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[bookmark: _Ref165266342]1. Introduction
[bookmark: _Hlk78878322]In the previous RAN2 meeting, the agreements relevant to GNSS positioning integrity were as follows.
[bookmark: _Hlk71270273]Agreement
1 [bookmark: _Hlk84925826]RAN2 agrees that the PL will be reported in the Integrity Results. It is FFS whether Mode 2 and the TIR, AL, TTA that were used in the integrity calculation will also be reported in the integrity results.
2 Agree that the UE feared events will be handled in the implementation for UE-based (network-assisted) methods of positioning integrity determination.
3 [bookmark: OLE_LINK3]RAN2 agrees that the LPP procedures can be used to transfer the KPIs and Integrity Results. For UE-assisted, the LCS procedures remain FFS in the case of MO-LR.
4 RAN2 confirms that LPP messages RequestLocationInformation and ProvideLocationInformation are used to transfer integrity KPIs/results, respectively, for GNSS positioning at least for UE-based mode.
5 RAN2 confirms that LPP messages RequestAssistanceData and ProvideAssistanceData are used to transfer integrity assistance data for GNSS positioning at least for UE-based mode.
6 [bookmark: _Hlk91690736]Pursue LMF-based integrity on a best-effort basis in Rel-17.
In this contribution, we would like to discuss some issues for GNSS positioning integrity,
· The content of integrity results;
· UE feared events for LMF-based integrity;
· Signalling and procedures for LMF-based integrity.
2. Discussion
[bookmark: _Hlk76572957][bookmark: _Hlk84925979]In the [Post114-e][601] email discussion[1], the reported integrity results were discussed. Firstly, we think the LCS client doesn’t need to know the achieved KPIs which are different from the requested KPIs and PL is only calculated according to the requested KPIs. Because the LCS client just cares whether its required KPIs is met or not. Secondly, the TIR, AL, TTA used in the integrity calculation may need to be reported when the LCS client provides several requested KPIs, but we think the LCS client doesn’t need to provide several requested KPIs because the most preferred KPIs are enough. So, we have the following proposal,
Proposal 1: No need to include the TIR, AL, TTA used in the integrity calculation in the integrity results.
UE feared events for LMF-based integrity were discussed in the previous meetings. According to TR38.857[2], UE feared events include GNSS receiver measurement error, hardware faults, and software faults. These three sources are UE-specific and different for different vendors, so it is difficult to define what are the specific hardware and software faults and GNSS receiver measurement errors. Then we have the following proposal,
Proposal 2: UE feared events are not considered to derive the LMF-based integrity.
In RAN2#116 meeting, we have agreed that LMF-based integrity is pursued on a best-effort basis in Rel-17. According to TR38.857[2], the specific signalling for MO-LR/MT-LR with LMF-based integrity is quoted as below,
[bookmark: _Hlk91751440]Table 1: Summary of UE-assisted (LMF-based) positioning integrity mode considerations
	[bookmark: _Hlk90453189][bookmark: _Hlk88818353]Positioning Integrity Mode
	Location service type
	Source of KPIs* 
	Source of Integrity results*
	 Positioning Integrity assistance information** 
	Specification impact 

	LMF-based: Positioning integrity result is derived by the LMF
	MO-LR
	From UE
	From LMF
	From GNSS corrections provider (external source) to LMF: 
- Feared events in the GNSS Assistance Data
- Feared events in transmitting the data to the UE
- GNSS feared events
From UE to LMF:
- UE feared events
- GNSS feared events
	Procedure to transfer Integrity assistance information and KPIs from UE to LMF
Procedure to transfer Integrity results from LMF to UE 


	
	MT-LR
	LMF implementation

	LMF internal implementation
	From GNSS corrections provider (external source) to LMF: 
- Feared events in the GNSS Assistance Data
- Feared events in transmitting the data to the UE
- GNSS feared events
From UE to LMF:
- UE feared events
- GNSS feared events
	Procedure to transfer Integrity assistance information from UE to LMF 




In the next section, the specific signalling and procedure for MO-LR/ MT-LR with LMF-based integrity are discussed.
Regarding the MO-LR with LMF-based integrity, the figure for the whole procedure can be as below,


Figure 1: The signalling procedure for MO-LR with LMF-based integrity
1. [bookmark: _Hlk91753946]Step 1: The UE sends a MO-LR location service request message to the AMF. The MO-LR location service request message carries the transfer location information LPP PDU indicating the integrity KPIs.
2. Step 2: The AMF invokes the Nlmf Determine Location Request service operation towards the LMFand includes the transfer location information LPP PDU received in step 1.
3. Step 3: The capability transfer procedure, the assistance data transfer procedure, and the location information transfer procedure are performed as the normal positioning procedure. Besides, LMF will request UE’s integrity capabilities via the RequestCapabilities message and UE will provide its integrity capabilities to LMF via the ProvideCapabilities message. LMF will request integrity assistance data(e.g., UE feared events and local environment feared events) from UE via the RequestLocationInformation message and UE will provide integrity assistance data to LMF via the ProvideLocationInformation message.
4. Step 4: If the LMF needs location related information for the UE from the NG-RAN, the LMF instigates one or more NRPPa procedures. Step 4 may also precede step 3 or occur in parallel with it.
5. Step 5: The LMF invokes the Nlmf Determine Location Response service operation towards the AMF which includes any location estimate obtained as a result of steps 3 and 4 and integrity results calculated by LMF.
6. Step 6:The AMF sends a MO-LR location service response message which carries the location estimate and integrity results received in step 5.
Regarding the MT-LR with LMF-based integrity, the figure for the whole procedure can be as below,


Figure 2: The signalling procedure for MT-LR with LMF-based integrity
1. [bookmark: OLE_LINK1]Step 1: The 5GC LCS Entities send an MT-LR location service request message to the AMF. The MT-LR location service request message carries the integrity KPIs.
2. Step 2: The AMF invokes the Nlmf Determine Location Request service operation towards the LMFand includes the integrity KPIs received in step 1.
3. Step 3: The capability transfer procedure, the assistance data transfer procedure, and the location information transfer procedure are performed as the normal positioning procedure. Besides, LMF will request UE’s integrity capabilities via the RequestCapabilities message and UE will provide its integrity capabilities to LMF via the ProvideCapabilities message. LMF will request integrity assistance data(e.g., UE feared events and local environment feared events) from UE via the RequestLocationInformation message and UE will provide integrity assistance data to LMF via the ProvideLocationInformation message.
4. Step 4: If the LMF needs location related information for the UE from the NG-RAN, the LMF instigates one or more NRPPa procedures. Step 4 may also precede step 3 or occur in parallel with it.
5. Step 5: The LMF invokes the Nlmf Determine Location Response service operation towards the AMF which includes any location estimate obtained as a result of steps 3 and 4 and integrity results calculated by LMF.
6. Step 6:The AMF sends an MT-LR location service response message which carries the location estimate and integrity results received in step 5.
[bookmark: _GoBack]Concerning the signalling for integrity KPIs, the LCS client in UE should indicate the integrity KPIs when sending the LCS MO-LR Request message. So after receiving the MO-LR Request message, LMF can know that the LCS client has the integrity requirement for the estimated positioning. Then LMF will decide the entity for calculating the integrity and positioning results based on the UE’s capabilities. Besides, according to TS38.305[3], the MO-LR location service request message may carry an LPP PDU to instigate one or more LPP procedures to transfer capabilities, request assistance data, and/or transfer location information. Considering that integrity KPIs aren’t the capability, ProvideLocationInformation LPP PDU contained by LCS MO-LR Request message can be enhanced to transfer integrity KPIs from UE to LMF. Therefore, we have the following proposal,
[bookmark: _Hlk91064481][bookmark: _Hlk91769009]Proposal 3: For MO-LR with LMF-based integrity, ProvideLocationInformation LPP PDU contained by LCS MO-LR Request message can be enhanced to transfer integrity KPIs from UE to LMF.
Regarding the signalling for integrity assistance information, LMF will request the integrity assistance information from UE in LMF-based integrity. UE can report the integrity assistance information for UE feared events and local environment feared events together with the positioning measurement to assist the real-time PL calculation. So, the current RequestLocationInformation and ProvideLocationInformation messages can be enhanced to request/transfer integrity assistance information between UE and LMF. We have the proposal below,
[bookmark: _Hlk91769159]Proposal 4: For MO-LR/MT-LR with LMF-based integrity, the RequestLocationInformation and ProvideLocationInformation messages can be enhanced to request/transfer integrity assistance information between UE and LMF.
Regarding the signalling for integrity results, after calculating the positioning and integrity results, LMF should transmit the results to the LCS client in UE. Then LCS client can decide whether or not to use the positioning result based on the integrity result. The current LCS MO-LR Response message can be enhanced to transfer integrity results together with the positioning result from LMF to UE. Hence, we have the following proposal,
[bookmark: _Hlk91771244]Proposal 5: For MO-LR with LMF-based integrity, the LCS MO-LR Response message can be enhanced to transfer integrity results from LMF to UE.
3. Conclusions
Based on the analysis given above, we have the following proposals:
Proposal 1: No need to include the TIR, AL, TTA used in the integrity calculation in the integrity results.
Proposal 2: UE feared events are not considered to derive the LMF-based integrity.
Proposal 3: For MO-LR with LMF-based integrity, ProvideLocationInformation LPP PDU contained by LCS MO-LR Request message can be enhanced to transfer KPIs from UE to LMF.
Proposal 4: For MO-LR/MT-LR with LMF-based integrity, the RequestLocationInformation and ProvideLocationInformation messages can be enhanced to request/transfer integrity assistance information between UE and LMF.
Proposal 5: For MO-LR with LMF-based integrity, the LCS MO-LR Response message can be enhanced to transfer integrity results from LMF to UE.
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