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For GNSS operation improvement for IoT NTN, there were some discussions on GNSS validity and GNSS measurement in RAN1 #109 meeting. Moreover, a few agreements on GNSS operation were concluded as follows in last RAN1 meeting[1]:
Conclusion
IoT NTN UE may need to re-acquire a valid GNSS position fix in long connection time. 
· FFS: Whether and how to update or reduce the need to update GNSS position fix in long connection time

Agreement
Closed loop time and frequency correction, with potential enhancements, for IoT-NTN is considered to reduce the need for UE to update GNSS position fix in long connection time 

Agreement
At least the following options can be considered on GNSS measurement in connected for potential enhancements for improved GNSS operations: 
· Option 1: UE re-acquires GNSS position fix during RLF procedure
· Option 2: UE re-acquires GNSS position fix with a new gap 
Note: this does not imply that a Rel-18 IoT NTN UE is mandated to support one or both of the options.

Agreement
UE reports additional GNSS assistance information and further study the detailed GNSS assistance information, including e.g. GNSS position fix measurement time 
· Note: Since RAN1 agreed that GNSS validity duration is reported by UE in Rel-17, it is already included in GNSS assistance information.

Agreement
Further study on whether there is a need for potential enhancements on the following for long connection time
· UE triggered GNSS measurement.
· Network triggered GNSS measurement. 

In this contribution, we further analyze relevant issues for GNSS fix improveement and provide our views on these issues.
Discussion
0. GNSS measurement gap configuration  
For the long connections in IoT NTN, if allow UE to measure the GNSS position fix when the GNSS information is expired, it is necessary to set the time alignment between UE and gNB via one exact measurement window. In this measurement window, gNB will not schedule data transmission and also UE will stop any signal processing except the GNSS measurement. 
Since the GNSS measurement duration is relevant to UE capability and channel conditions, sometimes GNSS measurement gap can be varied. Then it requires GNSS measurement gap to adapt the real processing time. However, instant measurement configuration may not be necessary, because it will complicate the gNB processing and signaling design, even requiring UE assisted information reporting frequently. Hence, it is better to set a minimum measurement window as one minimum pausing gap. The gNB can start signal processing for this UE when the measurement window is ended, e.g receiving the PRACH signal as the assisted UL synchronization or scheduling the PUSCH transmission directly. In this context, the GNSS measurement gap can be one common configuration, after that, gNB can start the signal detection by assuming UE has acquired the new GNSS position fix. 
Proposal 1: Specify one common GNSS measurement gap as minimum measurement duration for the all UEs to minimize the standard impact. 
0.  GNSS measurement triggering 
Regarding whether the GNSS measurement will be triggered, it can be UE triggering or gNB triggering. Since the long connection is only fit for the long time transmission, hence, the GNSS postion fix reacquiring should be enabled or disabled per on-demand. If the UE has long data service, reacquiring the GNSS position fix is necessary, otherwise, UE can leave the RRC_CONNECTED . In general, when UE is aware of its long time service needed,  UE can report one GNSS indication to inform the GNSS measurement is needed when the GNSS position become out-of-date. Based on this indicaiton, gNB will confirm that the UE will not leave RRC_CONNECTED when the existing GNSS position become out-of-date. The gNB can also determine that a long connection is needed for a UE based on the UE’s service traffic status, and send a indication to UE.  
Proposal 2: UE can report one indication to confirm whether a new GNSS measurement is needed when the GNSS position fix becomes out-of-date.   
0. UE behaviors after GNSS measurement  
If a long connection or a new GNSS measurement is needed for an UE as discussed in section 2.2, the UE can perform GNSS measurement without leave RRC_CONNECTED, when the existing GNSS become out-of-date. The network will also not leave the UE RRC_CONNECTED, when the existing GNSS of the UE become out-of-date.
When UE has finished the GNSS measurement, e.g. during or after the minimum measurement window as discussed in section 2.1, UE should firstly get the DL synchronization or reference signal to recover the DL signaling, because the UE has not received the DL signals for a long time. And consequently UE may send PRACH signal to network for UL synchronization refinement, and inform the network the completion of GNSS measurement. The whole procedure is more like as the UL out-of-synchronization. One dedicated PRACH resource can be configured to the UE for UL re-synchronization and the completion indication of GNSS measurement.
Proposal 3: UE should recover DL synchronization and send the UL PRACH signal to network for UL re-synchronization and the indication of GNSS measurement completion.
In summary, the UE will not leave the RRC_CONNECTED if necessary based on its service traffic requirement, and perform GNSS measurement, when the existing GNSS position fix is out of data. If the UE has finished GNSS measurement, e.g. during or after a minimum measurement window, it should recover DL synchronization and send the UL PRACH signal to network for UL re-synchronization and the completion indication of GNSS measurement.   
Conclusion
In this contribution, we analzyed potential issues of reacquiring GNSS position fix, and some proposals are made as the follows:
Proposal 1: Specify one common GNSS measurement gap as minimum measurement duration for the all UEs to minimize the standard impact.  
Proposal 2: UE can report one indication to confirm whether a new GNSS measurement is needed when the GNSS position fix becomes out-of-date.  
[bookmark: _GoBack]Proposal 3: UE should recover DL synchronization and send the UL PRACH signal to network for UL re-synchronization and the indication of GNSS measurement completion. 
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