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1 Introduction

RAN2 is asking RAN3 whether it is possible to handle 3 possible failure/delay scenarios for UE location verification [1]:
1. Handover between TN and NTN where LMF needs to be aware that UE capabilities may be different

2. Satellite switch with PCI unchanged, where SRS and PRS configurations remain the same but LMF would need to have updated satellite information

3. Intra-gNB handover.

We will discuss the above scenarios and propose a possible reply to RAN2.
2 Discussion
All scenarios mentioned by RAN2 involve possible delay or failure of UE location verification in connection to UE mobility. It is worth recalling some background on this issue.

UE location verification was introduced following operator concerns about reliably knowing the location of a UE for the purpose of selecting the appropriate core network [2].
The UE location information for the study is considered verified if the reported UE location is consistent with the network based assessment to within 5-10 km (similar to terrestrial network macro cell size), enabling country discrimination and selection of an appropriate core network in order to support all the regulatory services (i.e. emergency call, lawful intercept, public warning, charging/billing).

The solution should not impact significantly the latency of the targeted services nor infringe privacy requirements that apply to the UE location. [2]
It is also assumed that during verification, the UE is attached to the network for the purpose of positioning. [2]
According to SA2 there was no real time restriction on location verification and a latency of more than 10 s could be tolerated, although it was not desirable if location verification took too long because it might interfere with UE power saving. SA2 also concluded that UE location verification would run in parallel with any other UE related activity [3] (and this of course includes mobility).
Let us now look at the specific scenarios. In general, if we consider the SA2 estimate that there is no real time restriction on location verification, its latency does not seem to be a specific cause for concern.
Observation 1: Considering the SA2 estimate that there is no real time restriction on location verification, its latency does not seem to be a specific cause for concern.

2.1 Handover Between TN and NTN; Possibly Different UE Capabilities
If the UE is handed over from NTN to TN while location verification is ongoing in the source node, the source node (NTN gNB) will fail the procedure toward the LMF (sending e.g. an E-CID MEASUREMENT INITIATION FAILURE message
 in case of on demand measurement, or an E-CID MEASUREMENT FAILURE INDICATION message in case of periodic measurements) with an appropriate cause value (e.g. “Serving NG-RAN node changed”). At that point, given that the new serving gNB is in a TN, no UE location verification will be triggered. The on-demand measurement case is shown in Figure 1 below.
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Figure 1 Handover from NTN to TN during UE location verification (on demand E-CID measurement).

The AMF will also be aware that the UE has changed serving NG-RAN node.

If the UE is handed over from TN to NTN, UE location verification is triggered by the AMF toward the target NTN gNB according to current stage 2.
The above is irrespective of reported UE capabilities.

Observation 2: Scenario 1 is supported by current NRPPa.
2.2 Satellite Switch with Same PCI, SRS, and PRS
If they connect to the same gNB, the two satellites are seen from the LMF as different TRPs. The corresponding measurements (e.g. in the TRP Measurement Response List IE in the MEASUREMENT RESPONSE and MEASUREMENT REPORT messages) will be received with different TRP IDs. This is true regardless of the PCI and PRS configuration of each TRP, and of the SRS configuration for the UE.
If the LMF includes both the old and the new TRP IDs in the TRP Measurement Request List IE in the MEASUREMENT REQUEST message, then it will receive measurements from both TRPs. This is shown in Figure 2 below for the periodic measurement case.
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Figure 2 Satellite switch during UE location verification (periodic measurement); both TRP IDs included in request from LMF.

If the LMF only includes the old TRP ID in the request, the gNB will send a failure message (e.g. MEASUREMENT FAILURE INDICATION message) with an appropriate cause value (e.g. “Requested Item Temporarily not Available”). This is shown in Figure 3 below for the periodic measurement case.
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Figure 3 Satellite switch during UE location verification (periodic measurement); new TRP ID not included in request from LMF.
After receiving the failure message, the LMF may initiate a Measurement procedure including the new TRP ID in the request message.

Notice that if the LMF is configured with the satellite ephemeris and knows the position of each TRP according to our proposal in [4], it can include only the appropriate TRP IDs in the measurement request, avoiding useless signaling and preventing this failure scenario.
In conclusion, scenario 2 is supported by current NRPPa.
Observation 3: Scenario 2 is supported by current NRPPa.
2.3 Intra-gNB Handover
If the positioning measurement is requested by the LMF as “on demand” and the UE switches cell while the procedure is ongoing, the gNB continues the measurement in the target cell; the LMF will receive e.g. an E-CID MEASUREMENT INITIATION RESPONSE message with the measurement in the target cell. If the positioning measurement is requested as “periodic”, the LMF will continue receiving the periodic E-CID MEASUREMENT REPORT messages containing the measurements from the target cell. Both cases are shown in Figure 3 below.
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Figure 4 Intra-gNB handover during UE location verification; on demand (above) and periodic E-CID measurements (below).

Observation 4: Scenario 3 is supported by current NRPPa.
3 Conclusions and Proposals
Our observations and proposal are summarized below.
Observation 1: Considering the SA2 estimate that there is no real time restriction on location verification, its latency does not seem to be a specific cause for concern.

Observation 2: Scenario 1 is supported by current specifications.
Observation 3: Scenario 2 is supported by current specifications.
Observation 4: Scenario 3 is supported by current specifications.

Proposal 1: Reply to RAN2 that all the proposed scenarios are supported by current NRPPa, i.e. the serving gNB can report to the LMF with the existing failure case given that delay is not a specific cause for concern.
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� For simplicity we refer to E-CID procedures in NRPPa, but the conclusions remain the same also with other positioning methods.
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