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Introduction
The Release-18 IoT NTN enhancement work item was approved in RAN #94e meeting [1] and updated in RAN #96e meeting [2].
One of the RAN1 objectives is to study and specify, if needed, improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. 
The following agreements were reached in RAN1#112bis meeting [3].

	Agreement
For the GNSS measurement gap aperiodically triggered with MAC CE, the duration for the GNSS measurement gap can be configured by eNB.
· The gap duration is equal to the latest reported GNSS position fix time duration for measurement when the duration for GNSS measurement gap is not included in the configuration by eNB.

Conclusion
From RAN1 perspective, UE is not forbidden to autonomously re-acquire GNSS position fix during inactive state of Connected DRX.
· Note: The configured DL/UL transmissions during inactive state of Connected DRX should not be impacted
· Note: details are up to RAN2
Send an LS to RAN2 for the conclusion.

Agreement
Draft LS in R1-2304125 is endorsed. Final LS in R1-2304126.

Agreement
On when the aperiodic GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, the start time should be at n+ X, where n is the end of MAC CE receiving subframe/slot
· FFS: details of X, e.g. predefined value or configured value, considering HARQ feedback for the MAC CE, etc

[bookmark: _Hlk133492826]Agreement
UE reports one GNSS position fix time duration for GNSS measurement via a N-bit field at least including [1,2] seconds as component values.
· FFS: value of N, other component value(s) of GNSS position fix time duration (e.g. N=3, with value in [3,7,13,19,25, X] seconds, and X is FFS).
FFS: whether RAN4 input is needed.




In this contribution, we provide our views on improved GNSS operations for a new position fix.
Discussion
In RAN1#112 meeting, the following agreements were reached to study further validity duration extension. 
	Agreement [4]
At least for the case when frequency error is within frequency error requirements, study the mechanisms and conditions to allow UL transmission after original GNSS validity duration expires without GNSS re-acquisition for some duration.
· FFS: with legacy closed loop time correction or enhanced closed loop time correction
· This mechanism is enabled/configured by eNB
· FFS: whether such mechanism will be specified depends on the outcome of this study


In last RAN1 meeting, the majority of companies believed GNSS validity duration extension is beneficial to save the UE power, as it could reduce the number of GNSS measurements. As a matter of fact, the achievable gain of GNSS validity duration extension is only available when time and frequency errors are within the error requirements, only eNB has the knowledge of whether UL reception is within frequency and timing error requirements. Therefore, after the GNSS validity duration expires, UE should only be allowed to continue the transmission after the eNB indication.  The time period for continuing UL transmission should be indicated by eNB dynamically.     
Proposal 1: eNB indicates the time period dynamically to continue the UL transmission after GNSS validity duration expires.
For GNSS measurement gap starting time, it was agreed that the starting time should be at n+X.   
	Agreement
On when the aperiodic GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, the start time should be at n+ X, where n is the end of MAC CE receiving subframe/slot
· FFS: details of X, e.g. predefined value or configured value, considering HARQ feedback for the MAC CE, etc


To align the eNB and UE GNSS measurement gap starting time, the HARQ-ACK feedback corresponding to DL MAC CE should be considered for the value X. In this case, at least one DL HARQ can’t be disabled. Otherwise, eNB would not know whether UE missed the DL MAC CE or DTX. For DL HARQ feedback for IoT NTN, upon detection of a NPDSCH transmission ending in NB-IoT subframe n intended for the UE and for which an HARQ ACK/NACK shall be provided, the UE shall start HARQ ACK/NACK after the end of  DL subframe for FDD. 
For NR NTN, the UE action and assumption on the downlink MAC CE configuration is applied starting from the first slot that is after slot , where PUCCH with HARQ-ACK information is transmitted in slot n. Following the same logic as NR NTN, the MAC CE activation timing on GNSS measurement can be started after ms.   
Proposal 2: For aperiodic triggered GNSS measurement, the DL HARQ with MAC CE activating GNSS position fix can not be disabled. 
Proposal 3: For aperiodic triggered GNSS measurement, UE performs the GNSS measurement after ms, where n is the ending DL subframe where the MAC CE is received. 
One open issue after the last RAN1 meeting is how to inform eNB the success of GNSS measurement at UE side after GNSS measurements. Two alternatives were discussed.
· Alt-1: The UE will report the new GNSS validity duration 
With this Alternative, after successful GNSS measurement, UE would request the UL resource for sending validity duration report, e.g., additional RACH procedure or sending SR. More resources are used just for new GNSS validity duration seems not efficient. In addition, the expected UE and eNB behavior is not clear. What is the exact time for UE sending the GNSS validity duration? Immediately after the measurement gap or with the delay. What is eNB behavior before eNB receives the GNSS report? eNB could not schedule the UL and DL data in the period of not receiving the report? In short, this alternative puts more restrictions on UE behavior and eNB scheduling. It’s enough that GNSS report is piggybacked on PUSCH when UE considers it’s necessary.     
· Alt-2: The reception of any UL transmission from the UE at eNB after the GNSS measurement
Alt 2 is more flexible than Alt 1. After the GNSS measurement gap, if any UL transmission is received by eNB, it means the GNSS fix is still valid for the UE. If the GNSS measurement failed but the validity duration is not expired, UE could send the remaining validity duration to network, eNB triggers a new GNSS measurement.    
Proposal 4: eNB notices the success of GNSS measurement at UE side via the reception of any UL transmission from the UE.
Another issue is how UE performs GNSS measurement without receiving eNB triggering signalling. Timer-based periodic GNSS measurement can be considered. Depending on the UE reported GNSS position fix time duration for measurement and GNSS validation duration, eNB determines the starting time of aperiodic GNSS measurement, then triggers the GNSS measurement. In case the UE reported GNSS measurement assistance information is the same as the last report, or no assistance information is reported, eNB doesn’t need to trigger the aperiodic GNSS measurement, UE could perform the measurement according to the configured periodic GNSS measurement timer. If the aperiodic GNSS measurement is triggered by eNB before the periodic GNSS measurement timer is expired, UE performs the measurement according to the triggering signaling, at the same time periodic GNSS measurement timer is restarted from the starting point of the measurement gap. In this case, there is no additional UE power consumption for periodic measurement, and the signaling overhead is saved. An example of periodic GNSS measurement timer configuration is shown in Figure1.
[image: ]

Figure1: example of periodic GNSS measurement timer

Proposal 5: RAN1 considers supporting periodic GNSS measurement timer for UE to re-acquire GNSS position for long connection times
· if UE does not receive eNB triggered GNSS measurement until the periodic GNSS measurement timer is expired, UE performs GNSS measurement periodically
· Otherwise, periodic GNSS measurement timer is restarted from the starting subframe of the measurement gap according to eNB triggering singalling
The timer of periodic GNSS measurement is determined based on UE reported validation duration according to UE moving velocity and/or satellite assistance information. The measurement gap is based on the reported for warm fix or cold fix. These two parameters could be updated during the long RRC connection. As the aperiodic GNSS measurement is triggered via the MAC CE, the periodic GNSS measurement timer information could be carried in MAC CE as well to adapt GNSS measurement gap and GNSS measurement timer changing. In this way, aperiodic GNSS measurement and periodic GNSS measurement are triggered together, aperiodic measurement can be considered as the first measurement of periodic GNSS measurement. In another word, every aperiodic GNSS measurement triggering could update the measurement gap and/or the timer of periodic GNSS measurement. 
Proposal 6: For timer-based periodic GNSS measurement, GNSS measurement gap and GNSS measurement periodicity are configured via aperiodic GNSS measurement triggering MAC CE.

Conclusion
In this contribution, we provided our views on improved GNSS operations for IoT NTN. Our proposals are as follows:
Proposal 1: eNB indicates the time period dynamically to continue the UL transmission after GNSS validity duration expires.
Proposal 2: For aperiodic triggered GNSS measurement, the DL HARQ with MAC CE activating GNSS position fix can not be disabled. 
Proposal 3: For aperiodic triggered GNSS measurement, UE performs the GNSS measurement after ms, where n is the ending DL subframe where the MAC CE is received. 
Proposal 4: eNB notices the success of GNSS measurement at UE side via the reception of any UL transmission from the UE.
Proposal 5: RAN1 considers supporting periodic GNSS measurement timer for UE to re-acquire GNSS position for long connection times
· if UE does not receive eNB triggered GNSS measurement until the periodic GNSS measurement timer is expired, UE performs GNSS measurement periodically
· Otherwise, periodic GNSS measurement timer is restarted from the starting subframe of the measurement gap according to eNB triggering singalling
Proposal 6: For timer-based periodic GNSS measurement, GNSS measurement gap and GNSS measurement periodicity are configured via aperiodic GNSS measurement triggering MAC CE.
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