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Introduction
In RAN1#109e meeting, the following agreements were made on GNSS operation for IoT NTN [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 present the discussion on the improved GNSS operation in IoT NTN scenario.

Discussion
Only sporadic short transmission is supported in Rel-17. For sporadic short transmission, UE in RRC_CONNECTED should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated which means UE is not required to perform GNSS measurement during the connected mode. However, this would bring significant signal overhead and delay due to the GNSS measurement to re-acquire a GNSS position fix. A straightforward solution is to keep the IoT device stays in the connected mode when re-acquiring GNSS position fix. 
Simultaneously GNSS and NTN NB-IoT/eMTC operation is still not assumed in Rel-18 [2]. However, it appears to have different understandings on the simultaneously GNSS and NTN NB-IoT/eMTC operation. One interpretation could be when a UE performs GNSS measurement, the cellular connection is completely released. While the other one interpretation could be when a UE performs GNSS measurement, it cannot perform data exchange while it is capable to maintain the cellular connection. The IoT device is cost-sensitive typically. It is suggested to report the capability that indicating how the non-simultaneously GNSS and cellular operation is supported. The eNB can make proper decision based on UE’s reporting.
Proposal 1: UE reports the capability related to the non-simultaneously GNSS and NTN NB-IoT/eMTC operation.

It was agreed that the following two 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 
For option 1, the UE could initiate the RLF procedure upon the GNSS information expires and then a timer is started. The UE tries to perform GNSS measurement during the configured duration of the timers, and during that time UE stays in RRC_CONNECTED. If UE has not acquire a valid GNSS position fix upon the timer expires, then it declares RLF and moves to RRC_IDLE. Clearly, the UE should be able to at least maintain its cellular connection when perform the GNSS measurement is assumed for this option.
For option 2, the measurement gap can be configured. Upon the expire of the GNSS position fix, the UE can re-acquire the GNSS position fix during the configured measurement window. Depending on the UE’s capability, UE may also need to perform DL sync and initial access after acquire the GNSS position fix.
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Proposal 2: The IoT UE can be configured with measurement gap to perform GNSS measurement depending on the UE’s capability.

[bookmark: _GoBack]Another issue related to the long transmission is that assistant information acquisition. In Rel-17 design, the assistant information including common TA parameters and satellite ephemeris can be carried by SIBx and can be updated by dedicated signalling if needed in connected mode. In Rel-18 if the long transmission is supported, the assistant information may be updated. Much signalling overhead is expected if the assistant information is updated by RRC dedicated signalling. Thus, it is proposed to support the SIB reading during the connected mode.

Proposal 3: The IoT UE can acquire the assistant information from SIBx in connected mode.
Conclusions
In this contribution, we discuss the GNSS operation and SIB reading related to support long transmission. Based on our analysis, we have the following proposals:
Proposal 1: UE reports the capability related to the non-simultaneously GNSS and NTN NB-IoT/eMTC operation.
Proposal 2: The IoT UE can be configured with measurement gap to perform GNSS measurement depending on the UE’s capability.
Proposal 3: The IoT UE can acquire the assistant information from SIBx in connected mode.
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