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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For GNSS operation improvement for IoT NTN, there were some agreements on GNSS validity and GNSS measurement in RAN1 #112 meeting. 
Agreement
The following alternatives can be considered to inform eNB the success of GNSS measurement at UE side after GNSS measurement in RRC connected.
· Alt-1: The UE will report the new GNSS validity duration 
· Alt-2: The reception of any UL transmission from the UE at eNB after the GNSS measurement
Agreement
On the length of GNSS measurement gap, which is aperiodically triggered by eNB, the gap duration should be equal to or larger than the latest UE reported GNSS position fix time duration.
FFS: whether the gap duration is configured by eNB, or the gap duration is equal to the latest reported GNSS position fix time duration.
Agreement
On when the GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, RAN1 can down select one of the following alternatives:
· Alt 1: 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
· Alt 2: the start time should be based on the current GNSS validity duration with delay or without delay
Agreement
UE reports only one GNSS position fix time duration for GNSS measurement at least when moving to RRC connected state.
Agreement
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 this contribution, we further analyze relevant issues for GNSS measurement improvement and provide our views on these issues.
Discussion
0. GNSS measurement triggering and configuration
Regarding how to trigger the GNSS measurement, it can be either UE triggering or network triggering. For UE triggering, the rational is that UE has good information for UL traffic and UE is able to make right decision. If NodeB has not any actions when the GNSS position fix is to be out of date, UE can send one request to the network before performing GNSS measuement. Simultaneously, the measurement duration can be reported. Then it can save the interaction time between UE and network. After UE request, nodeB can trigger UE to do the GNSS measurement.
Proposal 1: Support UE initiatating a GNSS measurement with one request command when network triggering is not available. 
For network triggering, the pros is that network can control UE behavior and facilitate DL transmission. When the network obtains the GNSS valid duration of UE, the network is able to know when the GNSS position information is to be expired and send one triggering indication to the UE. In this case, network should monitor the GNSS position status always, and actually it increases the network burden. Regarding the signaling design, a MAC CE may be enough to enable UE to make GNSS measurement, since RRC signalling is a bit slowy, but DCI based triggering will cause larger specification impact. For GNSS measurement gap, it is up to UE capability, so it shouldn’t be configured by the gNB. A simple way is to define a miminum gap for all UEs, then network is responsible to trigger UE to make measurement, but not indicate the measurement gap. After measurement complete, network will monitor the UE indication to recover the data transmission.      
Proposal 2: Network informs the UE to make the GNSS measurement without explicit gap indidcation.
Proposal 3: One minimum measurment gap can be specified based on UE capability.  
Once UE receives the measurement indication, the starting time may have two options based on last meeting discussion. Since the GNSS validity duration is one effective timer to help UE and network to determine when the GNSS position is expired, UE should follow GNSS validity duration guidance, not following eNB indication to perform GNSS measurement immediately. Using this method, it can maximize the duration of data transmission. It is not preferred to stopping the data transmission by early    
Proposal 4: Start time of GNSS measurement should be based on GNSS validity duration without delay. 
0. Indication of GNSS measurement success
In last meeting, regarding the indication of GNSS measurement, there are two candidates, one is report the GNSS validity duration, and another is using dedicated UL signal to indicate successful GNSS measurement. For the first option, it is not workable in some cases. If the validity duration of new GNSS position fix is same as the old duration, UE is not required to report the new GNSS validity duration. Moreover, if UE has lost UL synchronization, it is impossible to report the GNSS validity duration.
When UE has finished the GNSS measurement, e.g. during or after the measurement window, UE should firstly get the DL synchronization or reference signal to recover the DL signaling, because if the UE has not received the DL signals for long time, UE will be in out of sync. And consequently UE may send PRACH signal to network for UL synchronization refinement, and inform the network the completion of GNSS measurement. The whole procedure is more like as the UL out-of-synchronization. One dedicated PRACH resource can be configured to the UE for UL re-synchronization and the completion indication of GNSS measurement.
Observation 1: UE is not necessary to report the new GNSS validity duration if it is same as old GNSS validity duration. 
Proposal 5: UE should send UL PRACH signal to indicate network when the GNSS measurement is successful.

0. GNSS measurement by the UE autonomously 
When gNB sends the aperiodic command to UE, UE will make GNSS measurement consequently. In normal case, this triggering is always present, but if UE has not received this command, there are two cases, where the first case is that UE missed the gNB command, and the second case is that gNB really doesn’t send the command. In the second case, UE autonomously making GNSS measurement is not needed and gNB should allow UE enter IDLE mode directly. For the first case, if the GNSS validation duration is ending, gNB can be aware of UE action based on prior GNSS validation information. Hence, even if UE goes to GNSS measurement autonomously, additional timing control is not needed. 
Regarding the autonomous measurement as one fallback mechanism, basically it should be restricted. Since aperiodical triggering is agreed, it means gNB can control UE behaviors. If allowing UE to do GNSS measurement autonomously, it provides one hint that UE can do GNSS measurement by itself judgement, unless gNB has additional stopping indication. In this sense, even if UE performs the GNSS measurement, gNB may assume UE has entered RRC-IDLE mode and release UE RRC connection. 
Proposal 6: UE shouldn’t perform GNSS measurement autonomously if gNB has not sent the GNSS triggering indication, in which case gNB will assume UE will enter RRC-IDLE mode.

0. Extension of RRC connection duration 
There were some discussions on the extension of RRC connection duration, which is used to allow UL transmission after original GNSS validity expires without GNSS re-acquisition. However, it depends on how to define the validity. If UE is aware of its moving speed, UE can acquire accurate validity duration. Then UE can report accurate validity duration to network. In this case, it seems unnecessary to have another extension for RRC connection duration for IoT UE. Regarding close-loop time correction, current TAC mechanism has already been supported, hence, UE should consider its benefit of close-loop TA compensation. Overall, we don’t understand the benefit to extend RRC connection for UE without new GNSS position fix, and the use case is also not clear. 
Proposal 7: It is not necessary to support UL transmission after original GNSS validity duration expires without GNSS re-acquisition

Conclusion
In this contribution, we analzyed potential issues of reacquiring GNSS position fix, and some proposals are made as the follows:
Observation 1: UE is not necessary to report the new GNSS validity duration if it is same as old GNSS validity duration.  

Proposal 1: Support UE initiatating a GNSS measurement with one request command when network triggering is not available.  
Proposal 2: Network informs the UE to make the GNSS measurement without explicit gap indidcation.
Proposal 3: One minimum measurment gap can be specified based on UE capability.  
Proposal 4: Start time of GNSS measurement should be based on GNSS validity duration without delay.
Proposal 5: UE should send UL PRACH signal to indicate network when the GNSS measurement is successful.
Proposal 6: UE shouldn’t perform GNSS measurement autonomously if gNB has not sent the GNSS triggering indication, in which case gNB will assume UE will enter RRC-IDLE mode.
Proposal 7: It is not necessary to support UL transmission after original GNSS validity duration expires without GNSS re-acquisition
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