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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: _Hlk115447094]In RAN2#120 meeting[1], the following agreements are made for the Study Item on R18 RAT-dependent positioning integrity.
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.
Proposal 4. RAN2 will study the both UE-based and LMF-based integrity for RAT-dependent cases.
Proposal 7 (modified). RAN2 agree that R17 UE-based integrity mode signaling can be used as baseline with the following aspects:
-	UE sends capability info to LMF on integrity for UE-based mode using LPP capability transfer procedure
-	LMF sends the assistance data for integrity calculation to UE for integrity of UE-based mode
-	LMF sends integrity requirement e.g., TIR to UE in LPP request location information message for integrity of UE-based mode
-	UE sends integrity result to LMF using LPP location information Transfer message
Proposal 8-1 (modified). LMF provides, in assistance data, the information of error sources (e.g., originated from RAN node) to UE for integrity in UE-based mode.
The contributions are made accordingly to discuss about the listed aspects:
· Relationship among error sources, positioning methods and integrity modes
· Coupling of integrity calculation and positioning calculation
· Usage of the DNU flag
· [bookmark: _Hlk117241985][bookmark: _Hlk117242001]Signaling procedure for UE-based integrity
· Signaling procedure for LMF-based integrity
2. Discussion
2.1	Relationship among error sources, positioning methods and integrity modes
RAN1 has come to the mapping relationship of error sources, positioning methods and integrity modes[3], which have been identified and confirmed so far. The proceeding discussion should be based on such contribution. If more error sources are recognized in future, they would be added to Figure 1.


[bookmark: _Ref118126571]Figure 1: Mapping relationship among error sources, positioning methods and integrity modes
[bookmark: _GoBack]Proposal 1:	RAN2 to follow the RAN1-agreed relationship among error sources, positioning methods and integrity modes as a baseline for the further study. 
According to Figure 1, we further adopt Table 1, which depicts the mapping between the NR error sources and integrity modes together with positioning methods and possible impacted specification, to be captured into Section 6.1.4 of TR 38.859.
Proposal 2:	Capture Table 1 on analysis of RAT-dependent error sources and impacted specifications in Section 6.1.4 of TR 38.859.
Table 1: Analysis of RAT-dependent error sources and impacted specifications
	mode
	method
	Error sources
	Category of error sources
	Spec Impact

	
	
	
	
	

	LMF-based
	DL-TDOA
	RSTD measurement
	Timing related measurement

	LPP

	
	
	inter-TRP synchronization (e.g., SFN initialization time)
	TRP-related information

	FFS:
NRPPa

	
	
	TRP location (e.g., Geographical Coordinates)
	TRP-related information

	FFS:
NRPPa

	
	UL-TDOA
	RTOA measurement
	Timing related measurement
	NRPPa

	
	
	inter-TRP synchronization (e.g., SFN initialization time)
	TRP-related information

	FFS:
NRPPa

	
	
	TRP location (e.g., Geographical Coordinates)
	TRP-related information

	FFS:
NRPPa

	
	Multi-RTT
	UE Rx-Tx time difference measurement
	Timing related measurement
	LPP

	
	
	gNB Rx-Tx time difference measurement
	Timing related measurement
	NRPPa

	
	
	TRP location (e.g., Geographical Coordinates)
	TRP-related information

	FFS:
NRPPa

	
	UL-AoA
	FFS:
Angle of arrival measurement (e.g., AoA/ZoA; or a function of AoA/ZoA)
	Angle related measurement
	NRPPa

	
	
	TRP location (e.g., Geographical Coordinates)
	TRP-related information

	FFS:
NRPPa

	
	DL-AoD
	FFS:
DL PRS RSRP/RSRPP measurement
	measurement
	LPP

	
	
	TRP location (e.g., Geographical Coordinates)
	TRP-related information
	FFS:
NRPPa

	UE-based
	DL-TDOA
	TRP location (e.g., NR-TRP-LocationInfo)
	Assistance data
	LPP

	
	
	Inter-TRP synchronization (e.g., NR-RTD-Info)
	Assistance data
	LPP

	
	DL-AoD
	TRP location (e.g., NR-TRP-LocationInfo)
	Assistance data
	LPP

	
	
	FFS: 
boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo) 
	Assistance data
	LPP

	
	
	FFS: 
beam information of DL-PRS (e.g., NR-TRP-BeamAntennaInfo)
	Assistance data
	LPP


2.2	Coupling of integrity calculation and positioning calculation
There has been a long history about the coupling issue on the position calculation and the integrity monitoring. In RAN2#119e-meeting, one raises an idea that the integrity operation can be initialized by the network independent of the positioning procedure launched by the service layer. Though the possible value of such use case, the integrity monitoring is entirely relied on the location estimation procedure. To be specific, all the integrity error sources come from the positioning steps and the involved entities. In this mean, an integrity result of the positioning system is assessed on the basis of a positioning procedure.
In addition, from the agreement of RAN1#109e- and 110-meeting, UE measurement error is handled by UE implementation for UE-based integrity, suggesting a natural bond between the entity to compute the location and the positioning integrity. Figure 1 also implies this kind of relationship.
In our understanding, integrity result is of dependency to the positioning methods and assessment entity. The decoupling may introduce unnecessary signaling costs with little reward. Therefore, the entity that undertakes the responsibility of position calculation is obliged to determine the integrity results. That is, UE-based integrity is applied to UE-based positioning methods and LMF-based integrity is applied to UE-assisted and gNB-assisted positioning methods.
Observation 1:	Integrity result is related to the positioning methods and assessment entity.
[bookmark: _Hlk114847848]Proposal 3:	The position calculation and integrity calculation shall be performed at the same entity.
In a positioning system, LMF plays a role as the location server, which has the knowledge of each entity’s capabilities. In this context, LMF is able to synthesize the capabilities of calculation in location and integrity, and other factors (i.e. positioning QoS, integrity KPIs) in order to comprehensively determine whether LMF or UE does the computation.
Proposal 4:	The LMF shall make the decision on which node, LMF or UE, to calculate the integrity result.
[bookmark: _Hlk115447152]2.3	Usage of the DNU flag
A heated discussion has been made in RAN2#119bis-e meeting on whether DNU flag is in need for RAT-dependent integrity. According to TS 38.305[2], DNU is designed to ensure that, for the current epoch, the network should provide the usability of the related GNSS signal (i.e. GNSS-RealTimeIntegrity, to provide a bad GNSS signal list) and integrity service alerts in terms of ionosphere or troposphere related information (i.e. ionosphereDoNotUse, TroposphereDoNotUse). In this architecture, the network could evaluate the quality of GNSS information and hence inform UE, but it is the GNSS service provider that indeed interacts with UE on the GNSS positioning data. The network has no control over the final information passed to UE.
In our understanding, the usage of DNU can be resolved and implied by the exact measurement elements or assistance data information elements, when it comes to RAT-dependent integrity.
First and foremost, the range of application of legacy DNU flag is within the integrity operation, which is an attached scheme to positioning. Clearly speaking, only if the LCS client has the integrity requirements and provides them to the location server, integrity mechanism, say, issue of DNU, would be triggered dependent on the whole location service procedure. And the parameters labelled “DNU” cannot be used for positioning calculation either. 
Observation 2:	The legacy DNU is used by network to take control over the exact GNSS information that UE may exploit for both integrity and positioning calculation.
For existing RAT-dependent positioning methods, the information is selected by the entity who provides it based on the implementation with some parameters possibly in suggestion of the quality. In other word, network and the measuring entity have the ability to control what kind of information (for example, the information of which TRPs) could be exposed to the calculation entity. If it views the source of information untrustworthy, the scheme of “DNU” is achieved by not providing it in assistance data list or measurement list. 
Regard that LMF-based integrity mode is also within the study scope, measurement error sources from UE or RAN-nodes should be considered. Some companies argue that it is not clear whether such entities are able to directly decide if the measurements could be used for integrity. We tend to modify the measurement report with no DNU flag but other integrity parameters per error source to provide along. From the measuring entity’s side, it would provide all credible measurement based on its evaluation as the legacy scheme. From LMF’s side, it owns the initiative to decide which measurements and integrity information to employ among all the provided ones as well.
Observation 3:	The current scheme of RAT-dependent positioning achieves the usage of “DNU” inherently by simply not providing the corresponding TRP’s information no matter from the network side or the UE side.
In conclusion, error sources in RAT-dependent integrity are on the granularity of TRP, the information of which is not always provided once it is considered to be not available or credible. In such way, all the entities within the positioning system take control of the TRP-related measurement or assistance data finally exposed to the positioning calculated entity, which is supposed to be the one computes the integrity result. We therefore propose,
Proposal 5:	No need to introduce the DNU flag for RAT-dependent integrity.
[bookmark: _Hlk118404125]2.4	Signaling procedure for UE-based integrity
To start with the discussion on the UE-based integrity mode, a common sense to bear in mind is that GNSS positioning integrity should be reused as much as possible. As a feature of RAT-dependent positioning, UE-based integrity mode is only and inherently applied to the DL positioning methods. Besides, since UE could handle the error sources in DL-PRS measurement itself based on implementation, the only source of error comes from the network’s assistance data. RAN1 has made a conclusion[3] that at least inter-TRP synchronization error and TRP location error can be transferred from the LMF to the UE as enhancements in assistance data. It has been confirmed inter-TRP synchronization error to be the error source of UE-based DL-TDOA, and TRP location error to be the error source of UE-based DL-TDOA and DL-AOD. The exact distributions are waiting for further evaluation. Whether the boresight direction of and/or beam information of DL-PRS can be identified as error sources are also waiting for study as well.
In combination with RAN2’s agreement on the baseline of UE-based integrity signaling aspects, we dig into the signaling procedure of UE-based DL positioning in Figure 2.


Figure 2: overall signaling procedure of the UE-based DL positioning
0. The integrity KPIs are delivered and finally arrived at the LMF via location service request from the LCS client.
1. The LMF obtains DL PRS configuration information from related TRPs. The TRP-related information error sources can be transmitted meanwhile if requested.
2. The integrity capabilities are requested by the LMF and provided by the UE, together with normal positioning capabilities.
3. The UE determines that certain positioning assistance data are desired and sends an LPP Request Assistance Data message to the LMF.
4. The LMF provides the requested assistance data in an LPP Provide Assistance Data message, associated with the requested error sources, e.g., TRP-related information error sources.
5. The LMF sends an LPP Request Location Information message to the UE for invocation of DL positioning. including any needed measurement configuration information, required response time and integrity requirements.
6. The UE performs the requested DL-PRS measurements from all gNBs provided in the assistance data in step 4 to obtain the location estimate.
7. The UE calculates its own location. The UE also determine the integrity results of the calculated location.
8. The UE then sends an LPP Provide Location Information message to the LMF, which includes the obtained location estimate and integrity results.
9. The LMF provides the location estimate and integrity results to the LCS client via location service response.
Proposal 6:	Capture the overall signaling procedure of UE-based integrity in Section 6.1.2 of TR 38.859.
2.5	Signaling procedure for LMF-based integrity
[bookmark: _Hlk118219844]As for the LMF-based integrity mode, it could be applied to UL, DL and UL&DL positioning methods. It is testified that measurement could induce errors in such an integrity mode. TRP location is also identified as an error source by RAN1, while the specification impact is still FFS. Whether other measurements and RAN-node related information can be further viewed as error source is waiting for RAN1’s conclusion. Seeing from the current achievement, the primary work is to study the measurement error source transfer and not to preclude the signalling to carry other types of error source.
2.5.1	integrity capability transfer
To arrange a reasonable positioning procedure, LMF requests for UE’s capability. In terms of the integrity, UE is expected to provide its supported capability on the provision of measurement error sources. Such kind of abilities is foreseen in terms of LMF-based positioning integrity, which could be left to cope with in the WI stage.
Proposal 7:	The UE sends capability info to LMF on LMF-based integrity using LPP capability transfer procedure, e.g., the capability on the provision of measurement error sources.
[bookmark: _Hlk118405432]2.5.2	error source transfer
RAN1 has achieved the following agreements on the error sources for LMF-based positioning integrity mode.
	Agreement
· For LMF-based positioning integrity mode, TRP location (e.g., Geographical Coordinates in TS 38.455) is an error source for DL-TDOA, DL-AoD, UL-TDOA, UL-AoA and multi-RTT.
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
· FFS : Specification impact of TRP location as an error source for LMF-based positioning integrity mode
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity)
Agreement
· Study to determine whether SFN initialization time is an independent error source for the following positioning methods and integrity mode 
· UL-TDOA with LMF-based positioning integrity mode 
· UE-assisted DL-TDOA with LMF-based positioning integrity mode
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857

Agreement
· Timing measurement error can be modeled as Normal distribution.
· Note : The timing measurement is applicable to RSTD, RTOA and UE/gNB Rx-Tx time difference measurement
· Note: it is assumed that the timing measurement error is associated with the first path
· Note: it is up to RAN2 how to use the identified distribution
Agreement
· In the agreement on the distribution of the timing measurement error, it is assumed that the timing measurement error contains TEG related TX/RX timing error if the TEG related information is provided.
· Note: The timing measurement is applicable to RSTD, RTOA and UE/gNB Rx-Tx time difference measurement
· Note: it is assumed that the timing measurement error is associated with the first path
· Note: no more discussion on TEG related TX/RX timing error as an independent error source from timing measurement error
Agreement
· Study the following alternatives for expression of angle of arrival measurement error for determination of positioning integrity for UL-AoA, and down select between Alt 1 and Alt 2:
· Alt. 1 : No conversion (e.g., the measurement error is expressed as error in AoA or ZoA in LCS/GCS)
· Alt. 2 : conversion function ( defined function of AoA/ZoA in LCS)
· FFS : Distribution of AoA measurement error for an NLOS/LOS link
· FFS : Other Details (e.g., mean, standard deviation)
Agreement
· Study to determine whether DL PRS RSRP/RSRPP measurement is an error source for DL-AoD, focusing at least on the following aspect
· Impact of RSRP/RSRPP measurement on positioning accuracy
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)



In terms of measurement, the recognized error sources are originated from RSTD, RTOA and UE/gNB Rx-Tx time difference measurement. Error distributions of them are modelled as the Normal distribution. As for the angle measurement, RAN1 has not come to a conclusion yet. In terms of RAN-node related information, it is confirmed that TRP location (e.g., Geographical Coordinates in TS 38.455[5]) is an error source for DL-TDOA, DL-AoD, UL-TDOA, UL-AoA and multi-RTT. The specification impact has not been determined either.
From RAN2’s perspective, the exact signaling and the signaling structure are to be mainly studied. Taking LMF-based DL-TDOA for instance, in order to get the target device’s measurement information, LMF sends Request Location Information, which possibly also carries the request for integrity information regarding the measurement error source. UE succeedingly performs the corresponding RSTD measurement, and provides report in Provide Location Information, which seems to be an appropriate signaling to carry integrity parameters and integrity bounds. 
Proposal 8:	LMF sends request for integrity information together with measurement using LPP Request location information. UE sends measurement together with information for integrity calculation for LMF-based mode using LPP Provide location information.
Similarly, in UL positioning, gNB should provide integrity information about RTOA measurement and Rx-Tx time difference measurement in response to LMF’s request. We therefore propose:
Proposal 9:	LMF sends request for integrity information together with measurement using NRPPa MEASUREMENT REQUEST. gNB sends measurement together with information for integrity calculation for LMF-based mode using NRPPa MEASUREMENT RESPONSE.
2.5.3	overall signaling procedure
On the basis of the above study, Figure 3 is adopted as an illustration about the signaling procedure of UL&DL positioning for LMF-based integrity mode.


Figure 3: overall signaling procedure of the LMF-based DL&UL positioning
0. The integrity requirements are delivered and finally arrived at the LMF via location service request from the LCS client.
1. The LMF obtains DL PRS configuration information from related TRPs. The error sources in assistance data may possibly be transmitted from the serving gNB to the LMF meanwhile if requested.
2. The integrity capabilities are requested by the LMF and provided by the UE, together with normal positioning capabilities.
3. The LMF sends an NRPPa POSITIONING INFORMATION REQUEST message to the serving gNB to request SRS configuration for the target UE.
4. The serving gNB decides the resource for SRS and further configures the target UE with the SRS configuration.
5. The serving gNB provides the SRS configuration information to the LMF in an NRPPa POSITIONING INFORMATION RESPONSE message.
6. In the case of semi-persistent or aperiodic SRS, the LMF may request activation of UE SRS transmission.
7. The LMF provides the SRS configuration to the selected TRPs in a NRPPa MEASUREMENT REQUEST message. The message may include the request for gNB measurement error sources.
8. The LMF sends an LPP Provide Assistance Data message to the target UE, which includes any required assistance data to perform the necessary DL-PRS measurements.
9. The LMF sends an LPP Request Location Information message to the UE for invocation of DL positioning. This message may include the request for UE measurement error source.
10. The UE performs the DL-PRS measurements and each TRP measures the SRS.
11. The UE reports the DL-PRS measurements to the LMF in an LPP Provide Location Information message, which may include the requested UE measurement error source.
12. Each TRP reports the UE SRS measurements to the LMF in an NRPPa MEASUREMENT RESPONSE message, which may include the requested gNB measurement error source.
13. In the case of semi-persistent or aperiodic SRS, the LMF sends a NRPPa POSITIONING DEACTIVATION message to the serving gNB.
14. The LMF calculates the location of the target UE and determines the integrity results of the calculated location.
15. The LMF provides the location estimate and integrity results to the LCS client via location service response.

Proposal 10:	Capture the overall signaling procedure of LMF-based integrity in Section 6.1.2 of TR 38.859.
3. Conclusion
Overall, the following observations come up during the discussion.
Observation 1:	Integrity result is related to the positioning methods and assessment entity.
Observation 2:	The legacy DNU is used by network to take control over the exact GNSS information that UE may exploit for both integrity and positioning calculation.
Observation 3:	The current scheme of RAT-dependent positioning achieves the usage of “DNU” inherently by simply not providing the corresponding TRP’s information no matter from the network side or the UE side.
We therefore make the proposals about the RAT-dependent positioning integrity as follow.
Proposal 1:	RAN2 to follow the RAN1-agreed relationship among error sources, positioning methods and integrity modes as a baseline for the further study. 
Proposal 2:	Capture Table 1 on analysis of RAT-dependent error sources and impacted specifications in Section 6.1.4 of TR 38.859.
Proposal 3:	The position calculation and integrity calculation shall be performed at the same entity.
Proposal 4:	The LMF shall make the decision on which node, LMF or UE, to calculate the integrity result.
Proposal 5:	No need to introduce the DNU flag for RAT-dependent integrity.
Proposal 6:	Capture the overall signaling procedure of UE-based integrity in Section 6.1.2 of TR 38.859.
Proposal 7:	The UE sends capability info to LMF on LMF-based integrity using LPP capability transfer procedure, e.g., the capability on the provision of measurement error sources.
Proposal 8:	LMF sends request for integrity information together with measurement using LPP Request location information. UE sends measurement together with information for integrity calculation for LMF-based mode using LPP Provide location information.
Proposal 9:	LMF sends request for integrity information together with measurement using NRPPa MEASUREMENT REQUEST. gNB sends measurement together with information for integrity calculation for LMF-based mode using NRPPa MEASUREMENT RESPONSE.
Proposal 10:	Capture the overall signaling procedure of LMF-based integrity in Section 6.1.2 of TR 38.859.
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