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Introduction
According to the WID [1] of RAN #94, Rel-18 NR positioning will take RAT-dependent positioning integrity into account. And the study scope of integrity are given as follows. 

· Study solutions for Integrity for RAT dependent positioning techniques [RAN2, RAN1]:
· Identify the error sources, [RAN1, RAN2].
· Study methodologies, procedures, signalling, etc for determination of positioning integrity for both UE-based and UE-assisted positioning [RAN2]
· Focus on reuse of concepts and principles being developed for RAT-Independent GNSS positioning integrity, where possible.

In this contribution, we discuss the question of the methodologies and procedures of RAT-dependent positioning and express our opinions.
 RAT-dependent positioning integrity 
Methodologies of integrity
In Rel-17, RAN2 has discussed and developed the positioning integrity that allow UE to determine and report the integrity results of the calculated location for GNSS positioning methods. And in Rel-17, RAN2 has discussed the integrity concepts and positioning integrity methods. Positioning integrity is defined as a measure of the trust in the accuracy of the position-related data and the ability to provide associated alerts. Each time a location is provided, positioning integrity can be used to quantify the trust on the provided location. Therefore, positioning integrity is a method of bounding these errors and this can be done to a much higher confidence.
And in Rel-17 positioning integrity supports UE-based and UE-assisted integrity mode. For UE-based positioning, the UE determines and reports the integrity results of the calculated location based on the measurements of GNSS signals and the assistance data received from the network. In UE-assisted positioning, the UE performs measurements of the received GNSS signals and sends to LMF the measurement reports for calculating the UE location and integrity. 
Table 1: Summary of network-assisted (UE-Based) and UE-assisted (LMF-Based) positioning integrity mode considerations. 
	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.



For integrity result reporting, RAN2 has discussed reporting mode1 and reporting mode2. Finally, Rel-17 only supports reporting mode1 (PL reporting), and reporting mode2 can be revisited in future releases. The Table 1 is a summary of Rel-17 positioning integrity research for RAT-independent positioning methods, which can be used as a reference for RAT-dependent positioning integrity research. And as we all know, for RAT-dependent positioning and RAT-independent positioning, the positioning architecture and signalling procedure between LMF and UE are the same. Thus, for RAT-dependent integrity, the architecture and signalling procedure can reuse rel-17 integrity procedure. The details are as follows.
Integrity KPIs and Assistance Information
Rel-17 has agreed to adopt the Target Integrity Risk (TIR), Alert Limit (AL) and Time-to-Alert (TTA) as the Integrity KPIs for RAT-independent positioning methods. And the integrity is related to the confidence level of positioning measurements and the amount of errors from the actual position tolerated when determining the positioning information. Thus, regardless of the positioning methods, the definition of integrity KPIs are the same. And the specific KPIs for ensuring integrity should include at least AL, TIR, TTA.
Observation 1: The definition of integrity KPIs are the same regardless of the positioning methods.
And considering the signalling to deliver the KPIs and integrity results reporting, RAN2 agree that Rel-17 only supports mode1 reporting. And PL and TIR as integrity information result are reported to the LCS client. And for mode2, RAN2 dedicates mode2 can be revisited in future releases. But mode1 and mode2 can be useful in different scenarios. Mode1 can be useful when the LCS client does not want expose the integrity KPIs to LMF/UE. And for mode2, it can reduce the complexity for LCS client. And RAN2 has discussed many issues of reporting mode2, such as whether should include an indicator to tell the UE either reporting mode1 or reporting mode2? whether allows the UE to raise the flag indicating whether there is an integrity risk? And considering mode2 can be useful in simple APP implementation where the application requires only information on whether integrity performance is met with respect to the KPIs. Thus, in Rel-18, in order to support the positioning integrity in various scenarios, mode1 and mode2 integrity result reporting should be supported for RAT-dependent positioning.
Proposal 1: For RAT-dependent positioning, reporting mode1 and reporting mode2 of integrity results reporting modes should be supported.
For integrity architecture, Rel-17 agree that GNSS integrity is enabled by using existing NG-RAN positioning architecture. And the NG-RAN positioning architecture is defined in TS 38.305. this architecture supports A-GNSS, TBS, OTDOA, DL-TDoA, UL-AoA, Multi-RTT, etc positioning methods, regardless of RAT-dependent or RAT-independent positioning. Thus, we propose that
Proposal 2: RAT-dependent positioning integrity is enabled by using existing NG-RAN positioning architecture.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Considering the specific signalling procedure, the signaling of the RAT-dependent positioning integrity should reuse the signalling of the GNSS positioning method. Specifically, in Rel-17, RAN2 confirms that LPP messages RequestLocationInformation and ProvideLocationInformation are used to transfer integrity KPIs/results. RAN2 also confirms that LPP messages RequestAssistanceData and ProvideAssistanceData are used to transfer integrity assistance data for GNSS positioning at least for UE-based mode. 
Proposal 3: For RAT-dependent positioning integrity, LPP messages RequestLocationInformation and ProvideLocationInformation are reused to transfer integrity KPIs/results.
Proposal 4: For RAT-dependent positioning integrity, LPP messages RequestAssistanceData and ProvideAssistanceData are reused to transfer integrity assistance data.

Error sources analysis
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In R17 positioning SI phase, RAN2 #111e meeting has discussed RAT-dependent positioning methods. And RAN2 has reached the conclusion that the error source for RAT-dependent positioning could be studied under RAN1 [2]. And RAN2 has also considered the study of error sources under various aspects, including Angle-based measurement and timing-based measurement, unintentional causes and intentional causes, the errors affecting the measurement including: reference signals, network timing synchronization, propagation channel and location calculation.
Considering the RAT-dependent positioning integrity, the errors affecting the positioning estimate results usually from the network, propagation, measurement and UE itself. For different positioning methods, the error sources may be different. Take DL-TDOA as an example: 
· Assistance data (TRP coordinates, antenna height)
· TRP geometry (DOP)
· TRP timing synchronization
· UE clock drifting
· Propagation channel (pathloss, NLOS, multipath)
· Measurement quantization error (timing, angle, power)
But for Multi-RTT positioning, TRP timing synchronization error does not need to be considered. And for angle-based positioning methods, TRP timing synchronization and UE clock drifting may be not necessary to be considered. Thus, in order to exhaustively analyze all error sources for RAT-dependent positioning methods, we can analyze error sources for every positioning method. So we list the specific error sources for each positioning method in Table 2. 
Table 2: Summary of error sources for each positioning method
	
	DL-TDOA
	UL-TDOA
	Multi-RTT
	DL-AoD
	UL-AoA
	E-CID

	Assistance data (TRP coordinates, antenna height)  error
	√
	√
	√
	√
	√
	√

	TRP geometry (DOP) error
	√
	√
	√
	√
	√
	-

	TRP timing synchronization error
	√
	√
	-
	-
	-
	-

	TRP antenna calibration error
	-
	-
	√
	√
	√
	√

	UE clock drifting error
	√
	√
	√
	-
	-
	-

	Propagation channel (pathloss, NLOS, multipath) error
	√
	√
	√
	√
	√
	√

	Measurement quantization error (timing, angle, power) 
	√
	√
	√
	√
	
	√





Figure 1 Mapping of positioning techniques to reference signals and measurements
Analyzing error sources for per positioning method will not miss error sources. But, for some positioning methods, e.g. Multi-RTT, except UE /gNB Rx-Tx time difference, UL/DL RSRP may also need to be reported. So when we analyze multi-RTT error sources, should error sources affecting RSRP measurement be considered? And when to consider? So, for statistics and classification, we further divide the error sources into two parts that one part affects the measurement accuracy and another affects the estimation accuracy. And in order to identify the relationship between error sources, positioning methods and measurements, Figure 1 shows the mapping relation of existing positioning techniques and measurements. 
The further error sources classification for positioning measurements is shown in table 3. An underlined check mark indicates an error that affects measurement accuracy. And the check mark without an underscore indicates an error that affects the estimation accuracy. Take DL RSTD/UL RTOA as an example, the error sources that affect measurement accuracy include: TRP timing synchronization, UE clock drifting, Propagation channel (pathloss, NLOS, multipath), Measurement quantization error (timing, angle, power). And the error sources that affect estimation accuracy include: Assistance data (TRP coordinates, antenna height), TRP geometry (DOP). Thus, we propose that:
[bookmark: OLE_LINK73][bookmark: OLE_LINK74]Proposal 5: The error sources for RAT-dependent positioning can be divided into two parts to analysis that are affecting measurement accuracy errors and estimation accuracy errors.

Table 3: Summary of error sources for positioning measurements
	
	DL RSTD/UL RTOA
	DL RSRP/UL RSRP
	UE /gNB Rx-Tx time difference 
	AoA/ZoA

	Assistance data (TRP coordinates, antenna height)
	[bookmark: OLE_LINK9][bookmark: OLE_LINK10]√
	√
	√
	√

	TRP geometry (DOP)
	√
	√
	√
	√

	TRP timing synchronization
	√
	-
	-
	-

	TRP antenna calibration
	-
	√
	-
	√

	UE clock drifting
	√
	-
	√
	-

	Propagation channel (pathloss, NLOS, multipath)
	√
	√
	√
	√

	Measurement quantization error (timing, angle, power)
	√
	√
	√
	√



[bookmark: _Ref528871418]Conclusions
In this contribution, we discuss the positioning enhancements of Rel-18 positioning integrity techniques. And the proposals are given as follows:

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Observation 1: The integrity KPIs are the same regardless of the positioning methods.
Proposal 1: For RAT-dependent positioning, reporting mode1 and reporting mode2 of integrity results reporting modes should be supported.
Proposal 2: RAT-dependent positioning integrity is enabled by using existing NG-RAN positioning architecture.
Proposal 3: For RAT-dependent positioning integrity, LPP messages RequestLocationInformation and ProvideLocationInformation are reused to transfer integrity KPIs/results.
Proposal 4: For RAT-dependent positioning integrity, LPP messages RequestAssistanceData and ProvideAssistanceData are reused to transfer integrity assistance data.
Proposal 5: The error sources for RAT-dependent positioning can be divided into two parts to analysis that are affecting measurement accuracy errors and estimation accuracy errors.
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