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Introduction
The following conclusion/agreements have been made as a progress for improved GNSS operation for IoT-NTN in RAN1 #109-e [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. 

[bookmark: _Hlk528874692]In this contribution, we further discuss on the details of the GNSS operation enhancement for IoT-NTN.
Discussions
GNSS measurement in connected mode
In Rel-17, it has been agreed that the GNSS position fix is only performed in idle mode considering the short sporadic traffic pattern for IoT devices. As agreed, a longer traffic pattern is also considered for IoT devices in Rel-18 which motivates to enable the GNSS position fix during RRC connected mode as well. Otherwise, a UE may need to go to an idle mode to re-acquire GNSS position fix and come back to connected mode to continue the transmission, which results in unnecessary delay, battery consumption, and signaling overhead due to RACH and RRC configuration procedures. 
In the previous meeting, the group agreed to consider the following two options:
· Option 1: UE re-acquires GNSS position fix during RLF procedure
· Option 2: UE re-acquires GNSS position fix with a new gap 
The Option 1 requires a UE to enter RLF procedures to perform GNSS position fix and it is unclear in which stage of the RLF procedure the UE is allowed to perform GNSS position fix. Moreover, eNB may not know the status of the RLF procedure at the UE since the RLF procedure is mainly based on measurement quality of RLM-RS. Possibly, a UE may have consecutive OOSs due to the outdated GNSS position fix which could have been avoided if the UE is allowed to re-acquire GNSS position fix when the validity timer is expired. Without knowledge of when the UE performs GNSS position fix at the eNB scheduler, the scheduled downlink and uplink resources will be wasted which doesn’t seem to be desirable.
In Option 2, a UE can re-acquire GNSS position fix within a new gap configured, where the periodicity of the new gap can be configured based on the GNSS validity duration reported by UE which is agreed to be supported in Rel-17. There is no risk of increased RLF declaration or waste of DL/UL resources from this option while specification impact could be a little bit higher than Option 1.
Proposal-1:	Support a new gap for a UE to re-acquire GNSS position fix (i.e., Option 2).
GNSS assistance information
As a GNSS assistance information in Rel-17, a UE autonomously determines its GNSS validity duration and reports the value via RRC signaling. In the previous RAN1 meeting, the necessity of additional GNSS assistance information was discussed. During the discussion, three options were on the table such as 1) UE reports it is stationary with a fixed GNSS position, 2) UE reports GNSS position fix measurement time, and 3) UE reports capability with no GNSS usage restrictions for simultaneous GNSS and IoT operations.
As discussed in the last meeting, the Option 1 seems to be already supported from the GNSS validity duration reporting (e.g., “infinity”) in Rel-17 and Option 3 is unclear yet whether we will consider the UE has a capability of simultaneous GNSS and IoT operations. 
Considering that GNSS position fix measurement time is up to UE implementation, the required time gap for GNSS position fix measurement time could be different across UEs. If a new gap is introduced for re-acquiring GNSS position fix as discussed in the previous section, a UE may not be able to transmit/receive signal as the cellular module will be turned off while measuring GNSS position fix measurement. Therefore, it seems to be beneficial to report required time gap for GNSS position fix as a part of GNSS assistance information together with GNSS validity duration so that eNB can configure properly for the periodicity and length of the new gap. Otherwise, the new gap needs to be configured based on the worst-case scenario which is not efficient.
Observation-1: reporting of the required time gap for GNSS position fix measurement is beneficial when the new time gap is introduced as the required time gap could be largely different up to UE implementation and it can avoid penalizing UEs with higher capability.
Proposal-2: support reporting of the required time gap for GNSS position fix as a part of GNSS assistance information if the new time gap is introduced.
With the indication of the required time gap for GNSS position fix, the Option 3 could be implicitly indicated by having ‘0’ value as the required time gap if those type of UEs is also supported in Rel-18.
Observation-2: UE capability of simultaneous GNSS and IoT operations can be indicated implicitly by reporting ‘0’ value of the required time gap for GNSS position fix measurement.
Triggering of GNSS measurement
The group agreed to study further on whether a triggering mechanism is needed for GNSS measurement and who will trigger the measurement. Provided that a new gap is introduced for GNSS position fix measurement for long connection time and the gap is configured or indicated by eNB, it is up to UE to perform GNSS position fix measurement during the gap configured. Therefore, additional mechanism to trigger GNSS measurement by eNB doesn’t seem to be needed.
Observation-3: Network triggered GNSS measurement is not necessary if a new gap for GNSS position fix is introduced in Rel-18 since a UE may perform GNSS measurement in the gap configured by the eNB.
As a UE reports GNSS validity duration and eNB use the reported information to determine GNSS measurement period, it doesn’t seem to be clear whether any additional mechanism is needed for triggering GNSS measurement. If eNB doesn’t provide resources for GNSS measurement, the UE will wait to enter idle mode and re-acquire GNSS position fix.
Observation-4: UE triggered GNSS measurement is not necessary considering that UE already reports GNSS validity duration as an assistance information for GNSS operation.
Based on the observation, unless very good justification is found, additional mechanism to trigger GNSS measurement doesn’t seem to be needed.
Proposal-3: no support of additional mechanism to trigger GNSS measurement.
Summary
In this contribution, we discussed on enhancement of GNSS operation for IoT-NTN. Based on the discussions, we propose the following: 
Observation-1: reporting of the required time gap for GNSS position fix measurement is beneficial when the new time gap is introduced as the required time gap could be largely different up to UE implementation and it can avoid penalizing UEs with higher capability.
Observation-2: UE capability of simultaneous GNSS and IoT operations can be indicated implicitly by reporting ‘0’ value of the required time gap for GNSS position fix measurement.
Observation-3: Network triggered GNSS measurement is not necessary if a new gap for GNSS position fix is introduced in Rel-18 since a UE may perform GNSS measurement in the gap configured by the eNB.
Observation-4: UE triggered GNSS measurement is not necessary considering that UE already reports GNSS validity duration as an assistance information for GNSS operation.

Proposal-1:	Support a new gap for a UE to re-acquire GNSS position fix (i.e., Option 2).
Proposal-2: support reporting of the required time gap for GNSS position fix as a part of GNSS assistance information if the new time gap is introduced.
Proposal-3: no support of additional mechanism to trigger GNSS measurement.
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