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1	Introduction
In last meeting [1], RAN2 discussed the GNSS enhancements for IoT-NTN based on summary of the offline discussion [2] and achieved the following agreements.
Agreements:
1. Confirm the working assumption that GNSS validity duration UE reports is the remaining validity duration.
2. The UE triggers GNSS measurement reporting every time upon completing the GNSS fix operation.
3. When network triggers GNSS measurement initiation is up to network implementation.
4. Add a note to state some AS operations are suspended when UE is performing GNSS measurement during GNSS measurement gap.
5. GNSS fix time duration should be reported in 1) and 2):
	1) RRCConnectionReestablishmentComplete and RRCConnectionReestablishmentComplete-NB 
	2) RRCConnectionReconfigurationComplete for HO case 
	(FFS whether there are some scenarios where this is not needed or whether there has to be some explicit NW indication to do so)
Working Assumptions:
1. 	An UL MAC CE for GNSS validity duration reporting is used for NB-IoT user plane solution and eMTC UE as well, in addition to previously agreed NB-IoT control plane solution
2.	A new DL MAC CE is introduced to trigger connected UE to perform GNSS measurement.
In this contribution, we will discuss the remaining issues on GNSS enhancement for IoT-NTN. 
2 Discussion
2.1 New MAC CE
In RAN1#110bis meeting, RAN1 agreed to support eNB to at least aperiodically trigger UE to make GNSS measurement. And if eNB aperiodically triggers UE to make GNSS measurement, a MAC CE is used. 
	RAN1#110b Agreement
Support eNB to at least aperiodically trigger UE to make GNSS measurement.
If eNB aperiodically triggers UE to make GNSS measurement, a MAC CE is used.


In last meeting, RAN2 had the following working assumption: 
Working Assumptions:
1. 	An UL MAC CE for GNSS validity duration reporting is used for NB-IoT user plane solution and eMTC UE as well, in addition to previously agreed NB-IoT control plane solution
2.	A new DL MAC CE is introduced to trigger connected UE to perform GNSS measurement.
Some companies pointed that the MAC CE solution has security risk issue, e.g. a fake/tampered MAC CE may disrupt or suspend the data transmission of UE. However, there are several MAC CEs from network, such as (long) DRX Command MAC CE, are used to indicate the UE to sleep, in which case the UE cannot receive PDCCH for a period of time. Similarly, using MAC CE to trigger GNSS measurement would make UE unreachable, but the UE would come back once the UE has re-acquired its GNSS location during the GNSS measurement gap. We don’t see any security issue, and the legacy acknowledgement scheme is enough. RAN2 can confirm the working assumptions.
Proposal 1: RAN2 confirms that an UL MAC CE for GNSS validity duration reporting is used for NB-IoT user plane solution and eMTC UE as well, in addition to previously agreed NB-IoT control plane solution.
Proposal 2: RAN2 confirms that a new DL MAC CE is introduced to trigger connected UE to perform GNSS measurement.

2.2 UE autonomously reacquire GNSS during the inactive state of C-DRX
In RAN1#112bis-e meeting, RAN1 discussed GNSS position fix during inactive state of Connected DRX for improved GNSS operations and agreed the following conclusion, and send an LS [3] to RAN2 to take the RAN1 conclusion into account.
	RAN1#112bis-e 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.



In last meeting, RAN2 discussed the impacts from RAN2 perspective, e.g. when to start GNSS measurement in DRX inactive duration, whether the UE immediately initiates the reporting validity duration after GNSS measurement, but there was no consensus on these issues. 
In our understanding, if the duration of inactive state of C-DRX is longer than the GNSS fix time duration for measurement, the UE can perform GNSS measurement automatically, which can ensure accurate GNSS position fix and avoid the interruption for data transmission due to GNSS measurement during the long connection. After the UE completes GNSS measurements, if the duration of inactive state of C-DRX is not expired, we think it is unnecessary to immediately initiate validity duration reporting considering not to change the current C-DRX configuration and the reported validity duration is remaining value. When the UE returns to active state of C-DRX, it can report the new GNSS validity duration to the network.
For the details, e.g. whether/when to start the GNSS measurement can be left to UE implementation. Of course, the UE should ensure that the GNSS measurement is finished before returning into active state to avoid additional impact on data transmission in active state, which can also avoid unnecessary power consumption caused by premature GNSS measurement. 
Proposal 3: Whether/when to start the GNSS measurement during inactive state of C-DRX is left to UE implementation.
Proposal 4: The new GNSS validity duration is reported to the network after the UE enters to active state of C-DRX.

2.3 New GNSS measurement start time
In RAN2#121bis-e meeting, RAN2 agreed that UE can stay in RRC_CONNECTED state when current GNSS position becomes out-of-date if the UE enters a GNSS measurement gap. But FFS whether the new GNSS measurement shall be started before, upon or after the current GNSS validity duration expiry.
For aperiodic GNSS measurement triggered by eNB, we think RAN2 has common understanding that the GNSS measurement can be started before or upon the GNSS validity duration expiry based on eNB’s triggering. However, during the discussion in last meeting, some companies would like to clarify whether GNSS measurement can be started after the GNSS validity duration expires, since there will have a gap between the GNSS validity duration expiry and the start of GNSS measurement gap, and UL sync is lost hence UL transmission should not be performed during the gap. 
In previous meeting, RAN1 has agreed to study the mechanisms and conditions to allow UL transmission after original GNSS validity duration expires without GNSS re-acquisition for some duration, e.g. with legacy closed loop time correction or enhanced closed loop time correction. 
	RAN1#109 Agreement
Closed loop time and frequency correction, with potential enhancements, for IoT-NTN is considered to reduce the need for UE to update GNSS position fix in long connection time 

[bookmark: _GoBack]RAN1#112 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


Based on RAN1’s agreements, although the GNSS validity duration expires, the UE can also preform UL transmission during an extended validity duration based on eNB’s configuration/enabling. Therefore, we think that the GNSS measurement can be started after GNSS validity duration expires if the UE and eNB have common understanding on the extended validity duration. The details can be up to RAN1.
Proposal 5: The new GNSS measurement can be started before, upon or after the current GNSS validity duration expires, based on eNB’s triggering/configuration. 

2.4 Collision between GNSS measurement and SIB
In RAN2#121bis-e meeting, RAN2 achieved the following agreements on collision between GNSS measurement and SIB31. RAN2 also discussed the handling of corresponding timers in last meeting but had no consensus.
Agreements via email – from offline 104 – second round:
1. For a UEs that cannot acquire system information and GNSS position at the same time, acquisition of SIB31 may be postponed until GNSS measurement is completed if the UE cannot complete acquisition of SIB31 before the start of GNSS measurement gap
Per our understanding, if T317 expires during the GNSS measurement gap, the UE should continue to perform GNSS measurement, and acquire SIB31 after completion of the GNSS measurement. Therefore, the starting of T318 should be delayed until GNSS measurement is completed. On the other hand, if the UE receives MAC CE triggering GNSS measurement from eNB during the acquisition of SIB31 (i.e. T318 is running), the UE should also postpone the acquisition of SIB31 until GNSS measurement is completed. Thus, T318 should be suspended or stopped. Considering the UE is unable to continue acquiring SIB31 afterwards, T318 should be stopped. Moreover, due to the limited capability, the same issue exists for acquisition of all SIB messages and GNSS measurement. We prefer to extend RAN2 agreement to cover all SIB messages. 
Proposal 6: For a UE that cannot acquire system information and GNSS position at the same time, acquisition of all SIBs may be postponed until GNSS measurement is completed, if the UE cannot complete acquisition of SIB before the start of GNSS measurement gap.
For the timer handling, we think there is no need to specify UE behaviors for all timers, e.g. when to suspend or stop, when to restart or start. In last meeting, RAN2 agreed to add a note state some AS operations are suspended when UE is performing GNSS measurement during GNSS measurement gap to avoid specifying the actions for each timer. We think a similar note to state the acquisition of all SIBs is suspended is sufficient and can reduce the workload.
RAN2#122 Agreements:
6. Add a note to state some AS operations are suspended when UE is performing GNSS measurement during GNSS measurement gap.
Proposal 7: Add a note to state the acquisition of all SIBs is suspended during GNSS measurement gap, to avoid specifying the actions for each timer. 

3	Conclusion
Here are the observations and proposals for GNSS enhancements for IoT-NTN.
Proposal 1: RAN2 confirms that an UL MAC CE for GNSS validity duration reporting is used for NB-IoT user plane solution and eMTC UE as well, in addition to previously agreed NB-IoT control plane solution.
Proposal 2: RAN2 confirms that a new DL MAC CE is introduced to trigger connected UE to perform GNSS measurement.
Proposal 3: Whether/when to start the GNSS measurement during inactive state of C-DRX is left to UE implementation.
Proposal 4: The new GNSS validity duration is reported to the network after the UE enters to active state of C-DRX.
Proposal 5: The new GNSS measurement can be started before, upon or after the current GNSS validity duration expires, based on eNB’s triggering/configuration. 
Proposal 6: For a UE that cannot acquire system information and GNSS position at the same time, acquisition of SIB may be postponed until GNSS measurement is completed if the UE cannot complete acquisition of SIB before the start of GNSS measurement gap.
Proposal 7: Add a note to state the acquisition of all SIBs is suspended during GNSS measurement gap, to avoid specifying the actions for each timer. 
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