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1. Introduction 
Following agreements were made in the RAN2#121 meeting.
· RAN2 will work on a solution that ensures that location verification can be completed within a period of approximately 1 minute maximum and 30 seconds preferably.

· For network verified UE location, the verification procedure can only be triggered by the CN.

· Network initiated verification procedure can be triggered by the NW when the UE is in RRC Connected. FFS whether the NTN UE can perform/report measurements also when in Inactive state.

· RAN2 will not specify an AS mechanism to prevent UEs not supporting the required RAT dependent positioning methods to access the network

· RAN2 assumes that, as a baseline, legacy signalling procedure of location service can be reused for the purpose of network verified UE location in NTN.

· RAN2 assumes that in general the mirror point issue can be resolved by properly configuring neighbor cell measurement to UE, for example, measurement of two neighbor cells in the opposite side of a satellite beam. FFS if there are any cases that require anything in the specs.

Following agreement was made in RAN2#121bis meeting.
· NTN UE doesn’t support positioning measurement and report in RRC INACTIVE.

In this document, we focus on the detail operation and signaling support for the multi-RTT based positioning with only a single satellite visible at a time.

2. Discussion 

Multi-RTT based positioning
The key part of multi-RTT based positioning is the calculation of multiple RTTs of UE to gNB at multiple time instances. LPP-based multi-RTT positioning has already been specified in TS 37.355. In this case the UE measures the PRS and transmits the configured SRS. The UE reports the UE’s observed Rx-Tx difference, i.e., UL time and DL time difference based on PRS at time t1 figure 1 to LMF and the network (TRP) reports the Tx-Rx difference to LMF, i.e., DL time and UL time difference based on SRS at time t5 in figure 1. Then LMF calculates the UE’s RTT. Since this process of determining RTT involves the RAT assistance, this can be considered for location verification purpose.
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Figure 1 PRS and SRS timeline for multi-RTT positioning
In case of NTN, the movement of satellite makes it more challenging as the LMF will need more accurate information related to TRP, i.e., satellite position for each instance of PRS measurement and SRS transmission. For verification purpose, the network should also perform SRS measurement to determine RTT such as network Tx-Rx time difference measurement. 
RAN2 made following agreement:

· RAN2 assumes that, as a baseline, legacy signalling procedure of location service can be reused for the purpose of network verified UE location in NTN.
RAN1 has also agreed to use Rx-Tx time difference measurement for network verified UE location. Therefore, existing multi-RTT based positioning could be re-used in NTN. As specified in TS 37.355, the UE can transmit batch UE Rx-Tx difference reports with every detail needed such as PRS ID, time stamp, PCI, GCI, ARFCN, Rx-Tx time difference with granularity K0. Similarly gNB can report NW Tx-Rx time difference measurement to LMF via NRPPa. With the detail information, the LMF should be able to determine the information of satellite at the time the UE was performing PRS measurement. We think the existing SRS and PRS configuration/signaling procedure also works. RAN1 should consider if any optimization is needed for SRS/PRS configuration in NTN.
NR-Multi-RTT-MeasElement-r16 ::= SEQUENCE {
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OPTIONAL,
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OPTIONAL,
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OPTIONAL,
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OPTIONAL,


nr-DL-PRS-ResourceSetID-r16

NR-DL-PRS-ResourceSetID-r16





OPTIONAL,


nr-UE-RxTxTimeDiff-r16


CHOICE {
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INTEGER (0..1970049),
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INTEGER (0..985025),
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INTEGER (0..492513),
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INTEGER (0..246257),
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INTEGER (0..123129),
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INTEGER (0..61565),




...


},


nr-AdditionalPathList-r16

NR-AdditionalPathList-r16





OPTIONAL,


nr-TimeStamp-r16



NR-TimeStamp-r16,


nr-TimingQuality-r16


NR-TimingQuality-r16,

There could be a change in definition of UE Rx-Tx time difference and reporting of additional information like UL subframe that carries the SRS due to time variant UE’s timing advance. But this also has to be discussed by RAN1 so RAN2 can wait if any change is needed. In addition, it may be necessary for gNB and UE to report the measurement associated with the same SRS because the timing advance of UE is different at different SRS measurements of gNB. For this also, RAN2 can wait for RAN1 progress.
Proposal 1 Existing multi-RTT-based positioning method is used for network verified UE location. RAN2 wait for RAN1 progress whether any change needed on reporting format for UE/gNB Rx-Tx time difference and any other assistance information need to be reported.

Latency could be one potential issue of using multi-RTT positioning in NTN. In Rel-17, some enhancements were made to reduce the latency such as 

· Storing UE Positioning Capabilities at AMF
· Preconfigured Assistance Data

· Location Scheduling in Advance (scheduled location time)
We should further check if any optimization would be needed for NTN. The moving cell scenario may pose challenge as cell change can happen frequently. There still needs to be message exchanges between UE and LMF and also between gNB and LMF. This can be further discussed for optimization such as area based PRS configuration to be extended to include the area-based SRS.
Proposal 2 In case of moving cell (i.e., frequency handover), study latency reduction enhancements for multi-RTT based positioning method such as optimization to Preconfigured Assistance Data for PRS.
LMF assistance information

Currently an LMF can request information for TRPs hosted by gNB using TRP INFORMATION REQUEST via NRPPa protocol. Then the gNB can respond with the TRP information as shown following in TS 38.455. As we can see no satellite information (e.g., ephemeris, and beam information) associated with the TRP is provided to LMF. Instead of introducing a different procedure, e.g., AMF or O&M providing list of satellite information to LMF or introducing new message in NRPPa to carry list of satellite information, it is better to extend the TRP information IE in NRPPa as LMF would anyway need assistance from TRP on mapping of the PCI and satellite ephemeris for location calculation. However, how satellite information mapping is configured to LMF can be discussed in RAN3. 
Current TRP beam antenna information in TRP Information IE in NRPPa message is not clear if it is sufficient. At least the existing TRP information IE can be further enhanced to carry the satellite beam information (e.g., beam center coordinates, and radius). Additionally, if gNB has UE’s location information such as UE’s coarse location information, it is also very helpful to provide to LMF. This can help LMF to properly (pre-)configure TRPs (satellite cells may change) and PRS (e.g., area-based PRS and additionally SRS) efficiently based on UE’s rough location. 
Proposal 3 Discuss whether RAN needs to send other information like beam information (i.e., beam center and elevation angle) and coarse UE location information to LMF.

Mirror point

RAN2 made following agreement.

· RAN2 assumes that in general the mirror point issue can be resolved by properly configuring neighbor cell measurement to UE, for example, measurement of two neighbor cells in the opposite side of a satellite beam. FFS if there are any cases that require anything in the specs.
The LMF could send indication to the gNB that mirror point also needs to be resolved. In this case, the gNB may configure the connected mode measurement (e.g., measurement objects) for proper neighbor cells and gNB receives measurement report from the UE. Then gNB sends the corresponding measurements to the LMF.

For this purpose, existing ECID messages in NRPPa can be used to carry indication of mirror point resolution and measurement result. However, this may require LMF to trigger NR ECID based positioning method and some change is needed to indicate this is triggered for the purpose of measurement report not for invoking a new positioning session. 
The other option is that the positioning information request in NRPPa protocol procedure can be enhanced to include indication of mirror point resolution. And the measurement response message in NRPPa protocol can be extended to include the measurement report available at gNB. Therefore, RAN3 can be informed for this possible impact to NRPPa messages.

Proposal 4 To resolve mirror point, LMF sends indication to gNB to report corresponding measurements which can resolve the mirror point. Send LS to RAN3 for possible impact to NRPPa message to carry indication and corresponding measurement report.

3. Conclusion

Following proposals are made.
Proposal 1
Existing multi-RTT-based positioning method is used for network verified UE location. RAN2 wait for RAN1 progress whether any change needed on reporting format for UE/gNB Rx-Tx time difference and any other assistance information need to be reported.
Proposal 2
In case of moving cell (i.e., frequency handover), study latency reduction enhancements for multi-RTT based positioning method such as optimization to Preconfigured Assistance Data for PRS.
Proposal 3
Discuss whether RAN needs to send other information like beam information (i.e., beam center and elevation angle) and coarse UE location information to LMF.
Proposal 4
To resolve mirror point, LMF sends indication to gNB to report corresponding measurements which can resolve the mirror point. Send LS to RAN3 for possible impact to NRPPa message to carry indication and corresponding measurement report.
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