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1 Introduction
In the RAN#98 e-meeting, the New WID on NR NTN (Non-Terrestrial Networks) enhancements was agreed and the objective on network verified UE location was listed as following [1].

In this contribution, we will discuss signalling procedures for network verified UE location and provides some suggestions.
2 Discussion
In study phase, RAN2 agreed that the existing LCS framework can be reused for UE location verification, and RAN3 agreed that the UE location verification is performed in the CN, and SA2 also confirms that the AMF is responsible for triggering UE location verification. Therefore, we think the following procedures for network verified UE location can be considered as baseline.
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Figure 1 UE location verification procedure
Step 1, AMF triggers UE location verification;
Step 2, AMF sends the location service request to LMF when UE location verification is triggered;

Step 3a, LMF instigates location procedures with the serving and possibly neighbouring gNB in the NG-RAN– e.g. to obtain positioning measurements or assistance data.

Step 3b, LMF instigates location procedures with the UE – e.g. to obtain a location estimate or positioning measurements or to transfer location assistance data to the UE.

Step 4, LMF provides a location service response to AMF and includes a location estimate for UE.

Step 5, AMF verifies the UE location;
Proposal 1: The above procedure is used as baseline of signalling procedures for network verified UE location, including AMF triggers UE location verification, AMF sends the location request to LMF, LMF acquires the UE location with essential LPP and/or NRPPa procedure, LMF sends the UE location to AMF and AMF verifies the UE location.
Currently, LMF considers UE capabilities and location service requirements and determines a positioning method. However, only RAT-dependent positioning can be used for UE location verification, for instance, maybe only multi-RTT can be used for UE location verification, therefore, only specific positioning method can be used such as multi-RTT when LMF receives the location service request from AMF. And SA2 also thinks the LMF may decide specific positioning methods to be used for verification based on RAN WG decisions.Therefore, the AMF may provide the assistance information to LMF to assist the LMF to determine a proper positioning method, for instance, the AMF may indicate to the LMF to select multi-RTT positioning methods, and AMF may indicate that the purpose of the UE positioning is UE location verification as well.
Proposal 2: LMF needs assistance information to select a proper positioning method (e,g. Multi-RTT) for UE location verification.

Since RAN to prioritize the specification of necessary enhancements to multi-RTT to support NTN verified UE location assuming a single satellite in view, we discuss the signalling procedures for multi-RTT positioning with a single satellite in view when periodic SRS is configured. The following is the signalling procedure for multi-RTT positioning with a single satellite involved. 
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Figure 2 Signalling procedures for multi-RTT with single satellite in view
If SRS is semi-persistent or aperiodic, LMF triggers gNB to activate or deactivate the SRS, and the gNB sends the activation/deactivation command to UE, it leads to much positioning latency, especially for NTN. UE and gNB might not have enough time to get multiple positioning measurements if semi-persistent or aperiodic is configured. 
Proposal 3: The periodic SRS is considered with high priority for network verified UE location in Rel-18.
Proposal 4: The above signalling procedures is considered as baseline for multi-RTT positioning with a single satellite in view when periodic SRS is configured. 
Regarding the multi-RTT positioning with single satellite in view, the key point is gNB should provide multiple gNB Rx-Tx time difference positioning measurements with different measure time to LMF and UE should provide multiple UE Rx-Tx time difference positioning measurements with different measure time to LMF as well. LMF could configure UE or gNB to report the positioning measurement periodically, in this way, the UE and gNB should send multiple LPP and NRPPa message respectively. LMF also could configure the UE and gNB to report multiple positioning measurements in one shot report and LMF may indicate the multiple measure time to UE and gNB.
Proposal 5: gNB should provide multiple gNB Rx-Tx time difference measurements and UE should provide multiple UE Rx-Tx time difference measurements with multiple measurement times to LMF respectively.
Proposal 6: LMF could configure UE and gNB to report the positioning measurement periodically or configure the UE and gNB to report multiple positioning measurements in one shot report. 
In TN network, the location of the TRP/gNB is fixed, but for NTN, the location of the satellite keeps changing, the satellite location should be provided to LMF for LMF calculating the UE location. We think there are two solutions as follows；
Solution 1: LMF acquires the ephemeris data of the satellite, for instance, gNB provides the ephemeris data to LMF, and then LMF determine the satellite location base on the measurement time from the UE and gNB;

Solution 2: gNB and UE determines the satellite location when UE and gNB performs the positioning measurement, and then provides the satellite location which is associated with the positioning measurement.
Considering the ephemeris data has valid duration, the gNB will sends the ephemeris data to LMF frequently, so we think the solution 2 can be considered.
Proposal 7: gNB and UE determine the satellite location when UE and gNB performs the positioning measurement, and provide the satellite location which is associated with the positioning measurement to LMF.
3 Conclusions 
In this contribution, we have discussed the UE location verification and provide the following proposals:
Proposal 1: The above procedure is used as baseline of signalling procedures for network verified UE location, including AMF triggers UE location verification, AMF sends the location request to LMF, LMF acquires the UE location with essential LPP and/or NRPPa procedure, LMF sends the UE location to AMF and AMF verifies the UE location.
Proposal 2: LMF needs assistance information to select a proper positioning method (e,g. Multi-RTT) for UE location verification.
Proposal 3: The periodic SRS is considered with high priority for network verified UE location in Rel-18.
Proposal 4: The above signalling procedures is considered as baseline for multi-RTT positioning with a single satellite in view when periodic SRS is configured.
Proposal 5: gNB should provide multiple gNB Rx-Tx time difference measurements and UE should provide multiple UE Rx-Tx time difference measurements with multiple measurement times to LMF respectively.
Proposal 6: LMF could configure UE and gNB to report the positioning measurement periodically or configure the UE and gNB to report multiple positioning measurements in one shot report.
Proposal 7: gNB and UE determine the satellite location when UE and gNB performs the positioning measurement, and provide the satellite location which is associated with the positioning measurement to LMF.
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4.1.3	Network verified UE location





Based on RAN1 conclusions of the study phase, RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view [RAN1, 2, 3, 4]. DL-TDoA methods for verification may be considered as lower priority and if time permits and condition in Note is satisfied.





Note 1: Enhancements assume reuse of the RAT dependent positioning framework


Note 2: The specification of DL-TDOA enhancements will be subject to the study of the impact of realistic UE clock drift onto DL-TDOA performance


Note 3: The target accuracy for position verification purposes is as documented in clause « recommendations » of the 3GPP TR 38.882 (i.e. 10 km granularity)


Note 4 : Multiple satellite in view by the UE may be considered if time allows


Note 5 : The enhancements may be subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved


Note 6 : The enhancements should take into account the mirror-image ambiguity


Note 7 : Network verified UE location is an optional UE feature
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