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[bookmark: _Ref18181]Introduction
In RAN1#112bis-e [1], the scheme to enable the GNSS measurement in RRC-connected state were discussed for IoT device with some progress. In this contribution, we further share the views on improved GNSS operation in IoT NTN, including GNSS validity extension, the configurations of GNSS measurement gap during long connection, autonomously GNSS re-acquisition and on success/completion of GNSS position fix.
Discussion
1.1 GNSS validity duration extension
At the RAN1#112bis-e, the discussion on GNSS validity duration extension is conducted for several rounds with final proposal modified as proposal 1-1i below. And accordingly, FL has also made recommendation to further discuss how to achieve the GNSS validity duration extension as in FL recommendation 1-2.
	Third round proposal 1-1i:
[bookmark: _Hlk134717116]From RAN1 perspective, at least for the case when frequency error and timing error are within frequency and timing error requirements with legacy closed loop time correction, UL transmission can be allowed in a duration X after original GNSS validity duration expires without GNSS re-acquisition.
Note: This mechanism is enabled/configured by eNB
FFS: value range for X.
FFS: details on how the duration X is determined, e.g., by directly extending the original GNSS validity duration, or other value/timer.
FFS: whether RAN2 needs to be involved

FL recommendation 1-2:
Companies are encouraged to evaluate on whether the duration is GNSS validity duration extension, or one value/timer configured by network, then further encouraged to down select:
· Alt 1: the duration is based on remaining timeAlignmentTimer 
· Alt 2: the duration is one value/timer configured by network
Note: Frequency error is within frequency error requirements.


In our understanding, UL transmission can be allowed after original GNSS validity duration expires with legacy closed loop time correction based on eNB configuration. If network is able to maintain the UL synchronization after end of original GNSS validity duration via closed loop time correction, it can indicate UE to extend the GNSS validity duration with certain time duration. UE and eNB can achieve consensus on how long the new GNSS validity duration is. With this method, regardless of whether UL transmission after original GNSS validity duration expire is enabled or not, same UE behavior upon GNSS validity duration expiry can be expected. While if additional timer is used to define the extension duration, different UE behaviors upon GNSS validity expiry need to be defined for different scenarios, which will increase the spec effort without benefit.
Proposal 1: To allow UL transmission in a duration after original GNSS validity duration expires without GNSS re-acquisition, eNB can indicate an extension duration of GNSS validity duration to UE.
· The GNSS validity duration of current GNSS position fix should be the sum of original GNSS validity duration and the extension duration indicated by eNB.
· The behaviors upon expiration of GNSS validity duration will keep unchanged no matter whether GNSS validity duration is extended by eNB or not.
1.2 Configuration of GNSS measurement gap 
For the configuration of GNSS measurement gap in long connection time, following agreements are agreed on start time. However, there are still remaining issue that need further studies. 
	Agreement
On when the aperiodic GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, 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, considering HARQ feedback for the MAC CE, etc


Based on above agreement, the start of measurement gap should be n+X. However, how to determine X is still pending. In the discussion of previous meeting, there are divergent views on the value of X, especially with different consideration on how to treat the HARQ feedback for the MAC CE. Since whether HARQ feedback is needed mainly depends on the network, it is reasonable to let the eNB to determine a configured value of X by considering any necessary delay, which can is straightforward and can accommodate different scenarios.
Proposal 2: The aperiodic GNSS measurement gap starts at n+X, where n is the end of MAC CE receiving subframe and X is configured by network. 
1.3 UE autonomous GNSS re-acquisition 
Besides aperiodic measurement gap triggered by eNB, UE may re-acquire GNSS autonomously based on periodic GNSS measurement gap. For example, network may configure periodic GNSS measurement gap to UE. Then without trigger signaling, UE can autonomously perform GNSS measurement during the periodic GNSS measurement gap. Compared to aperiodic GNSS measurement gap, signaling overhead of triggering signaling will be reduced in periodic GNSS measurement. Therefore, UE autonomous GNSS re-acquisition based on periodic GNSS measurement gap can serve as a supplement to aperiodic GNSS measurement gap. If UE receives eNB trigger of aperiodic GNSS measurement, it will perform GNSS measurement during the configured aperiodic GNSS measurement gap. Otherwise, it will perform GNSS measurement during periodic GNSS measurement gap.
Proposal 3: UE may re-acquire GNSS autonomously based on periodic GNSS measurement gap if UE does not receive eNB trigger to make aperiodic GNSS measurement.
1.4 On success/failure of GNSS measurement 
W.r.t how UE indicate success/completion of GNSS measurement, the following issues are recommended to be further discussed by FL: 
	FL recommendation 6-1:
Companies are encouraged to evaluate on 
a) whether the GNSS measurement gap can end before current GNSS validity duration expires 
b) in case UE failed to re-acquire GNSS position fix before current GNSS validity duration expires, whether UL transmission is allowed before current GNSS validity duration expires 
c) how to inform eNB the success of GNSS measurement at UE side after GNSS measurement in RRC connected and down select:
· Alt-1: After current GNSS validity duration expires, the reception of any UL transmission from the UE at eNB after the GNSS measurement 
· FFS: whether/how to indicate success before current GNSS validity duration expires
· Note: In Alt-1, UE doesn’t report the new GNSS validity duration every time after accomplishing the GNSS measurement.
· Alt-2: UE should report the new GNSS validity duration every time after accomplishing the GNSS measurement


Firstly, it is worth noting that RAN2 has achieved following working assumption. 
	Working Assumption: 
1.	GNSS validity duration UE reported after GNSS measurement is the remaining validity duration


Since remaining validity duration is reported, the start time of GNSS validity duration should be the time of reporting signaling. As a result, it seems that UE need to report GNSS validity duration every time after a GNSS measurement. Otherwise, even if one can assume the length of GNSS validity duration is same as previous one if GNSS validity duration not reported, the start time of GNSS validity duration will be unknown if there is no report signaling. Moreover, considering that the time interval between GNSS measurement accomplishment and UE report of GNSS validity duration is not fixed, the reported GNSS validity duration length may also be different even if the original GNSS validity duration after GNSS measurement accomplishment is same. To avoid ambiguity on GNSS validity duration as mentioned above, it is preferred that UE should report the new GNSS validity duration every time after accomplishing the GNSS measurement. And accordingly, UE report of new GNSS validity duration can be used to implicitly indicate the success of GNSS measurement.
Proposal 4: UE should report the new GNSS validity duration every time after accomplishing the GNSS measurement.
Proposal 5: UE report of new GNSS validity duration can be used to implicitly indicate the success of GNSS measurement.
As analyzed above, UE report of new GNSS validity duration can be used to implicitly indicate the success of GNSS measurement. However, there is no restriction on when UE should report GNSS validity duration currently. It should be noted that UE may lose UL synchronization after a failed GNSS measurement. In this case, UE is not able to transmit a failure indication to network. As a result, network should think the UE failed a GNSS measurement when it does not receive a success indication, i.e., report of new GNSS validity duration, after the GNSS measurement, e.g., within a period of time. Then, network is able to release the connection to avoid resource waste. With such mechanism, when to send success indication of GNSS measurement, i.e., report new GNSS validity duration, should be specified. Otherwise, if the success indication is completely up to UE implementation, it is possible that UE sends a success indication after network determining to release the connection, which causes misalignment between UE and eNB. In order to achieve consensus between UE and eNB on whether a GNSS measurement is failed, restrictions should be specified for when to send success indication of GNSS measurement. A straightforward way is to define a waiting time window to illustrate during which time the success indication should be transmitted. The start of this waiting time window can be the end of GNSS measurement gap. The length of the waiting time window may be configured by eNB, depending on how long the network will wait after a GNSS measurement. UE should send the success indication, i.e., report of new GNSS validity duration, within this waiting time window if the GNSS measurement is successful. If the GNSS measurement is failed, UE will not report new GNSS validity duration. Network is able to know that UE failed the GNSS measurement if it does not receive the report of new GNSS validity duration by the end of the waiting time window.
Proposal 6: Report of new GNSS validity duration, i.e., implicit success indication of GNSS measurement, should be transmitted within a time window after GNSS measurement. The GNSS measurement is thought failed if no new GNSS validity duration report by the end of the time window.
· The time window starts at the end of GNSS measurement gap.
· The time window length is configured by network.
Conclusion
In this contribution, analysis on improved GNSS operation for IoT-NTN is conducted with following proposals and observations:
Proposal 1: To allow UL transmission in a duration after original GNSS validity duration expires without GNSS re-acquisition, eNB can indicate an extension duration of GNSS validity duration to UE.
· The GNSS validity duration of current GNSS position fix should be the sum of original GNSS validity duration and the extension duration indicated by eNB.
· The behaviors upon expiration of GNSS validity duration will keep unchanged no matter whether GNSS validity duration is extended by eNB or not.
[bookmark: _GoBack]Proposal 2: The aperiodic GNSS measurement gap starts at n+X, where n is the end of MAC CE receiving subframe and X is configured by network. 
Proposal 3: UE may re-acquire GNSS autonomously based on periodic GNSS measurement gap if UE does not receive eNB trigger to make aperiodic GNSS measurement.
Proposal 4: UE should report the new GNSS validity duration every time after accomplishing the GNSS measurement.
Proposal 5: UE report of new GNSS validity duration can be used to implicitly indicate the success of GNSS measurement.
Proposal 6: Report of new GNSS validity duration, i.e., implicit success indication of GNSS measurement, should be transmitted within a time window after GNSS measurement. The GNSS measurement is thought failed if no new GNSS validity duration report by the end of the time window.
· The time window starts at the end of GNSS measurement gap.
· The time window length is configured by network.
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