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[bookmark: _Ref18181]Introduction
In RAN1#114bis [1], the solution design of improved GNSS operation for IoT-NTN is completed except some remaining FFS issues. In this contribution, the remaining issues of improved GNSS operation are discussed.
Discussion
1.1 UL transmission after original GNSS validity duration expires 

For UL transmission after original GNSS validity duration expires, the basic solution to determine the duration X has been agreed. However, there are still remaining issue to be discussed, e.g., whether GNSS position before duration X can be used to calculate .
	Second Round Proposal 1-1:
[bookmark: _Hlk149664326]From RAN1 perspective, the GNSS position fix obtained before duration X is triggered, can be utilized for calculating for uplink transmission within duration X.
Note: RAN2 can further discuss on whether X can be used to extend the original GNSS validity duration, if needed.
Second Round Proposal 1-2:
From RAN1 perspective, whether following correction is needed in NTN-IoT R18:
Within duration X for (N)PRACH transmission, UE updates the  as   to correct the accumulated timing error and resets 


When the GNSS validity duration is expired, although the GNSS position fix is no longer accurate enough, it can still be used to provide the coarse reference for UE-specific TA calculation. Meanwhile, it should be noticed that the closed loop mechanism including the accumulated TA value by TAC is still based on the previous pre-compensated TA according to the location information. 
Additionally, it is worth noting that, the satellite mobility is generally much higher than UE mobility. If a fixed UE specific TA is applied within the duration D, the closed loop TA adjustment need to mitigate the TA variation caused by both satellite mobility and UE mobility. Massive closed loop TA commands may be needed to keep UL synchronization. While if the old GNSS position fix is applied to estimate the UE specific TA with degraded accuracy, the satellite mobility can be handled to some degree, and closed loop TA adjustment will mainly mitigate the TA variation caused by UE mobility. The required signaling overhead of closed loop TA command will be significantly reduced. 
Therefore, the GNSS position obtained before duration X, can still be used to calculate  for uplink transmission within duration X. And the duration X can be interpreted as the extension of GNSS validity duration, which can be either specified in RAN1 or RAN2 spec.
Proposal 1: From RAN1 perspective, the GNSS position obtained before duration X, can be utilized for calculating  for uplink transmission within duration X. 
[bookmark: _GoBack]Moreover, NPRACH enhancement within duration X is not needed. The motivation to enhance NPRACH within duration X is to allow UE to send SR via PRACH. However, the introduction of duration X is mainly to extend UL transmission duration after GNSS expiration if UE does not finish its UL transmission, which avoids additional access procedures. If UE has nothing to transmit, it is preferred to let UE go back to IDLE instead of keep in connected mode, since large number of closed loop TA corrections are needed to maintain the UL synchronization. In this case, using PRACH to send SR within duration X is not necessary. Therefore, the enhancement on NPRACH is not needed especially in maintenance phase.
Proposal 2: Enhancement for (N)PRACH transmission within duration X is not needed.
1.2 Autonomously GNSS measurement timer
At the RAN1#114bis, whether a eNB trigger to make GNSS measurement will prohibit the autonomous GNSS reacquisition for whole connection was discussed. The following proposal was provided but no agreement achieved
	Second Round Proposal 3:
The UE may re-acquire GNSS autonomously (when configured by the network) in the GNSS measurement timer, if UE does not receive eNB trigger to make GNSS measurement within duration T, where T starts at the point where latest remaining GNSS validity duration is reported to the end of UL transmission extension duration expires (if applied). 


In our view, the agreement below is to specify UE behavior for a single instance of GNSS reacquisition. The eNB trigger before previous successful GNSS reacquisition should not impact the following autonomous GNSS reacquisition as illustrated by Figure 3-1 in FL summary [1]. Since it is maintenance phase now, it is preferred to simply achieve an conclusion to clarify that eNB trigger to make GNSS measurement does not impact the autonomous GNSS reacquisition after the GNSS measurement gap.
	Agreement (RAN1 111)
For GNSS measurement in RRC connected, if eNB aperiodically triggers connected UE to make GNSS measurement, UE can re-acquire GNSS position fix with a gap
· FFS details of gap configuration
The UE may re-acquire GNSS autonomously (when configured by the network) if UE does not receive eNB trigger to make GNSS measurement
· FFS based on configured timing 


[image: ]
[bookmark: _Ref149669351]Figure 3-1 [1]
Proposal 3: eNB trigger to make GNSS measurement does not impact the autonomous GNSS reacquisition after the GNSS measurement gap. 

Conclusion
In this contribution, analysis on improved GNSS operation for IoT-NTN is conducted with following proposals and observations:
Proposal 1: From RAN1 perspective, the GNSS position fix obtained before duration X is triggered, can be utilized for calculating  for uplink transmission within duration X. RAN2 further discuss whether X is used to extend the original GNSS validity duration.
Proposal 2: Enhancement for (N)PRACH transmission within duration X is not needed.
Proposal 3: eNB trigger to make GNSS measurement does not impact the autonomous GNSS reacquisition after the GNSS measurement gap. 
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