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Introduction
For IoT-NTN Performance Enhancements in Rel-18, RAN1 studied and made many agreements on the improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. 
In the contribution, we discussed the remaining issues on improved GNSS operations for IoT NTN based on unsolved proposals from RAN1 #112bis-e [1][2].
GNSS validity duration extension and potential enhancements
The GNSS validity duration extension was discussed in RAN1 #112bis-e with the following feature lead (FL) recommendation [1]. 
	FL recommendation 1-2:
Companies are encouraged to evaluate on whether the duration is GNSS validity duration extension, or one value/timer configured by network, then further encouraged to down select:
· Alt 1: the duration is based on remaining timeAlignmentTimer 
· Alt 2: the duration is one value/timer configured by network
Note: Frequency error is within frequency error requirements.



Alt 2 does not provide any additional information. If extension is really desirable, the additional time should be included in the GNSS validity duration and configured at the first place.
[bookmark: _Hlk132791355]For Alt 1, the timeAlignmentTimer (TAT) is an uplink alignment timer for the associated TAG. When frequency error is within frequency error requirements and TAT is not expired, the TA is assumed to be aligned, and UL transmission can be allowed even after original GNSS validity duration expires without GNSS re-acquisition. Thus, for GNSS validity duration extension, we support Alt 1. based on TAT.
Since an autonomous GNSS measurement should be performed after the GNSS validity timer expires. The RRC status of the UE should then by determined based on the success or failure of the GNSS measurement, as discussed in later open issues. 
Proposal 1: When frequency error is within frequency error requirements and timeAlignmentTimer is not expired, the GNSS validity duration, if expires, can be extended based on the remaining TAT.
Autonomously GNSS measurement based on configured timing 
	FL recommendation 3-1:
Companies are encouraged to evaluate the following procedure and further down select one of the alternatives: 
For autonomous GNSS re-acquisition, the UE may re-acquire GNSS autonomously during GNSS measurement timer, down select one of alternatives for the length of GNSS measurement timer:
· Alt-1: the length of GNSS measurement timer for autonomous GNSS re-acquisition is configured by network 
· Note: the length of GNSS measurement timer is equal to the latest reported GNSS position fix time duration for measurement when the length of GNSS measurement timer is not configured.
· Alt-2: the length of GNSS measurement timer is equal to the latest UE reported GNSS position fix time duration.
FFS: start time of the autonomous GNSS measurement timer, e.g. whether the start time is based on GNSS validity duration and/or other fixed value configured by network
Note: The autonomous GNSS re-acquisition with GNSS measurement timer is configured by network.


The above proposals were discussed in the GTW session and on RAN1 reflector without consensus[1]. Since the device would measure different GNSS satellites with different positions for each measurement, the latest UE reported GNSS position fix time duration provides useful observations but not a guaranteed time for GNSS measurement. 
Therefore, we slightly prefer Alt-1 with a configured length of GNSS measurement timer for autonomous GNSS re-acquisition for better network control. For measurement reliability, the configured length should be based on conservative estimations, e.g. equal to or larger than the worst reported GNSS position fix time durations. The start time of the autonomous GNSS measurement timer should be based on the current GNSS validity duration with a delay. The value of the delay can be fixed based on UE category or can be configured by the network.
Proposal 2: For autonomous GNSS re-acquisition, the UE may re-acquire GNSS autonomously during GNSS measurement timer, 
· The length of GNSS measurement timer for autonomous GNSS re-acquisition is configured by network.
· The start time of the autonomous GNSS measurement timer is based on GNSS validity duration with a delay.
GNSS assistance information
The following agreement was made during email discussion on the GNSS assistance information[2].
	Third Round Proposal 4-1c:
UE reports one GNSS position fix time duration for GNSS measurement via a N-bit field at least including with [1,2] seconds as candidate component values.
1. FFS: value of N,  other component value(s) of candidate GNSS position fix time duration (e.g. N=3, with value in [1,2,3,7,13,19,25, X] seconds, and X is FFS).
FFS: whether RAN4 input is needed.


The GNSS validation duration has a value range of {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity}. For the GNSS assistance information, UE reports to eNB at least a GNSS position fix time duration for measurement and GNSS validity duration. 
UE reports only one GNSS position fix time duration for GNSS measurement at least when moving to RRC connected state. The N=3 is a good candidate. We are flexible on the last value X, and will be fine with a reasonable large value, e.g. based on inputs from companies with GNSS receiver chipsets.
Proposal 3: UE reports one GNSS position fix time duration for GNSS measurement via a 3-bit field, indicating the index in the set of [1,2,3,7,13,19,25,X] seconds.
Success/failure of GNSS measurement
The proposal 6-1 has been discussed in the GTW session and on RAN1 reflector without consensus [1].
	Third Round Proposal 6-1:
UE goes to IDLE mode if UE failed to re-acquire GNSS position fix after configured timing/timer for autonomous GNSS reacquisition and after current GNSS validity duration expired in RRC_CONNECTED mode.


We support the FL proposal on the failure of re-acquire GNSS position fix. The device should enter IDLE mode if it failure to get a valid GNSS measurement since the TA pre-compensation cannot be performed properly.
In addition, we do not think it is necessary to report the new GNSS validity duration every time after accomplishing the GNSS measurement in RRC_CONNECTED mode. The ability of transmitting UL signal by the IoT device indicates that the autonomous GNSS reacquisition is successful.
Proposal 4: UE goes to IDLE mode if UE failed to re-acquire GNSS position fix after configured timing/timer for autonomous GNSS reacquisition and after current GNSS validity duration expired in RRC_CONNECTED mode.
GNSS measurement trigger
The GNSS re-acquisition should be perform only when really needed, e.g. when there is data to be transmitted/receive and the GNSS validity duration expires. The already supported autonomous GNSS re-acquisition and aperiodic GNSS measurement trigger should be sufficient for IoT device operation. 
Additional periodic triggering introduces extra operation overhead, esp. when an IoT device has no other traffic. Therefore, periodically eNB trigger should not be supported.
Proposal 5. Periodically eNB trigger is not supported.
Conclusion
In this contribution, we present our views on the remaining issues on improved GNSS operations for IoT NTN, and we propose the following:
Proposal 1: When frequency error is within frequency error requirements and timeAlignmentTimer is not expired, the GNSS validity duration, if expires, can be extended based on the remaining TAT.
Proposal 2: For autonomous GNSS re-acquisition, the UE may re-acquire GNSS autonomously during GNSS measurement timer, 
· The length of GNSS measurement timer for autonomous GNSS re-acquisition is configured by network.
· The start time of the autonomous GNSS measurement timer is based on GNSS validity duration with a delay.
Proposal 3: UE reports one GNSS position fix time duration for GNSS measurement via a 3-bit field, indicating the index in the set of [1,2,3,7,13,19,25,X] seconds.
Proposal 4: UE goes to IDLE mode if UE failed to re-acquire GNSS position fix after configured timing/timer for autonomous GNSS reacquisition and after current GNSS validity duration expired in RRC_CONNECTED mode.
Proposal 5. Periodically eNB trigger is not supported.
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