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Introduction
As mentioned in the new WID of IoT NTN enhancements RP-221806 [1], for IoT-NTN Performance Enhancements in Rel-18, some remaining issues from Rel-17 will continue to be discussed in Rel-18. Rel-18 IoT NTN considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome. The GNSS enhancements related objectives is listed below:
-	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 RAN2#119e meeting, this topic has been touched a bit but no agreement has been achieved. In this paper, we will have some discussion on the improved GNSS operations and give our proposals.
Discussion 
[bookmark: OLE_LINK2]In R17 IoT NTN, acquisition of the GNSS position during the short transmission has been specified, that is, UE enters into idle mode when GNSS becomes invalid. For R18 IoT NTN, re-acquisition of the GNSS position during the long transmission needs to be studied. It’s expected that, in connected mode, when GNSS is invalid, UE could reacquire GNSS and then continue the service transmission. 
· UE re-acquires GNSS position fix
In RAN1#109e, this issue has been discussed and the related agreements are as below:
	Agreement
At least the following options can be considered on GNSS measurement in connected for potential enhancements for improved GNSS operations: 
· Option 1: UE re-acquires GNSS position fix during RLF procedure
· Option 2: UE re-acquires GNSS position fix with a new gap
Note: this does not imply that a Rel-18 IoT NTN UE is mandated to support one or both of the options.


From RAN2 perspective, for Option 1, when GNSS is invalid, UE triggers a RLF and re-acquires GNSS position fix during the RRC reestablishment. For Option 2, when GNSS is invalid, UE re-acquires GNSS position fix during a gap that is not scheduled for data transmission. It’s easy to see that Option 2 needs less time to recover link and continue the transmission than that in Option 1. So, we prefer Option2.
For Option 2, UE re-acquires GNSS during a GNSS position fix time duration. And the length of GNSS position fix time duration is determined by the condition/mode for GNSS position fix. For example, for hot start, the time is 1s or 2s, for warm start, the time is several seconds, and for cold start the time is 30s [3]. 
Considering for IoT NTN, simultaneous GNSS and NB-IoT/eMTC operation is not assumed, UE couldn’t monitor the downlink radio link during GNSS position fix time duration. The missing samples in RLM during GNSS position fix time duration may trigger out-of-sync indication from PHY to RRC, and even finally trigger a RLF, especially for cell edge UE. To be specific, if the evaluation period for out-of-sync indication is less than the GNSS position fix time duration, when UE re-acquires GNSS, at least one out-of-sync indication would be initiated. For example, for eMTC UE with DRX cycle 0.04s, if it needs 2s of GNSS position fix time duration, the evaluation period (e.g. 0.8s) is less than GNSS position fix time duration. When UE re-acquires GNSS, many out-of-sync indications would be initiated, and it’s highly possible that RLF would be finally triggered. In such case, to use Option 2 may be worse than the Option 1.
In a summary, in order to avoid the RLF after UE re-acquires GNSS, we prefer that, only if the out-of-sync evaluation period is longer than the GNSS position fix time duration, UE could re-acquire GNSS position fix with a new gap, e.g., within GNSS position fix time duration.
Proposal 1: For R18 IoT NTN, if the out-of-sync evaluation period is longer than the GNSS position fix time duration, UE could re-acquire GNSS position fix within GNSS position fix time duration.

· Network triggered GNSS measurement
In RAN1#110 meeting, RAN1 has discussed the way to trigger reacquisition of GNSS position fix, e.g., UE triggered GNSS measurement or network triggered GNSS measurement, and then an agreement is reached as below:
	Agreement
When eNB triggers UE to make GNSS measurements, UE re-acquires GNSS position fix
· FFS details of signalling
· FFS how UE reports GNSS assistance information after eNB trigger and the detailed content
Note: further discuss whether a UE is expected to handle all eNB triggers


According to RAN1 agreement, only if eNB enables UE to make GNSS measurement, UE could re-acquire GNSS position fix within GNSS position fix time duration. And also based on proposal 1, eNB could make decision on whether to trigger UE to re-acquire GNSS position fix within GNSS position fix time duration, , e.g., via RRC message, based on the comparison of length of out-of-sync evaluation period and the needed GNSS position fix time duration.
Proposal 2: For R18 IoT NTN, eNB could trigger UE to re-acquire GNSS position fix within GNSS position fix time duration via RRC message.

· UE reporting
In R17 IoT NTN, the GNSS remaining time has been introduced and UE needs to report this information to the network in Msg5, to facilitate suitable network operations.
In RAN1#109e, there was also some discussion on the issue of UE reporting additional GNSS assistance information and the related agreements are as below:
	Agreement
UE reports additional GNSS assistance information and further study the detailed GNSS assistance information, including e.g. GNSS position fix measurement time 
· Note: Since RAN1 agreed that GNSS validity duration is reported by UE in Rel-17, it is already included in GNSS assistance information.
Agreement
Further study on whether there is a need for potential enhancements on the following for long connection time
· UE triggered GNSS measurement.
· Network triggered GNSS measurement.


In RAN1#110, this issue was further discussed and the related agreements are as below:
	Agreement
GNSS assistance information that UE reports to eNB at least consists of:
· GNSS position fix time duration for measurement 
· GNSS validity duration 

Agreement
When eNB triggers UE to make GNSS measurements, UE re-acquires GNSS position fix
· FFS details of signalling
· FFS how UE reports GNSS assistance information after eNB trigger and the detailed content
Note: further discuss whether a UE is expected to handle all eNB triggers


Per our understanding, since for IoT NTN, simultaneous GNSS acquisition and NB-IoT/eMTC operation is not supported, eNB needs to exactly know the start time of GNSS re-acquisition and also length of time duration it takes for the UE to re-acquire GNSS position fix in connected mode (e.g., the GNSS position fix time duration for measurement). And then the eNB can stop scheduling for the UE within this time period when UE goes to reacquire GNSS. 
The start time of GNSS re-acquisition can be deduced by the GNSS remaining time but time duration cannot be known based on current specification. So UE report of GNSS position fix time duration would be needed. Furthermore, eNB needs to know this GNSS position fix time duration before the first time that GNSS position fix becomes invalid in connected mode. Therefore, the Msg5 would be the suitable option for providing this additional GNSS assistance information of GNSS position fix time duration for measurement.
Observation 1: The eNB needs to exactly know the length of time duration it takes for the UE to re-acquire GNSS position fix in connected mode (e.g., the GNSS position fix time duration for measurement) so that the eNB can stop scheduling for the UE within this time period when UE goes to reacquire GNSS.

Moreover, after re-acquisition of the GNSS in connected mode, UE will restart the counting of validate duration for GNSS position fix and the eNB should keep a consistent understanding with UE on the validate duration. However, it should be noted that the eNB only has the previous GNSS remaining time information which is reported by the UE in Msg5. Then eNB and UE cannot be aligned about validity of GNSS anymore. For addressing this issue, the straightforward way is to let UE also report the (complete) GNSS validity duration to the network. 
Observation 2: After re-acquisition of the GNSS in connected mode, UE will restart the counting of validate duration for GNSS position fix and the eNB should also know the (complete) GNSS validate duration in order to keep a consistent understanding with UE on the validate duration.
From RAN2 perspective, as this GNSS validity duration is determined by the UE when the UE acquire GNSS before it access the network, we assume this GNSS validity duration can be kept same during the whole connection. Therefore, UE can also report this GNSS validate duration information via Msg5.
Proposal 3: GNSS position fix time duration and GNSS validity duration need to be introduced in the following Msg5 messages: RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCreestablishmentComplete, RRCConnectionReconfigurationComplete, RRCConnectionSetupComplete-NB, RRCConnectionResumeComplete-NB, RRCreestablishmentComplete-NB. 

There may be some other views that GNSS position fix time duration and GNSS validity duration also need to be reported after each time UE re-acquires the GNSS position fix during connected mode. Per our understanding, GNSS position fix time duration for measurement is generally determined by the GNSS mode, such as hot start, warm start. Then after the UE successfully acquires GNSS position fix before accessing the network and for the whole duration of the connection, the GNSS mode is unchanged, e.g., always in hot start mode or warm start mode. Thus, GNSS position fix time duration can also keep unchanged. Moreover, as it is UE’s implementation to determine GNSS position fix time duration, it also assumes that UE can estimate an enough value for GNSS position fix time duration in order to guarantee enough time for reacquire GNSS position fix. Therefore, it’s enough for UE to report GNSS position fix time duration only once via Msg5. For GNSS validity duration, as it’s also determined by UE’s implementation, we assume it’s related to UE capability and can be unchanged.
Observation 3: GNSS position fix time duration for measurement is generally determined by the GNSS mode, such as hot start, warm start. Then after the UE successfully acquires GNSS position fix before accessing the network and for the whole duration of the connection, GNSS position fix time duration can keep unchanged. For GNSS validity duration, as it’s determined by UE’s implementation and related to UE capability, it also can be unchanged.
Moreover, if UE is required to report GNSS position fix time duration and GNSS validity duration after each time UE finishes re-acquisition of GNSS position fix during connected mode, the following options may be considered:
· Option 1: UE reporting based on request from eNB, e.g., to use UEAssistanceInformation message
· Option 2: Autonomous reporting from UE based on kind of trigger, e.g., to use UEInformationRequest / UEInformationResponse messages
We think the Option 1 is almost infeasible as network cannot know whether and when the changes to GNSS position fix time duration and GNSS validity duration would occur and therefore UE report is needed. The blindly request from eNB would be highly avoided. For Option 2, as UE may also need to request UL grant for such report, the total UE power consumption cannot be ignored.
As we assume the necessity of UE report after each time UE re-acquires the GNSS position fix during connected mode is very little and the signaling overhead and UE power consumption caused by reporting cannot be ignored, we see no need to support the UE report during connected mode.
Proposal 4: UE don’t need to report GNSS position fix time duration and GNSS validity duration after each time UE finishes re-acquisition of GNSS position fix during connected mode.
[bookmark: _Hlk83889356][bookmark: _Hlk83889312]Conclusion
[bookmark: _Hlk83889481]In previous sections, the following observations and proposals were made: 
Observation 1: The eNB needs to exactly know the length of time duration it takes for the UE to re-acquire GNSS position fix in connected mode (e.g., the GNSS position fix time duration for measurement) so that the eNB can stop scheduling for the UE within this time period when UE goes to reacquire GNSS.
Observation 2: After re-acquisition of the GNSS in connected mode, UE will restart the counting of validate duration for GNSS position fix and the eNB should also know the (complete) GNSS validate duration in order to keep a consistent understanding with UE on the validate duration.
Observation 3: GNSS position fix time duration for measurement is generally determined by the GNSS mode, such as hot start, warm start. Then after the UE successfully acquires GNSS position fix before accessing the network and for the whole duration of the connection, GNSS position fix time duration can keep unchanged. For GNSS validity duration, as it’s determined by UE’s implementation and related to UE capability, it also can be unchanged.

Proposal 1: For R18 IoT NTN, if the out-of-sync evaluation period is longer than the GNSS position fix time duration, UE could re-acquire GNSS position fix within GNSS position fix time duration.
Proposal 2: For R18 IoT NTN, eNB could trigger UE to re-acquire GNSS position fix within GNSS position fix time duration via RRC message.
Proposal 3: GNSS position fix time duration and GNSS validity duration need to be introduced in the following Msg5 messages: RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCreestablishmentComplete, RRCConnectionReconfigurationComplete, RRCConnectionSetupComplete-NB, RRCConnectionResumeComplete-NB, RRCreestablishmentComplete-NB. 
[bookmark: _GoBack]Proposal 4: UE don’t need to report GNSS position fix time duration and GNSS validity duration after each time UE finishes re-acquisition of GNSS position fix during connected mode.
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