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In RAN #95e meeting, a new WI for study on IoT NTN enhancements was approved [1]. The objectives of the study include:
This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	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. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.
In this contribution, we discuss our considerations on GNSS operation enhancements.
Discussion
In the previous meetings, the group has identified several issues and in this document we provide our views on them. 
Agreement
Support eNB to at least aperiodically trigger UE to make GNSS measurement.
Agreement
If eNB aperiodically triggers UE to make GNSS measurement, a MAC CE is used.
Agreement
UE reports GNSS position fix time duration for measurement at least during the initial access stage
· which message carries this information is up to RAN2 
Agreement
In connected mode, UE may report GNSS validation duration with MAC CE.
Agreement
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 

GNSS measurement gap determination
In last RAN1#110b meeting we have agreed to let eNB to trigger UE to perform GNSS measurement via MAC-CE. It is naturally to further discuss how to determine the GNSS measuremnt gap. When the trigger signal is designed with MAC-CE, it is reasonable to consider the MAC-CE activation time for measurement gap starting time. In practice, it would be highly possibly that when UE receives the trigger signal, its GNSS validity duration is expired and the eNB firstly tried to maintain the UL synchronization by closed-loop sync adjustment and if it fails the eNB would trigger UE to perform GNSS measurement. Thus, the UE should start to perform the GNSS measurement as soon as possible after receiving the trigger signal. In this case we suggest taking the UL MAC-CE activation time to determine the measurement gap starting time. 
Proposal 1: UL MAC-CE activation time is used to determine the GNSS measurement gap starting location.  
GNSS measurement procedure
In the previous two meetings, RAN1 has agreed that the UE should be allowed to perform GNSS measurement by itself. In principle, the UE still needs to listen to the eNB’s order as the network has more accurate knowledge about whether the UE uplink synchronization is working well. But in some cases the UE does not receive the network’s indication for GNSS measurement and the GNSS validity duration is expired, the UE should autonomously decide to perform GNSS measurement. 
Regarding the procedure, UE expects the network to trigger GNSS measurement only within the GNSS validity duration. If the UE receives a trigger signal from the eNB within the GNSS validity duration, the UE will re-acquire the GNSS in a gap.  After the gap duration ends, if the UE does not complete the GNSS acquisition within the gap, the UE will go to idle mode. Otherwise, the UE re-initiate the GNSS validity duration and resumes in-sync phase as shown in Fig. 1.
[image: ]
Fig. 1: UE GNSS re-acquisition procedure when UE receives a triggering from eNB
[image: ]
Fig. 2: UE autonoumous GNSS re-acquisition procedure
On the other hand, when the GNSS validity timer expires and the UE still does not get the trigger signal from the network to re-acquire the GNSS, the UE can autonomously perform the GNSS measurement without having to wait for eNB’s triggering. Since the GNSS validity duration is controlled by the network, even the UE reports a recommended validity duration the network can still make a more optimistic or conservative decision on the eventual configured GNSS duration. For example, when the network deems that the closed-loop synchornization adjustment can still maintain a satisfactory synchornization outside the UE recommended GNSS duration, the network can make the configured GNSS duration longer. With this, the network has the full flexibility during the GNSS validity duration to either adjut the UE uplink synchornization or trigger UE to perform GNSS measurement. While, after the GNSS validity timer expires, the UE should perform GNSS measurement autonomously.  On the other hand,  after UE starts to perform GNSS measurement, if UE does not complete the GNSS measurement within a measurement duration as shown in Fig. 2, the UE should go to idle to have an aligned UE behavoir with R17. 
Proposal 2: UE expects the GNSS re-acquisition triggering from eNB within the GNSS validity duraiton.
Proposal 3: UE shall autonomously performs GNSS acquisition if the UE does not receive GNSS re-aquisition triggering until the end of the GNSS validity duration.
Proposal 4: UE goes to idle if the GNSS acquisition fails within the measurement gap. 
On the other hand, it should be discussed whether the UE needs to perform a RACH procedure to adjust the TA after accomplishing the GNSS measurement and also informs the eNB that the UE returns to eMTC/NB-IOT operation. Alternatively, the eNB could be in charge of handling this issue, as the eNB knows the measurement gap, it can start to schedule the UE to report assistance information. However, the potential issue is that the eNB does not know apriori wehther the UE has accomplished the measurement. For example, if the UE is not able to update the GNSS data within the measurement gap, the UE cannot transmit the assitance information. Thus, as the eNB does not know this, what it can do is a blind scheduling, leading to a waste of resources, which further reduces the system spectral efficiency. 
Proposal 5: UE needs to perform RACH procedure after accomplishing the GNSS measurement to inform the eNB that the measurement is accomplished. 
Conclusion
This contribution discusses our considerations on GNSS operation enhancements and provides the following observations and proposals.
Proposal 1: UL MAC-CE activation time is used to determine the GNSS measurement gap starting location.  
Proposal 2: UE expects the GNSS re-acquisition triggering from eNB within the GNSS validity duraiton.
Proposal 3: UE shall autonomously performs GNSS acquisition if the UE does not receive GNSS re-aquisition triggering until the end of the GNSS validity duration.
Proposal 4: UE goes to idle if the GNSS acquisition fails within the measurement gap. 
Proposal 5: UE needs to perform RACH procedure after accomplishing the GNSS measurement to inform the eNB that the measurement is accomplished. 
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