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Introduction

This contribution intends to discuss remaining issues on NW verified UE location considering RAN1’s progress last meeting.
Discussion
Support of moving cell
RAN2 has discussed whether to support moving cell and has not reached an conclusions. It has been proposed to adopt failure procedure as defined in LPP specs to handle the case when RTT measurement fails due to change of cell, which could be a good solution considering there is only limited time left in R19 to finish this function. According to current LPP and NRPPa specs, different failure indication for failure of multi-RTT measurements have been defined for NW and UE respectively. 

For RTT measurements performed by NW, NW can indicate to LMF the failure of Multi-RTT measurements by measurement failure indication procedure, with possible failure cause relevant to radio network layer cause:

	Radio Network Layer cause
	Meaning

	Unspecified
	Sent when none of the above cause values applies but still the cause is Radio Network Layer related

	Requested Item not Supported
	The NG-RAN node does not support the requested measurement object, or cannot provide the requested information item.

	Requested Item Temporarily not Available
	The NG-RAN node can temporarily not provide the requested measurement object or information item.

	Serving NG-RAN node changed
	The UE has moved to another serving NG-RAN node.

	Requested Item not Supported on Time
	The NG-RAN node is unable to provide the measurement results on time.


For RTT measurement performed by UE, UE can indicate the LMF the failure of Multi-RTT measurements by including LocationError and NR-Multi-RTT-TargetDeviceErrorCauses in ProvideLocationInformation procedure, where below table of failure cause can be considered:

–
NR-Multi-RTT-TargetDeviceErrorCauses
The IE NR-Multi-RTT-TargetDeviceErrorCauses is used by the target device to provide NR Multi-RTT error reasons to the location server.

LocationFailureCause ::= ENUMERATED {


undefined,


requestedMethodNotSupported,


positionMethodFailure,


periodicLocationMeasurementsNotAvailable,


...

}

-- ASN1START

NR-Multi-RTT-TargetDeviceErrorCauses-r16 ::= SEQUENCE {


cause-r16

ENUMERATED {
undefined,










dl-assistance-data-missing,










unableToMeasureAnyTRP,










attemptedButUnableToMeasureSomeNeighbourTRPs,










ul-srs-configuration-missing,










unableToTransmit-ul-srs,










...









},


...

}
-- ASN1STOP

In our understanding, all possible failure cases for multi-RTT measurements failure due to change of cell in NTN can be covered by existing failure cause For example, during change of NTN cell, it is possible that only satellites is changed while UE is still served by the same gNB, in this case NW can still perform the measurements as long as  configuration of TRS/SRS is still valid but the failure could happen due to measurements cannot provided on time. And in another case for change of NTN cell, it is possible both satellite and gNB are changed, and the failure of multi-RTT measurements may due to change of NG-RAN. 
Based on above observations, we believe that current failure indication can provide more information compared to a simple failure indication indicating change of cell, and is more appropriate to handle different failure happens during multi-RTT measurements in NTN. 

Observation 1: There are could be different failure causes leading to multi-RTT measurements failure during change of NTN cell, which can be well addressed by legacy failure procedure defined in LPP and NRPPa specs, while a simple indication to indicate failure due to change of NTN cell maybe too ambiguous.

Therefore, it is preferred to rely on existing failure procedure to handle failure due to change of cell, there is no additional specs work is needed to address this case.

Proposal 1: Current failure procedure defined in LPP and NRPPa protocol can be reused to handle NW verified UE location failure occurred during change of cell, no additional specs work is needed.
Signalling structure
	RAN1#114 meeting Agreement
The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on the following: 
UE reports the actual index difference between subframe j and subframe i 

The uplink subframe j is closest in time to the DL subframe #i received from the TP 

The DL timing drift due to Doppler over the service link associated with the UE RX-TX time difference measurement period is reported

Agreement
Confirm the working assumption with the additional note below:

Working assumption
In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.

Note: This does not imply that the actual gNB receive-transmit time difference measurement is necessarily made at the uplink time synchronization reference point.
Conclusion

No need to support common TA information report from UE to LMF with consideration that common TA information report from gNB has been agreed supported.


It has been agreed by R1 that legacy UE Rx-Tx time difference definition will be adopted with an offset determined based on UE reported the actual index difference between subframe j and subframe i and the DL timing drift due to Doppler over the service link associated with the UE RX-TX time difference measurement period is reported. It is observed that the offset is used to calibrate the timing drift due to precompensation, and will be captured in R1 specification, there is no need for R2 to discuss the detailed definition. 

Observation 2: UE Rx-Tx time difference measurement with offset to calibrate the timing drift due to precompensation will be captured in RAN1 specs with no RAN2 impacts.
Since it has been agreed that legacy LMF signalling is considered for NW verified UE location, then based on above RAN1 agreements, the newly agreed offset shall be included as part of the UE Rx-Tx time difference measurements in NR-Multi-RTT-SignalMeasurementInformation. Furthermore, in order to allow UE to be aware it needs to add the offset as part of UE Rx-Tx time difference measurements, indication from NW is needed. Since this is a requirement only for NW verified UE location, it is suggested to add one indication in the LPP configuration from LMF to UE (e.g., in ProvideLocationInformation ) to indicate that the multi-RTT measurement task is for NW verified UE location, based on which UE is informed that it needs to provide additional measurement components (e.g., actual index difference between subframe j and subframe i) to LMF together with the UE Rx-Tx measurements.

Observation 3: Newly agreed offset as defined by RAN1 shall be included as part of the UE Rx-Tx time difference measurements in NR-Multi-RTT-SignalMeasurementInformation, also indication from NW is needed to inform UE it is a task for NW verified UE location so that UE can take necessary adaptions.

Based on above analysis, below proposals are made for further discussion:

Proposal 2: Add in NR-Multi-RTT-SignalMeasurementInformation the measurements relevant to RAN1 agreed offset (e.g., the actual index difference between subframe j and subframe i and the DL timing drift due to Doppler over the service link associated with the UE RX-TX time difference measurement period) with detailed definition referred to RAN1 agreements.
Proposal 3: Add indication indicating the requested positioning measurements (e.g.,multi-RTT measurement) is for NW verified UE location in the LPP configuration (e.g, RequestLocationInformation) from location server to UE.

	RAN1#113 Agreements
For network verified UE location in NTN, satellite ephemeris information should be available at the LMF.

For network verified UE location in NTN common TA information should be reported at least from gNB to LMF. 


Furthermore it has been agreed in RAN1#113 that satellite ephemeris information and common TA information shall be made available at LMF’ side when provided. For common TA information, RAN1 has confirmed that only gNB to provide such information is sufficient which will be addressed by RAN3. The remaining issues is on who and how to provide the satellite ephemeris information to LMF.
In our understanding the satellite ephemeris information is to allow LMF to derive the satellite’s position when the multi-RTT measurements are taken, which is derivable based on ephemeris and corresponding time information(e.g., epochTime) . Therefore, it is sufficient to rely on NW to provide the satellite ephemeris together with the time information based on LMF request, there is no need to ask UE to provide the same information. 

Observation 4: It is sufficient for NW to provide the satellite ephemeris together with the time information to LMF to derive position of satellite, no need for UE to provide duplicated information to LMF.
Based on different NTN NW implementation, the satellite ephemeris maybe available in OAM or gNB, which can left to RAN3 to decide how the NW provide such information available at LMF.

Observation 5: The satellite ephemeris information maybe available in OAM or gNB in different NTH deployment, it is up to RAN3 to discuss the details on how NW provide such information to LMF.
Proposal 4: ephemeris and corresponding time information (e.g., epochTime) is provided to LMF only by gNB, with details up to RAN3 (e.g., on whether OAM or gNB to provide such information).  
UE Capability
	RAN1#114 Agreement

A Rel-18 UE capability is needed for indicating whether UE supports the feature of network verified UE location in NR NTN network (FFS whether this is an additional capability on top of FG 44-3)


UE capability in FG 44-3 is RAN1agreed UE capability for UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN, and it covers both (UE Rx-Tx Measurement and Report for Multi-RTT positioning) and assisting information report for this purpose. Based on above analysis, there are no additional UE requirement identified in R2 for this purpose, it is suggested to confirm that this is the same capability as FG 44-3. 

Proposal 5: Only one capability (i.e., FG 44-3) is defined for UE’s capability to support the feature of network verified UE location in NR NTN.
Conclusion and proposals

Based on above analysis, we have the following observations and proposals: 

Observation 1: There are could be different failure causes leading to multi-RTT measurements failure during change of NTN cell, which can be well addressed by legacy failure procedure defined in LPP and NRPPa specs, while a simple indication to indicate failure due to change of NTN cell maybe too ambiguous.

Observation 2: UE Rx-Tx time difference measurement with offset to calibrate the timing drift due to precompensation will be captured in RAN1 specs with no RAN2 impacts.
Observation 3: Newly agreed offset as defined by RAN1 shall be included as part of the UE Rx-Tx time difference measurements in NR-Multi-RTT-SignalMeasurementInformation, also indication from NW is needed to inform UE it is a task for NW verified UE location so that UE can take necessary adaptions.

Observation 4: It is sufficient for NW to provide the satellite ephemeris together with the time information to LMF to derive position of satellite, no need for UE to provide duplicated information to LMF.
Observation 5: The satellite ephemeris information maybe available in OAM or gNB in different NTH deployment, it is up to RAN3 to discuss the details on how NW provide such information to LMF.
Proposal 1: Current failure procedure defined in LPP and NRPPa protocol can be reused to handle NW verified UE location failure occurred during change of cell, no additional specs work is needed.
Proposal 2: Add in NR-Multi-RTT-SignalMeasurementInformation the measurements relevant to RAN1 agreed offset (e.g., the actual index difference between subframe j and subframe i and the DL timing drift due to Doppler over the service link associated with the UE RX-TX time difference measurement period) with detailed definition referred to RAN1 agreements.
Proposal 3: Add indication indicating the requested positioning measurements (e.g.,multi-RTT measurement) is for NW verified UE location in the LPP configuration (e.g, RequestLocationInformation) from location server to UE.

Proposal 4: ephemeris and corresponding time information (e.g., epochTime) is provided to LMF only by gNB, with details up to RAN3 (e.g., on whether OAM or gNB to provide such information).  
Proposal 5: Only one capability (i.e., FG 44-3) is defined for UE’s capability to support the feature of network verified UE location in NR NTN.
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