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1. Introduction
In RANP#91-e, the WID on NR positioning enhancement has been approved [1].
· Specify the signalling, and procedures to support GNSS positioning integrity determination, including [RAN2, RAN3]:
· The assistance information that will be used to support integrity determination
· The information that will be used to provide the positioning integrity KPIs and integrity results
· Support of integrity for UE-based and UE-assisted A-GNSS positioning.
[bookmark: _Hlk67595233]Note: This objective is applicable to NR and E-UTRA.
In RAN2#112e, the support of positioning integrity was discussed, and there was no agreement achieved so far. In this paper, we will discuss the positioning integrity. 
2. Discussion
1.1. Integrity KPI
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]The integrity KPIs are studied during the SI and are defined in TR 38.857, which include: Target Integrity Risk (TIR), Alert Limit (AL), Time-to-Alert (TTA), Integrity Availability. The integrity KPIs define the LCS service requirements and thus should be included as the LCS QoS information in the UE location service request procedures. 
The LCS QoS is defined in SA and CT specs and thus a LS should be sent to SA2/CT4. In RAN2#103b, it was also discussed about the LS to CT1 and CT4. However, the LS was not agreed. It is proposed coordinate with RAN2 to inform them to send this LS and to inform RAN2 to send the LS to SA2 instead of CT1. 
Proposal 1: RAN3 to confirm that the positioning integrity KPIs (e.g. AL, TIR, TTA) should be included in the LCS QoS. Inform RAN2 to send an LS to SA2 and CT4.

1.2. General Procedure for Positioning Integrity
The procedure for support of positioning integrity includes the integrity KPI transfer, integrity assistance information transfer, and integrity results reporting. 

[bookmark: OLE_LINK27][bookmark: OLE_LINK28]1.2.1 Integrity assistance information delivery
The integrity assistance information delivered to LMF or UE can be used for the improvement of the positioning accuracy and also potentially assisting the calculation of the protection level (PL). According to the TS 38.857, the assistance information mainly includes the following:
· For UE-based positioning, the following integrity assistance information may be transferred from LMF to UE:
· Feared events in the GNSS Assistance Data, e.g. validity or quality flags for existing assistance information;
· Feared events during positioning data transmission, e.g. CRC, data authentication/signature;
· GNSS feared events, e.g. satellite health/quality flags, ionospheric indicator, tropospheric indicator, multipath, spoofing, interference.
· For LMF-based positioning, the following integrity assistance information may be transferred from UE to LMF: 
· UE feared events, e.g. GNSS receiver measurement error. For example, a refined measurement quality can be introduced for the carrier phase measurement, code-phase measurement, etc., which indicates the measurement quality with a higher percentile error bound or the long term error distribution.
Considering the assistance data in the PosSIB and the LPP messages are transparent to the RAN node, the assistance information delivery procedures would have limited impacts on RAN3 specs. 
Observation 1: The integrity assistance information is transferred between LMF and UE and the transfer of integrity assistance information has limited impacts on RAN3 specifications.

1.2.2 The reporting of integrity results
Two modes of integrity result reporting are defined in the TR 38.857: 
· Mode 1 of Integrity Result Reporting : PL Reporting
The integrity computing entity calculates the PL, based on the measurement, assistance information and TIR. Then, the calculated PL is directly reported to where the LCS client resides (Network or UE). Hence, the integrity computing entity does not judge whether the positioning system is still available, it simply provides whatever PL value it has obtained. It is left to the LCS client itself to determine if the positioning system is still available based on the reported PL.
· Mode 2 of Integrity Result Reporting : Integrity Event Flagging
The integrity computing entity calculates the PL, based on the measurement, assistance information and TIR. Then, the integrity computing entity further compares the calculated PL with the given AL to determine if the positioning system is still available to offer trustable position estimation. Thus, the integrity computing entity may only have to report a binary flag (0 and 1) to indicate whether the positioning system is available or not. Thus, in this case the LCS client can be directly informed about the system availability, without conducting further evaluation by itself.
The integrity computing entity normally resident in the LMF or UE (for UE based positioning). The LCS client and be an external client, which is accessed via GMLC, or the UE. It can be seen that the integrity result reporting procedure does not involve RAN and has no impacts on RAN3. 
Observation 2: The integrity result reporting procedure has no impacts on RAN3.

1.2.3 Signalling procedure of supporting positioning integrity
The signalling procedure of supporting positioning integrity for UE-assisted positioning can be summarized as the following:
[image: ]
[bookmark: _Ref51682786]Figure 1 UE-assisted LMF-based positioning procedure to support integrity

Figure 1 describes the signalling flow for DL UE-assisted LMF-based positioning procedure to support integrity. The whole procedures are addressed as follows.
1a/1b/1c.  The integrity KPIs are delivered or indicated from the positioning service client (e.g. LCS client, UE) to the AMF for positioning calculation and alert decision for integrity.
2.  The AMF transfers the location service request to the LMF.
3a/3b.	 The LMF instigates location procedures with the NG-RAN nodes/UE – e.g. to obtain/transfer assistance data for integrity measurement, request positioning capabilities, request positioning measurements.
4.  The UE performs the measurements that may be useful for PL calculation.
5.  The UE provides the measurements results for position calculation as well as PL calculation.
6.  The LMF performs the location calculation and PL calculation. Also, the derived PL is compared with AL (obtained in Step 2) for the alert decision.
7.  The LMF provides an integrity alert (if any) to the AMF and includes any needed information – e.g. the error sources, threat models, failure modes, etc.
8a/8c.  The AMF forwards the integrity alert (if any) to the LCS client/UE and includes any needed information.
9.  Based on the integrity evaluation, LMF can also perform reconfiguration of the system – e.g. switch to another positioning methods, etc.[Note1]
Note 1: Alternatively, when an alert is launched, the position system may just turn off or ignore the corresponding fault. When UE receives the alert, it just can’t have the position this time (take no action).

The signalling procedure of supporting positioning integrity for UE-based positioning can be summarized as the following:
[image: ]
[bookmark: _Ref51682824]Figure 2 UE-based positioning procedure to support integrity

Figure 2.5- 2 describes the signaling flow for UE-based positioning procedure to support integrity. The main procedures are addressed as follows.
1a/1b The integrity KPIs are delivered or indicated from the positioning service client to the AMF for positioning calculation and alert decision for integrity.
1c. For MO-LR service, the UE don’t need to transfer the integrity KPIs since the UE itself conducts the positioning calculation and makes the alert decision for integrity.
2.  The AMF transfers the location service request to the LMF.
3a/3b.	 The LMF instigates location procedures with the NG-RAN nodes/UE – e.g. to obtain/transfer assistance data for integrity measurement, request positioning capabilities, request positioning measurements. Especially, for NI-LR/MT-LR service, the LMF shall transfer the integrity KPIs to the UE.
4.  The UE performs the measurements that may be useful for PL calculation.
5.  The UE performs the location calculation and PL calculation. Also, the derived PL is compared with AL for the alert decision.
6c. For MO-LR service, the UE initiates the integrity alert (if any) locally.
6a. For NI-LR/MT-LR service, the UE provides an integrity alert (if any) to the AMF and includes any needed information – e.g. the error sources, threat models, failure modes, etc. The AMF forwards the integrity alert and related information (if any) to the LCS client.
7.  The UE may transfer the positioning results for integrity (e.g. whether PL exceeds AL or not) to LMF for further adjustment of positioning system.
8.  Based on the integrity evaluation, LMF can also perform reconfiguration of the system – e.g. switch to another positioning methods, etc.

It can be seen from both UE-assisted and UE-based positioning that, the support of positioning integrity for GNSS positioning does not involve the signalling enhancement related to the RAN node. Thus the support of positioning integrity do not need much discussion in RAN3 so far. It is proposed to let the RAN2 to discuss this topic first and RAN3 can discuss this topic when required by RAN2.
Proposal 2: RAN3 to wait for RAN2 agreements on the support of positioning integrity and re-start discussion when required by RAN2. 

3. Conclusion
Based on the discussion in this paper, we propose the following:
Proposal 1: RAN3 to confirm that the positioning integrity KPIs (e.g. AL, TIR, TTA) should be included in the LCS QoS. Inform RAN2 to send an LS to SA2 and CT4.
Observation 1: The integrity assistance information is transferred between LMF and UE and the transfer of integrity assistance information has limited impacts on RAN3 specifications.
Observation 2: The integrity result reporting procedure has no impacts on RAN3.
Proposal 2: RAN3 to wait for RAN2 agreements on the support of positioning integrity and re-start discussion when required by RAN2. 
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