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In RAN#109e [1], the conclusions and agreements on improved GNSS operation for IoT-NTN were made and the remaining issues needs to be further studied as below.
     In this contribution, the above issue is elaborated with corresponding analysis. 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
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. 


Solution of GNSS position acquisition
In IoT-NTN, re-acquisition of GNSS position may fail in long RRC connection time since simultaneous GNSS and NTN NB-IoT/eMTC operation cannot work for UE. Once GNSS becomes outdated, specified techniques should be utilized to ensure a new validity duration of GNSS to maintain in long connection time. To resolving this issue, the following two options are provided in RAN1#109e.
· Option 1: UE re-acquires GNSS position fix during RLF procedure
· Option 2: UE re-acquires GNSS position fix with a new gap 
By comparison, option 2 is an efficient way to avoid excessive procedures and resource waste, especially when RLF procedure fails and moves to RRC_idle mode. Meanwhile, if UE turns to RLF, reestablishment of RRC would bring higher power consumption and delay. Therefore, with consideration of lower complexity and cost, option 2 is the preferred solution to update GNSS position fix within a long connection time.
Observation 1: Enable the reacquisition of GNSS position fix without changes of UE’s state is beneficial to improve the UE’s power consumption and reduce the signalling overhead. 
Proposal 1: Option 2 is preferred for GNSS measurement in connected with consideration of lower complexity and cost.
As shown in Figure 1, a new gap as defined as option 2, i.e., a time window is introduced. During this period, UE remains at RRC_ Connected mode, but UL transmission (e.g., belong to either one scheduled PUSCH transmission or different) is suspended at the end of the validity period of GNSS. UE will obtain new GNSS information within the time window, and then continue to transmit. Thus, the re-acquisition of GNSS position can be achieved by this method under the premise that GNSS and IoT communication cannot work simultaneously.
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[bookmark: _Ref6006]Figure 1 Illustration of GNSS update in RRC_CONNECTED mode
In fact, UE and BS should reach a consensus on the start and end of the time window if this method is implemented. Otherwise, the accuracy of GNSS position between UE and BS cannot be guaranteed. Since the report of GNSS validity duration has been agreed to be supported in Rel-17, UE and BS can achieve consensus on the start of time window for GNSS positioning when the beginning of time window is set to the expiration time of previous GNSS information. Furthermore, the end of the time window can be known by both UE and BS if the length of time window is reported by UE before the end of current GNSS validity duration. And the start of validity duration of new GNSS information can be set as the end of the time window. With this method, the consensus on the time window for GNSS positioning and GNSS validity duration can be achieved. 
Proposal 2: Reporting the time length of a new gap for option 2 should be supported to ensure common understanding between BS and UE.
In reality, the report of time length of a new gap for GNSS re-acquisition can be significantly reduced since the mobility state of UE can be stable for a long time. In view of this situation, the validity duration of GNSS position and time length of time window can remain the same as the previous setting. Then signaling overhead can be saved when there is no corresponding report for several times. Therefore, the previous validity duration of GNSS position and time length of time window can be applied after a new GNSS position fix in IoT-NTN.
Proposal 3: The previous validity duration length and time window length should be applied after a new GNSS position fix if there is no corresponding report.
Conclusions
In this contribution, analysis on improved GNSS operation for IoT-NTN is conducted with following proposals and observations:
Observation 1: Enable the reacquisition of GNSS position fix without changes of UE’s state is beneficial to improve the UE’s power consumption and reduce the signalling overhead. 
Proposal 1: Option 2 is preferred for GNSS measurement in connected with consideration of lower complexity and cost.
Proposal 2: Reporting the time length of a new gap for option 2 should be supported to ensure common understanding between BS and UE.
Proposal 3: The previous validity duration length and time window length should be applied after a new GNSS position fix if there is no corresponding report.
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