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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 the remaining open issues related to enhanced GNSS operations for IoT NTN.

2 Discussion
RAN2 has made the following agreement in the RAN2#123bis:
1. GNSS Duration Report MAC CE will not trigger SR; instead CBRA will be used.

However, according to the RAN1 agreement, whether CBRA (PRACH) is sent is up to UE implementation. The RAN2 agreement does not align with the RAN1 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.



Furthermore, during the post-RAN2#123bis MAC running CR review, one company thought if there is available UL resource to accommodate the MAC CE, UE should use it to transmit the GNSS validity duration MAC CE, otherwise, it triggers RACH. Other companies agreed. It also does not align with this RAN2 agreement.
Based on the above information, we would like to revise the RAN2 agreement to:
GNSS Duration Report MAC CE will not trigger SR; instead CBRA will can be used (up to UE implementation).
Proposal 1: Revise the RAN2 agreement as: GNSS Duration Report MAC CE will not trigger SR; instead CBRA can be used (up to UE implementation).
In RAN1, duration X is defined as a period during which UL transmission can be allowed after the original GNSS validity duration expires without GNSS re-acquisition. If the GNSS measurement gap/timer is not configured, UE can continuously receive and transmit during duration X. After the duration X, UE may not be able to keep the frequency error and timing error within the frequency and timing error requirements. The GNSS position fix can be considered outdated, and UE should move to idle mode after X+ GNSS validity duration.
Proposal 2: If GNSS measurement gap/timer is not configured and duration X is enabled, UE considers the GNSS position as outdated after X + GNSS validity duration and moves to RRC_IDLE.
RAN2 has made agreement about UE behaviour if UE failed to re-acquire GNSS position fix during the inactive state of C-DRX, but UE behaviour for GNSS position fix failure for GNSS measurement gap/timer is missing.
The network may trigger the aperiodical network triggered GNSS measurement when the network detects that the timing error and/or frequency error are about to exceed a certain limitation. If UE fails to re-acquire the GNSS position fix during the GNSS measurement gap, UE probably cannot continuously do UL transmission in the reset time of GNSS measurement gap, even in the reset time of GNSS validity duration. Even if the UL synchronisation can be maintained afterwards, UE cannot be sure about it. It’s best to move to RRC_IDLE upon UE failing to re-acquire the GNSS position fix during the GNSS measurement gap.
If the measurement gap is not configured, after GNSS validity duration + X UE will autonomously trigger GNSS measurement if configured. If UE fails to re-acquire the GNSS position fix during the GNSS measurement timer, the UL synchronisation can also not be maintained. It’s best to move to RRC_IDLE upon UE failing to re-acquire the GNSS position fix during the GNSS measurement gap.
Proposal 3: Upon UE failing to re-acquire the GNSS position fix during the GNSS measurement gap/timer, UE moves to RRC_IDLE.
There is only one reserved UL LCID available. If it is occupied for GNSS validity duration report MAC CE, the eLICD can be used next time a new UL MAC CE is introduced. Or the current LCID which would never be used for NB-IoT/eMTC can be reinterpreted and used. Since there is no barrier to introduce a new UL MAC CE in the future, we can use the last reserved LCID to keep the solution simpler.
Proposal 4: A reserved UL LCID will be used for GNSS validity duration report MAC CE (in UL).
The network-triggered measurement gap length is configured together with the network trigger in the GNSS measurement command MAC CE. However, the UE-autonomous measurement gap length is configured via the MAC CE, the enabling of the UE autonomous trigger is configured via RRC signalling. It is possible that the UE-autonomous measurement is enabled but the gap length is not configured. In this case, to save on overhead, UE can use the reported GNSS position fix time duration as a default.
Proposal 5: If UE-autonomous GNSS measurement is enabled, but the measurement gap length is not configured via MAC CE, UE uses the reported GNSS position fix time duration as the default GNSS measurement gap length. 
Whether to suspend T317, T318 during measurement gap/timer is not agreed in RAN2. The T317 should not be suspended during the measurement gap/timer as the satellite assistance information does not stop degeneration during the GNSS measurement. The T318 should be suspended during the GNSS measurement gap/timer as UE cannot acquire SIB and perform GNSS measurement simultaneously. 
But if  T317 expires when UE is performing the GNSS measurement, as UE cannot acquire SIB31, UE should also not start T318. Once the GNSS measurement is complete, UE can start to acquire the SIB31 and start T318 even in the GNSS measurement gap/timer. 
Proposal 6: The timer T318 is suspended during the GNSS measurement gap/timer.
Proposal 7: The timer T318 is started after GNSS position fix if the T317 expires during the GNSS measurement gap/timer.
3 Conclusions
Proposal 1: Revise the RAN2 agreement as: GNSS Duration Report MAC CE will not trigger SR; instead CBRA can be used (up to UE implementation).
Proposal 2: If GNSS measurement gap/timer is not configured and duration X is enabled, UE considers the GNSS position as outdated after X + GNSS validity duration and moves to RRC_IDLE.
Proposal 3: Upon UE failing to re-acquire the GNSS position fix during the GNSS measurement gap/timer, UE moves to RRC_IDLE.
Proposal 4: A reserved UL LCID will be used for GNSS validity duration report MAC CE (in UL).
Proposal 5: If UE-autonomous GNSS measurement is enabled, but the measurement gap length is not configured via MAC CE, UE uses the reported GNSS position fix time duration as the default GNSS measurement gap length. 
Proposal 6: The timer T318 is suspended during the GNSS measurement gap/timer.
Proposal 7: The timer T318 is started after GNSS position fix if the T317 expires during the GNSS measurement gap/timer.
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