresponding details
Proposal 3: 
The UE does not need to return additional information (other than currently specified) to the network. The additional information are statistical information (e.g., mean, standard deviation) related to timing/angle measurement errors for UE-assisted DL-based positioning methods
Proposal 4: 
The gNB can report statistical information of measurement error (RTOA measurement error, AoA) for UL-TDOA and UL-AoA, respectively
Proposal 5: 
Study further benefits of DNU for RAT dependent positioning
Proposal 6: 
Support both Mode 1 (PL reporting) and Mode 2 (integrity flag reporting) reporting of integrity 

Proposal 7: 
Support the UE transmitting integrity alerts to LMF when detecting integrity related events and error sources for RAT-dependent positioning

Proposal 8: 
Study mechanisms for recovering from failure events detectable at UE for ensuring integrity
Proposal 9: 
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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