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Introduction
In RAN#98e [1], the revised WID on IoT NTN enhancements has been endorsed for Release 18. The work item aims to specify further enhancements for E-UTRA (LTE-RAN) based NTN (non-terrestrial networks).
The WID considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objective related to improved GNSS operations as follows:

Study and specify needed improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1, RAN2]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.
This contribution aims to discuss RAN2 aspects related to enhanced GNSS operations for IoT NTN.

2 Discussion
GNSS measurement reporting
In RAN2#123, it was discussed whether UE would trigger an SR for UL MAC CE of remaining GNSS validity duration report when UE finishes GNSS measurement but there are no available UL-SCH resources, and there is no agreement. 
In the meantime, RAN1#114 made the following agreement:
	Agreement
The UE is not required to monitor N/MPDCCH within the aperiodic GNSS measurement gap, except after a CBRA (PRACH) is sent.
· CBRA (PRACH) can be sent at least to request UL resource to report the remaining GNSS validity duration.
Note1: The CBRA (PRACH) can only be sent within the duration after UE reacquires GNSS successfully to the end of the gap.
Note2: Whether CBRA (PRACH) is sent is up to UE implementation.
Note3: no change to existing CBRA procedures
FFS: whether other RA procedure is needed.



RAN1 has allowed random access to report remaining GNSS validity duration within the measurement gap. Whether the PRACH is sent is up to UE implementation. To align with RAN1 agreement, RAN2 needs to specify that GNSS validity duration report MAC CE may trigger SR upon GNSS measurement completion within the measurement gap.
Proposal 1a: If GNSS measurement is completed within the measurement gap, upon measurement completion GNSS validity duration report MAC CE may trigger SR.
For the case of reporting remaining GNSS validity duration after the measurement gap, where the network can send an UL grant to UE, RAN1 has no agreement. To keep the solution simple and consistent, it is better to follow the same UE behavior in this case.
Proposal 1b: If GNSS measurement is completed after the measurement gap, upon measurement completion GNSS validity duration report MAC CE will trigger SR.
For the UE autonomously trigger GNSS measurement where a measurement timer is defined, to keep the solution simple and consistent, it is better to follow the same UE behavior. 
Proposal 2a: For UE autonomous GNSS measurement trigger, if GNSS measurement is completed within the measurement timer, upon measurement completion GNSS validity duration report MAC CE may trigger SR.
Proposal 2b: For UE autonomous GNSS measurement trigger, if GNSS measurement is completed after the measurement timer, upon measurement completion GNSS validity duration report MAC CE will trigger SR.
For the UE autonomously trigger during the DRX inactivity time, the network wouldn’t have any idea when the GNSS measurement had been done. If UE does not trigger SR to report the remaining GNSS validity duration to the network as soon as possible, the network will trigger another GNSS measurement, which should be avoided.
Proposal 3: For UE autonomously trigger during the DRX inactivity time, upon GNSS measurement completion GNSS validity duration report MAC CE may trigger SR.
If random access keeps failing, there is a time point at which UE should stop trying and move to RRC idle.  The UE and the network need to be aligned with this time point. Hence, it is necessary to specify a duration D after the GNSS measurement timer/gap. If the UE cannot complete random access before the end of duration D, UE moves to RRC idle.
Proposal 4: RAN2 will introduce a new duration D after the measurement gap/time. If UE cannot complete random access before the end of duration D after measurement gap/timer, UE moves to idle. FFS for the value of duration D
Configurations
RAN1 has specify the following agreement regarding the length of GNSS measurement gap and GNSS measurement timer.
	Agreement
Network can configure the length for GNSS measurement gap via a 4-bit field with component values [1,2,3,4,5,6,7,13,19,25,31] second.
· FFS: other component values
· Note: RAN2 can further discuss whether separate configurations are needed for GNSS measurement gap and GNSS measurement timer, and whether the configuration is by RRC or MAC CE
Agreement
Network can configure the length for GNSS measurement timer via a 4-bit field with component values [1,2,3,4,5,6,7,13,19,25,31] second.
· FFS: other component values
· Note: RAN2 can further discuss whether separate configurations are needed for GNSS measurement gap and GNSS measurement timer



RAN2 can specify the content of GNSS measurement command MAC CE accordingly.
Proposal 5: GNSS Measurement Command MAC CE contains 4-bit GNSS measurement gap with component values: [1,2,3,4,5,6,7,13,19,25,31].
RAN2#123 has made the following agreement:
	UE autonomously trigger GNSS measurement can be configured via RRC dedicated signalling



Similar to the measurement gap for network aperiodical trigger, a time duration for GNSS measurement should be configured by the network. RAN1 expects that to be done by a timer. A new RRC timer T3xx should be introduced accordingly. The default value of time duration can be the UE-reported GNSS position fix duration. 
Proposal 6: A new RRC timer T3xx is configured by RRC signaling, where UE can re-acquire the GNSS position fix autonomously. 
According to the RAN1 agreement, the component values of the RRC timer configuration should be [1,2,3,4,5,6,7,13,19,25,31].
Proposal 7: The component values of the RRC timer T3xx configuration are: [1,2,3,4,5,6,7,13,19,25,31]. 

AS operation suspend/resume
In RAN2#123, RAN2 has made the following agreement for AS operation suspension within the GNSS measurement gap:
		Capture the following NOTE in Stage 2 (can further fix the wording):
	NOTE: The AS operations (e.g. RLM related timers, dataInactivityTimer, CHO execution, neighbour cell measurement, RACH, SR, and BSR) are suspended when UE is performing GNSS measurement during GNSS measurement gap.
	FFS whether we need to state something about AS resumption



For the timing when UE resumes the AS operation, one alternative is to be done when the GNSS measurement gap/timer ends. The other option is to be resumed upon UE completing GNSS measurement. The latter is better, as once the UE completes GNSS measurement during the measurement gap/timer, the AS operation interruption can be minimized. And RAN1 has agreed that random access is allowed within the GNSS measurement gap after completion of the GNSS measurement.
Proposal 8a: The UE AS operation should be resumed upon completion of UE’s GNSS measurement, at least within the measurement gap.
Whether the AS operation needs to be suspended during the GNSS measurement timer has not been discussed. As the UE cannot perform GNSS measurement and DL/UL transmission simultaneously, the AS operation needs to be suspended as well during the GNSS measurement timer.
Proposal 8b: The UE AS operation should be suspended when UE is performing GNSS measurement during the GNSS measurement timer.
To keep the solution simple and consistent, for the GNSS measurement timer, the AS operation resumption should follow the same UE behaviour as GNSS measurement gap.
Proposal 8c: The UE AS operation should be resumed upon UE completing GNSS measurement, at least within the GNSS measurement timer.

Duration X/Y
RAN1 has made the following agreement:
	Agreement
From RAN1 perspective, down select one for the duration X:
· Alt-3: when timeAlignmentTimer is not infinity, X is equal to remaining timeAlignmentTimer; when timeAlignmentTimer is infinity, X is equal to Y.
· FFS: whether X can be used to extend the original GNSS validity duration.
· Y is a configured value.
Note 1: The feature can be enabled/disabled by network
Note 2 (as already agreed): The duration X is where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition.



According to RAN1 agreement, the extension of the original GNSS validity duration can be enabled/disabled by the network. RAN2 needs to introduce the corresponding RRC parameter.
Proposal 9: A new RRC parameter is introduced in dedicated RRC signalling to enable/disable duration X.
According to the RAN1 agreement, the duration Y is a configured value. RAN2 needs to introduce the corresponding RRC parameter.
Proposal 10: A new RRC parameter is introduced in dedicated RRC signalling to configure duration Y when timeAlignmentTimer is infinity.

Other
In Rel-17 the UE reports the remaining GNSS validity duration in Msg5. When the reported value is infinity, it implies two cases. The first case is that the UE is capable of performing the GNSS measurement during the DL/UL transmission. When the GNSS validity duration ends, UE can autonomously get a new GNSS position fix and it would not break the connection. Therefore, the network can consider the GNSS validity duration of UE to be infinity. The other case is that the UE is a stationary device that is unlikely to move during the connection. There is no need to obtain a new GNSS position fix during the connection. Hence, the network can consider the GNSS validity duration of the UE as infinity.
When it comes to Rel-18, in both cases mentioned above, the UE does not need to obtain a new GNSS position fix during the connection process, so there is no need to report the GNSS position fix time duration.
Proposal 11: UE does not report GNSS position fix time duration when the remaining GNSS validity duration is infinity.
3 Conclusions
Proposal 1a: If GNSS measurement is completed within the measurement gap, upon measurement completion GNSS validity duration report MAC CE may trigger SR.
Proposal 1b: If GNSS measurement is completed after the measurement gap, upon measurement completion GNSS validity duration report MAC CE will trigger SR.
Proposal 2a: For UE autonomous GNSS measurement trigger, if GNSS measurement is completed within the measurement timer, upon measurement completion GNSS validity duration report MAC CE may trigger SR.
Proposal 2b: For UE autonomous GNSS measurement trigger, if GNSS measurement is completed after the measurement timer, upon measurement completion GNSS validity duration report MAC CE will trigger SR.
Proposal 3: For UE autonomously trigger during the DRX inactivity time, upon GNSS measurement completion GNSS validity duration report MAC CE may trigger SR.
Proposal 4: RAN2 will introduce a new duration D after the measurement gap/time. If UE cannot complete random access before the end of duration D after measurement gap/timer, UE moves to idle. FFS for the value of duration D.
Proposal 5: GNSS Measurement Command MAC CE contains 4-bit GNSS measurement gap with component values: [1,2,3,4,5,6,7,13,19,25,31].
Proposal 6: A new RRC timer T3xx is configured by RRC signaling, where UE can re-acquire the GNSS position fix autonomously. 
Proposal 7: The component values of the RRC timer T3xx configuration are: [1,2,3,4,5,6,7,13,19,25,31]. 
Proposal 8a: The UE AS operation should be resumed upon completion of UE’s GNSS measurement, at least within the measurement gap.
Proposal 8b: The UE AS operation should be suspended when UE is performing GNSS measurement during the GNSS measurement timer.
Proposal 8c: The UE AS operation should be resumed upon UE completing GNSS measurement, at least within the GNSS measurement timer.
Proposal 9: A new RRC parameter is introduced in dedicated RRC signalling to enable/disable duration X.
Proposal 10: A new RRC parameter is introduced in dedicated RRC signalling to configure duration Y when timeAlignmentTimer is infinity.
Proposal 11: UE does not report GNSS position fix time duration when the remaining GNSS validity duration is infinity.
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