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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 #110bis-e meeting. 
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.

In this contribution, we further analyze relevant issues for GNSS position fix improvement and provide our views on these issues.
Discussion
0. Close-loop frequency compensation
In the past meetings, some companies proposed to introduce the frequency compensation for IoT UE to reduce the impact of GNSS position fix. In this WI, the main scenario to be considered is that GNSS position has not been updated timely. Obviously, frequency error impact due to GNSS position change is far less than that of TA error. When UE position is not accuate, 10km error will cause 200hz frequency error in the assumption of 1200km LEO and 2Ghz band. But this error is one accumulated error because 10km postion movement will cost much time for low speee UE. Another issue is UE movement. For 120km/h UE, the doppler shift will reach 200hz at most. When two kinds of frequency errors combine, the performance degration by the frequency error should be considered. 
[bookmark: _GoBack]For NTN case, there are two methods for frequency error estimation. One is the ephemeris infromation based, and second is the reference signal based. Normally, the DL residual frequency error after the compensation based on ephemeris information can be estimated by the DL reference signal. Subsequently, the UL freqeuncy error can be achieved by the DL frequency error transforming. UE is required to carry out UL pre-compensation based on DL frequency tracking. Hence, if UE is able to compensate UL frequency error based on DL estimation, close-loop frequency error is not necessary. 
Obseravation 1: In low speed UE, frequency error is not significant in IoT NTN case.
Observation 2: If UL frequency error can be compensated based on DL frequency tracking, the close-loop frequency compensation is not needed.
Proposal 1: Further evaluate the necessity of close-loop frequency compensation for GNSS information expired case.
0. GNSS measurement triggering 
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.
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, 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. Additionly, network may possibly ignore the UE demand since network has not instant traffic information from the UE side. 
Based on above analysis, UE triggering and network triggering are both needed. Since network trigger has been agreed at the last meeting, UE triggering is one complementary solution when network triggering is not avaliable. 
Proposal 2: Support UE initiatating a GNSS measurement with one request command when network triggering is not available.  

0. UE behaviors after GNSS measurement  
As discussed above sections, if a long connection or a new GNSS measurement is needed for an UE, the UE can perform GNSS measurement without leave RRC_CONNECTED, when the existing GNSS become out-of-date. The network will also not leave the UE RRC_CONNECTED, when the existing GNSS of the UE become out-of-date.
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 the UE has not received the DL signals for long time. 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.
Proposal 3: UE should send the UL PRACH signal to indicate network when the GNSS measurement is completed.
    
Conclusion
In this contribution, we analzyed potential issues of reacquiring GNSS position fix, and some proposals are made as the follows:
Obseravation 1: In low speed UE, frequency error is not significant in IoT NTN case.
Observation 2: If UL frequency error can be compensated based on DL frequency tracking, the close-loop frequency compensation is not needed.

Proposal 1: Further evaluate the necessity of close-loop frequency compensation for GNSS information expired case. 
Proposal 2: Support UE initiatating a GNSS measurement with one request command when network triggering is not available.   
Proposal 3: UE should send the UL PRACH signal to indicate network when the GNSS measurement is completed.
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