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[bookmark: _Ref165266342]1.Introduction
[bookmark: _Hlk78878322]In the previous RAN2 meeting, the agreement relevant to GNSS positioning integrity was as follows.
[bookmark: _Hlk71270273]Agreement
1 [bookmark: _Hlk68081565]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 would like to discuss the signalling and procedures for GNSS positioning integrity.
2.Discussion
[bookmark: _Hlk76572957]In an integrity system, the integrity computing entity will compute the integrity results according to the KPIs and positioning integrity assistance information. In the positioning system, the position computing entity will compute the positioning results according to the measurement. In our understanding, there is no relationship between the integrity-related parameters and the position-related parameters, so the entity performing integrity derivation does not necessarily also need to compute the position. Hence, we have the following proposal,
Proposal 1: Positioning methods(i.e., LMF-based and UE-based positioning) are decoupled with integrity methods(i.e., LMF-based and UE-based integrity). 
[bookmark: _Hlk78958268][bookmark: _Hlk78958236][bookmark: _Hlk78958281][bookmark: _Hlk78959321][bookmark: _Hlk78960819]For UE-based integrity, assistance data should be transmitted from LMF to UE. For LMF-based integrity, assistance data should be transmitted from UE to LMF. Whether to choose UE-based or LMF-based integrity is based on UE and network capability and service requirements. Considering that LMF has both the capability of UE and network and has a connection interface with the 3rd part location server, therefore LMF can better decide the positioning integrity mode. However, for MO-LR with UE-based positioning integrity mode case, according to Table 9.4.1.1.1 of TR38.857[1], the source of KPI is UE internal implementation. In other words, for MO-LR, if UE has the capability of integrity calculation, UE can directly decide to use UE-based positioning integrity mode and LMF will not know the integrity need due to the lack of KPI. Therefore, we have the following proposal,
[bookmark: _Hlk78811447][bookmark: _Hlk78958980]Proposal 2: LMF decides whether to choose LMF-based or UE-based positioning integrity mode except for MO-LR with UE-based positioning integrity mode.
In Table 9.4.1.1.1 of TR38.857[1] as below, the specification impact for four cases(i.e., two different positioning integrity modes & two different location service types) has been fully discussed and the corresponding result is listed in the last column. In the next part, we will analyse the signalling and procedures for these four cases separately.
	Positioning Integrity Mode
	Location service type
	Source of KPIs* 
	Source of Integrity results*
	 Positioning Integrity assistance information** 
	Specification impact 

	Network assisted (UE-based): Positioning integrity result is derived by the UE

	MO-LR
	UE internal implementation
	UE internal implementation 
	From LMF to UE: 
- Feared events in the GNSS Assistance Data
- Feared events in transmitting the data to the UE
- GNSS feared events
	Procedure to transfer Integrity assistance information from LMF to UE


	
	MT-LR
	From LMF 

	From UE
	From LMF to UE: 
- Feared events in the GNSS Assistance Data
- Feared events in transmitting the data to the UE
- GNSS feared events
	Procedure to transfer Integrity assistance information and KPIs from LMF to UE
Procedure to transfer Integrity results from UE to LMF 


	
	
	
	
	
	

	UE assisted (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 


	NOTE:	The table provides a summary of considerations and the final details and specification impacts are FFS in the WI.
*NOTE:	Examples of KPIs are the TIR, AL, TTA. Examples of Integrity results are the PL and Integrity Availability.
**NOTE:	From LMF to UE does not mean the integrity assistance information is generated by the LMF.


Table 1: Summary of network-assisted (UE-Based) and UE-assisted (LMF-Based) positioning integrity mode considerations
[bookmark: _Hlk78961366][bookmark: _Hlk78961101][bookmark: _Hlk78962705][bookmark: _Hlk78963053]For MO-LR with UE-based positioning integrity mode, both the source of KPIs and integrity results are UE internal implementation. Only some Feared events(i.e., Feared events in the GNSS Assistance Data, Feared events in transmitting the data to the UE, and GNSS feared events if needed to be addressed for positioning integrity) are needed to be transferred from LMF to UE. Considering that LMF will not know the integrity need due to the lack of KPI in this case, LMF will not provide the Feared events to UE without UE’s request for Feared events. Besides, in our understanding, reusing the current LPP messages and procedures can save signalling consumption and decrease the standard effort. Therefore, based on the analysis above, referring to the current LPP messages and procedures, Assistance Data Transfer procedure can be enhanced to transfer positioning integrity assistance information(i.e, Feared events) from LMF to UE. Besides, UE will request LMF for Feared events by RequestAssistanceData message and LMF will provide Feared events to UE by ProvideAssistanceData message. So we have the proposal as below,
[bookmark: _Hlk78960334]Proposal 3: For MO-LR with UE-based positioning integrity mode, 
· [bookmark: _Hlk78961045][bookmark: _Hlk78961061][bookmark: _Hlk78987733][bookmark: _Hlk78958186]Assistance Data Transfer procedure (i.e., RequestAssistanceData and ProvideAssistanceData) can be enhanced to transfer positioning integrity assistance information(i.e, Feared events) from LMF to UE.
For MT-LR with LMF-based positioning integrity mode, both the source of KPIs and integrity results are LMF implementation. Only some Feared events are needed to be transferred from UE to LMF. In our understanding, reusing the current LPP messages and procedures can save signalling consumption and decrease the standard effort. Referring to the current LPP messages and procedures, Location Information Transfer procedure or Capability Transfer procedure can be enhanced to transfer positioning integrity assistance information(i.e, Feared events) from UE to LMF. Besides, in Location Information Transfer procedure, LMF will request UE for Feared events by RequestLocationInformation message and UE will provide Feared events to LMF by ProvideLocationInformation message. In Capability Transfer procedure, LMF will request UE for Feared events by RequestCapabilities message and UE will provide Feared events to LMF by ProvideCapabilities message. So we have the proposal as below,
[bookmark: _Hlk78961321]Proposal 4: For MT-LR with LMF-based positioning integrity mode,
· [bookmark: _Hlk78961560][bookmark: _Hlk78816542][bookmark: _Hlk78961856][bookmark: _Hlk78961887][bookmark: _Hlk78961578][bookmark: _Hlk78961970][bookmark: _Hlk78961598]Location Information Transfer procedure(i.e., RequestLocationInformation and ProvideLocationInformation) or Capability Transfer procedure(i.e., RequestCapabilities and ProvideCapabilities) can be enhanced to transfer positioning integrity assistance information(i.e, Feared events) from UE to LMF.
[bookmark: _Hlk78962756][bookmark: _Hlk78963012]For MT-LR with UE-based positioning integrity mode, integrity assistance information(i.e, Feared events) and KPIs need to be transferred from LMF to UE, and integrity results need to be transferred from UE to LMF. In our understanding, reusing the current LPP messages and procedures can save signalling consumption and decrease the standard effort. Referring to the current LPP messages and procedures, Assistance Data Transfer procedure(i.e., RequestAssistanceData and ProvideAssistanceData) can be enhanced to transfer positioning integrity assistance information(i.e, Feared events) from LMF to UE. Besides, UE will request LMF for Feared events by RequestAssistanceData message and LMF will provide Feared events to UE by ProvideAssistanceData message. LPP RequestLocationInformation message can be enhanced to transfer KPI from LMF to UE. LPP ProvideLocationInformation message can be enhanced to transfer integrity results from UE to LMF. Hence, we have the following proposal, 
[bookmark: _Hlk78814299]Proposal 5: For MT-LR with UE-based positioning integrity mode, 
· [bookmark: _Hlk78962355]Assistance Data Transfer procedure(i.e., RequestAssistanceData and ProvideAssistanceData) can be enhanced to transfer positioning integrity assistance information(i.e, Feared events) from LMF to UE.
· [bookmark: _Hlk78962395]LPP RequestLocationInformation can be enhanced to transfer KPI from LMF to UE.
· [bookmark: _Hlk78962408][bookmark: _Hlk78815270]LPP ProvideLocationInformation can be enhanced to transfer integrity results from UE to LMF.
For MO-LR with LMF-based positioning integrity mode, integrity assistance information (i.e, Feared events) and KPIs need to be transferred from UE to LMF, and integrity results need to be transferred from LMF to UE. In our understanding, reusing the current LPP/LCS messages and procedures can save signalling consumption and decrease the standard effort. Referring to the current LPP messages and procedures, Location Information Transfer procedure(i.e., RequestLocationInformation and ProvideLocationInformation) or Capability Transfer procedure(i.e., RequestCapabilities and ProvideCapabilities) can be enhanced to transfer positioning integrity assistance information(i.e, Feared events) from UE to LMF. Besides, in Location Information Transfer procedure, LMF will request UE for Feared events by RequestLocationInformation message and UE will provide Feared events to LMF by ProvideLocationInformation message. In Capability Transfer procedure, LMF will request UE for Feared events by RequestCapabilities message and UE will provide Feared events to LMF by ProvideCapabilities message. ProvideLocationInformation LPP PDU contained by LCS MO-LR Request can be enhanced to transfer KPI from UE to LMF. LCS MO-LR Response can be enhanced to transfer integrity results from LMF to UE. Hence, we have the following proposal,
Proposal 6: For MO-LR with LMF-based positioning integrity mode, 
· [bookmark: _Hlk78962589]Location Information Transfer procedure(i.e., RequestLocationInformation and ProvideLocationInformation) or Capability Transfer procedure(i.e., RequestCapabilities and ProvideCapabilities) can be enhanced to transfer positioning integrity assistance information(i.e, Feared events) from UE to LMF.
· ProvideLocationInformation LPP PDU contained by LCS MO-LR Request can be enhanced to transfer KPI from UE to LMF.
· [bookmark: _Hlk78962935]LCS MO-LR Response can be enhanced to transfer integrity results from LMF to UE.
[bookmark: _Hlk78987332] Based on the proposals above, the signalling and procedures for four cases are summarized in the table below.
	
	MO-LR&UE-based integrity
	MT-LR&LMF-based integrity
	MT-LR&UE-based integrity
	MO-LR&LMF-based integrity

	Assistance information
	Assistance Data Transfer procedure 
(RequestAssistanceData and ProvideAssistanceData)
	Location Information Transfer procedure
(RequestLocationInformation and ProvideLocationInformation), Capability Transfer procedure(RequestCapabilities and ProvideCapabilities)
	Assistance Data Transfer procedure
(RequestAssistanceData and ProvideAssistanceData)
	Location Information Transfer procedure
(RequestLocationInformation and ProvideLocationInformation),
Capability Transfer procedure

	KPI
	
N/A
	
N/A
	RequestLocationInformation
	ProvideLocationInformation contained by LCS MO-LR Request

	Integrity results
	N/A
	N/A
	ProvideLocationInformation
	LCS MO-LR Response


Table 2: The signalling and procedures for four cases
[bookmark: _Hlk78963681]Regarding the positioning integrity assistance information, besides the LPP messages proposed above, if the positioning integrity assistance information doesn’t include private information and is common for different UEs (e.g., GNSS feared event), it can be also sent by broadcast to all UEs to save the signalling consumption. So, we have the following proposal,
[bookmark: _GoBack]Proposal 7: The common integrity assistance data that doesn’t include private information can be transmitted by posSIB.
3.Conclusions
Based on the analysis given above, we have the following proposals:
Proposal 1: Positioning methods(i.e., LMF-based and UE-based positioning) are decoupled with integrity methods(i.e., LMF-based and UE-based integrity). 
Proposal 2: LMF decides whether to choose LMF-based or UE-based positioning integrity mode except for MO-LR with UE-based positioning integrity mode.
Proposal 3: For MO-LR with UE-based positioning integrity mode, 
· Assistance Data Transfer procedure (i.e., RequestAssistanceData and ProvideAssistanceData) can be enhanced to transfer positioning integrity assistance information(i.e, Feared events) from LMF to UE.
Proposal 4: For MT-LR with LMF-based positioning integrity mode,
· Location Information Transfer procedure(i.e., RequestLocationInformation and ProvideLocationInformation) or Capability Transfer procedure(i.e., RequestCapabilities and ProvideCapabilities) can be enhanced to transfer positioning integrity assistance information(i.e, Feared events) from UE to LMF.
Proposal 5: For MT-LR with UE-based positioning integrity mode, 
· Assistance Data Transfer procedure(i.e., RequestAssistanceData and ProvideAssistanceData) can be enhanced to transfer positioning integrity assistance information(i.e, Feared events) from LMF to UE.
· LPP RequestLocationInformation can be enhanced to transfer KPI from LMF to UE.
· LPP ProvideLocationInformation can be enhanced to transfer integrity results from UE to LMF.
Proposal 6: For MO-LR with LMF-based positioning integrity mode, 
· Location Information Transfer procedure(i.e., RequestLocationInformation and ProvideLocationInformation) or Capability Transfer procedure(i.e., RequestCapabilities and ProvideCapabilities) can be enhanced to transfer positioning integrity assistance information(i.e, Feared events) from UE to LMF.
Proposal 7: The common integrity assistance data that doesn’t include private information can be transmitted by posSIB.
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