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Introduction
The release 18 work item [1] on IoT support of non-terrestrial networks includes the following objective
 Study and specify 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, RAN2]

In release 17, the work was limited to short and sporadic connection and therefore it was feasible that a UE upon GNSS validity timer expiry could move to RRC Idle mode.
However, the release 18 work will address the broader use case of long connection time. Therefore, it is important to consider how the UE can obtain a new GNSS-based position fix during the long connection. It is also good to note that the simultaneous use of GNSS and IoT operation is not assumed as was also the case in release 17.
In this contribution we provide our view on the improved GNSS operations for IoT NTN. 
[bookmark: _Hlk510705081]Discussion
Aperiodically triggered GNSS measurement
At RAN1#110bis the following was agreed:
	Agreement
Support eNB to at least aperiodically trigger UE to make GNSS measurement.


At RAN1 #111 the agreement was further refined:
	Agreement
For GNSS measurement in RRC connected, if eNB aperiodically triggers connected UE to make GNSS measurement, UE can re-acquire GNSS position fix with a gap
· FFS details of gap configuration 


The agreement is good because it enables the UE and eNB to have a common understanding of when the UE is unavailable for communication due to the UE performing a GNSS measurements. This is of key importance to ensure the UE is not scheduled, when it is actually unavailable due to the GNSS measurement, and the best approach to facilitate this is to let eNB control the GNSS measurements and the UE to follow the eNB’s command.
Observation 1: The common understanding between UE and eNB on when the UE is performing GNSS measurements, and is unavailable for scheduling, is of key importance.
The agreement defines the eNB can aperiodically trigger the UE to make the GNSS measurement, but it is not clear when the measurement is exactly required. However, it is important that the UE shall not become uplink unsynchronized or at least that the UE does not transmit when it is uplink unsynchronized, during the long connection. 
At RAN1#112bis the following was discussed, but not agreed [2]:
	Third Round Proposal 6-1:
UE goes to IDLE mode if UE failed to re-acquire GNSS position fix after configured timing/timer for autonomous GNSS reacquisition and after current GNSS validity duration expired in RRC_CONNECTED mode.

	At the same time the following was agreed at RAN2#121bis:Agreements via email – from offline 104 – second round:
1.	UE can stay in RRC_CONNECTED state when current GNSS position becomes out-of-date if the UE enters a GNSS measurement gap. FFS whether the new GNSS measurement shall be started before, upon or after the current GNSS validity duration expiry


In our view, the UE will not be uplink synchronized after the expiry of the GNSS validity duration. Therefore the UE is not allowed to transmit in uplink and the specification for the UE behavior in this case may be complex. Thus, it is preferred that the GNSS measurements starts before or at the expiry of the GNSS validity duration, but not after. Furthermore, the UE shall move to RRC Idle if it fails to acquire the GNSS position during the measurement.
Proposal 1: UE shall move to RRC Idle if the GNSS measurement fails. The GNSS measurement shall be started before or at the GNSS validity duration expiry.
At RAN1#112bis the following was agreed:
	Agreement
For the GNSS measurement gap aperiodically triggered with MAC CE, the duration for the GNSS measurement gap can be configured by eNB.
· The gap duration is equal to the latest reported GNSS position fix time duration for measurement when the duration for GNSS measurement gap is not included in the configuration by eNB.
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


The FFS of the latter agreement defines to consider HARQ feedback for the MAC CE. In our view, the use of HARQ feedback enables the common understanding between the UE and the eNB. This is important for the operation of the network and therefore RAN1 shall continue to discuss how to account for the HARQ feedback, which the UE has to transmit after receiving the MAC CE with the aperiodic trigger.
Observation 2: the use of HARQ ACK for the message aperiodically triggering the GNSS measurement gap, enables a common understanding between the UE and the eNB about the UE having received the trigger to perform the GNSS measurement.
Proposal 2: The start time of the aperiodically triggered GNSS measurement gap shall be based on the receiving time of the trigger indication and consider the time required by the UE to provide HARQ feedback to guarantee there is common understanding between UE and network on the gap.
Autonomous GNSS measurements
The RAN1 agreements above define the eNB performing aperiodic triggering of UE GNSS measurements. This is useful if the eNB is able to either detect the need for a new measurement based on UE uplink transmission time/frequency drift or based on the GNSS assistance information in terms of GNSS position fix time duration and GNSS validity duration. However, there is a certain signaling overhead related to triggering the GNSS measurements and in some scenarios the need for future GNSS measurements can be predicted. This would be the case when the UE moves in a predictable way, for example when it is onboard a ship or a train. In such a case periodic GNSS measurements may be useful, because it can be predicted when the measurement is needed and thus the signaling overhead can be reduced by only required a one-time (or long-term) GNSS measurement configuration. 
Observation3: The UE may move in a predictable way, e.g. on a ship or train, and therefore make periodic GNSS measurements useful.
In our view periodic GNSS measurements are a useful type of autonomous GNSS measurements to reduce the signaling overhead.
Proposal 3: Support eNB to configure the UE to make periodic GNSS measurements.
The periodic GNSS measurements can be configured via RRC, but it may also be an option to provide multiple different GNSS measurement configurations (e.g. different periodicity and gap) in System Information Broadcast. Each UE can then select the configuration, which it finds most suitable and inform the eNB about its selection. This approach will also address the issue of the CP-only solution not allowing RRC Reconfiguration.
Proposal 4: Support eNB to broadcast multiple GNSS measurement configurations and UE to report which configuration it applies.
At RAN1 #111 the following was agreed:
	Agreement
The UE may re-acquire GNSS autonomously (when configured by the network) if UE does not receive eNB trigger to make GNSS measurement
· FFS based on configured timing 


At RAN1#112bis the following was discussed, but not agreed [2]:
	Third Round Proposal 3-1:
For autonomous GNSS re-acquisition, the UE may re-acquire GNSS autonomously during GNSS measurement timer, down select one of alternatives for the length of GNSS measurement timer in RAN1 #113:
· Alt-1: the length of GNSS measurement timer is equal to the length of GNSS measurement gap 
· Note: the length of GNSS measurement timer is equal to the latest reported GNSS position fix time duration for measurement when the duration for GNSS measurement gap is not included in the configuration by eNB or the GNSS measurement gap is not configured.
· Alt-2: the length of GNSS measurement timer is equal to the latest UE reported GNSS position fix time duration.
Note: The autonomous GNSS re-acquisition with GNSS measurement timer is configured by network.
Third Round Proposal 3-2:
The start time of the autonomous GNSS measurement timer should be based on the current GNSS validity duration with delay or without delay.


In our view, this allows the UE to perform the GNSS measurement autonomously, if the eNB has not triggered it or has not configured the periodic measurement. The issue is the timing for the autonomous measurement. 
Proposal 5: Autonomous GNSS measurement may be supported as complenary to periodic and aperiodic GNSS measurement.
Firstly, there should be a common understanding between UE and network on whether UE will do this autonomous GNSS measurement. It should be allowed by network configuration but not UE self behavior. And network should know clearly whether UE will do it, or there will be on common understanding on UE behavior between UE and network. 
Proposal 6: Before RAN1 to support autonomous GNSS measurement, it should firsly decided how to make a common understanding between UE and network on whether UE will do it in each time.
Secondly, the UE autonomous GNSS measurement shall rely on the GNSS measurement gap configuration (made by the eNB) in terms of the gap duration, such that the eNB knows how long the UE is not available, i.e. we propose to follow alternative 1 of proposal 3-1 from RAN1#112bis. 
Proposal 7: The length of the GNSS measurement timer for autonomous GNSS re-acqusition is equal to the length of the network-configured GNSS measurement gap.
Thirdly, the eNB and UE must have a common understanding of when the UE starts the autonomous measurement, for example if the measurement is within the C-DRX Active where the eNB expects the UE to monitor the PDCCH, or if it collides with transmission/reception of control or data channels or reference signals. The start time of the autonomous gap can be configured by the eNB as an offset to the GNSS validity duration expiry, which is known to both UE and eNB. The offset can be positive or negative to allow the GNSS measurement to start before or after the GNSS validity duration expiry.
Proposal 8: For UE autonomous GNSS measurements, the start time shall be based on the current GNSS validity duration with a network-configured offset.
UE request for GNSS measurement
The RAN1 agreements above rely on the eNB to trigger the measurement. If the GNSS assistance information has become invalid, e.g. due to the UE starting to move in a different/unexpected way, the eNB is not able to trigger the GNSS measurement timely. If the UE is transmitting the eNB may be able to detect uplink transmission time/frequency drift, but if the UE is not currently transmission the eNB will not be aware of the UE movement and the need for a new, aperiodic GNSS measurement. Therefore, it seems beneficial to also allow the UE to request the eNB to trigger a GNSS measurement. According to the work item assumptions the UE is not able to operate the GNSS and 3GPP modem simultaneously. Therefore, the UE cannot rely on the GNSS to update the location information during an ongoing 3GPP communication instance. However, it may be feasible for the UE to compare the expected time/frequency of a downlink signal, based on the previous determined location, and the actual time/frequency of the received downlink signal. If the difference between the expected and measured downlink signals exceeds a threshold the UE could trigger a request for a new GNSS measurement. 
Observation 4: If the UE does not transmit, the eNB is not aware of potential UE movement and therefore only the UE is able to determine the need for a new GNSS position fix and trigger aperiodic GNSS measurement.
Observation 5: The UE may detect the mobility state change based on determining the time/frequency difference between a received downlink signal and an estimate based on the last known location.
Proposal 9: Support the UE to request eNB to trigger at least an aperiodic GNSS measurement.
GNSS measurement collision with repetition period
For the IoT UE, the repetition period may last for a long time, e.g. several seconds or even tens of seconds. When considering the largest number of repetitions, number of resources units (RU), and number of slot in RU, the maximum transmission time could be 10.24 s for 15kHz SCS and 40.96 s for 3.75kHz SCS. During such a long repetition period the GNSS validity duration timer may expire. Since the UE and eNB are both aware of the GNSS validity duration timer and the duration of the repetitions it could be considered to allow the UE to perform a GNSS measurement during the repetitions by creating a GNSS measurement gap at a known point in time within the repetition period. 
Observation 6: There may be a need for a GNSS measurement during a long period of downlink/uplink repetitions.
Proposal 10: RAN1 to discuss handling a GNSS measurement during a long period of downlink/uplink repetitions.
Extension of GNSS validity duration
It is worth discussing whether the eNB instead of triggering the UE to perform a new GNSS measurement can command the UE to extend the GNSS validity duration timer. This would be useful in the scenario of a stationary UE, where the eNB may notice the UE’s transmissions remain well aligned in time and frequency during the course of a repetition period. Therefore, the eNB could extend the UE’s GNSS validity timer and save the time and UE energy, which would be spend on a new GNSS measurement, and furthermore avoid the interruption of the repetitions if a repetition period is ongoing.
The conditions to allow UL transmissions after the expiry of the GNSS validity duration was also discussed at RAN1#112 with the following agreement:
	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 our view, the legacy (release 17) behavior is that the UE moves to RRC Idle. However, as noted above, there may be cases where the UE does not need to perform a new GNSS measurement, because the uplink transmission is well within the time and frequency requirements and expected to remain so for some time. Thus, it can be avoided that the eNB triggers the aperiodic measurement or the UE performs the autonomous measurement. 
The UE is not able to detect the time and frequency error of its own transmission and thus it shall be the eNB to detect and grant an extended validity duration / allow the UL transmission after the expiry of the original GNSS validity duration. As noted earlier, the UE may be able to determine that it has moved based on downlink signals, but it would most likely not be able to determine if the potential transmission error is within the limit, and thus in this case it is better for the UE to request a new GNSS measurement. 
Observation 7: the eNB may detect that the UE’s uplink transmission is well aligned despite the GNSS validity duration expiry is approaching.
At RAN1#112bis the following was discussed and recommended for further discussion [2]:
	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.


And then updated in email discussion as following but no consensus in RAN1.
Third round proposal 1-1i:
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 via configuration of X  by eNB
FFS: value range for X.
FFS:Note: RAN2 to decide the From RAN1 perspective, dDetails on how the duration X is implemented determined, e.g.by directly extending the original GNSS validity duration, or other value/timer.
FFS: whether RAN2 needs to be involved

In our view, the timeAlignmentTimer is used by the MAC layer to determine whether the UE is uplink time aligned and started/restarted whenever the UE receives a Timing Advance Command (TAC) MAC CE. The network may want to transmit such a TAC shortly before the expiry of the GNSS validity duration, because the UE’s timing is misaligned, e.g. due to the position being outdated. The corresponding restart of the timingAlignmentTimer should not enable the UE to continue transmissions after the GNSS validity duration expiry, because the UE may be in need of the position update. Thus we are not in favor of alternative 1 from the FL recommendation 1-2.
Observation 8: the eNB may transmit a Timing Advance Command prior to the GNSS validity duration expiry without intending to extend the GNSS validity duration expiry by the corresponding restart of the timeAlignmentTimer.
The alternative 2 is simpler in our view, because it does not interfere with the MAC time alignment functionality. Instead, the network can configure a duration specifically for the GNSS validity duration extension. The network could either preconfigure the duration and inform the UE when to activate it or signal the duration as part of the grant to extend the GNSS validity duration. It may also be worth discussing whether the network can inform the UE to reset the current GNSS validity duration instead of using a new value.
Proposal 11: The network can configure a value for the extension of the GNSS validity duration.
Reporting related to GNSS parameters 
At RAN1#110bis the following was agreed:
	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 


At RAN1#112 it was further agreed
	Agreement
UE reports only one GNSS position fix time duration for GNSS measurement at least when moving to RRC connected state.


The agreement enables the eNB to be aware of the GNSS position fix time duration such that the eNB knows the minimum length of the GNSS measurement gap. The information is required at the RRC Connection setup such that the eNB can prepare the scheduling of the GNSS measurement gap. However, if the UE starts moving in a different way or the (GNSS) propagation conditions change the information reported during the initial accesss stage may be outdated, because the UE would now have a different GNSS position fix time duration.
Observation 9: The UE may move and/or the propagation conditions may change and therefore cause a change in the required GNSS position fix time duration.
To support the scenarios where the UE’s GNSS position fix time duration changes during a long connection it will be beneficial to discuss support for UE reporting updated GNSS position fix time duration if the duration has changed compared to the duration reported in the initial access stage.
Proposal 12: RAN1 to discuss UE reporting GNSS position fix time duration if the duration has changed since the previous report.
At RAN1#110bis the following was agreed:
	Agreement
In connected mode, UE may report GNSS validation duration with MAC CE.


As noted above the UE may start moving in a different way and therefore the above agreement is useful to ensure the UE informs the eNB about any changes in the GNSS validity duration. Note the agreement refers to validation instead of validity.  
To ensure timely reporting of the GNSS validaty duration it is necessary to define triggers for the UE. A simple approach is to define the UE reports the GNSS validity duration after every GNSS measurement or alternatively only if the current GNSS validity duration is different from the previously reported value. This works well in predictable scenarios. However, the UE’s mobility state/location may also changed unexpectedly and therefore it will be beneficial to discuss how the UE can detect such unexpected movement and how the UE can trigger a new GNSS measurement, for example by reporting a new GNSS validity duration to the eNB (since such validity duration will also change based on the movement). 
Observation 10: The UE’s mobility state/location may change and therefore cause a change in the expected GNSS validity duration.
In release 17 it was discussed (by RAN2) that the UE is expected to have a valid GNSS fix before it establishes a RRC Connection. However, it may not be strictly necessary for the UE to re-acquire the GNSS fix before setting up the connection. This is for example the case when the UE has been very briefly in RRC Idle due to an RLF or is performing a handover / cell reselection. In such scenarios it would be important to define whether the UE can reuse the previous GNSS fix and whether the UE shall report the GNSS validity duration. Thus UE triggers to control this behavior would be good to discuss in RAN1.
Observation 11: GNSS reacquisition may not always be needed if the UE has been RRC Idle for a short period during a long connection.
Proposal 13: RAN1 to discuss how UE can trigger the reporting of GNSS validity duration if the duration has changed and after a short period in RRC Idle. 
At RAN1#112bis the following was agreed:
	[bookmark: _Hlk133492826]Agreement
UE reports one GNSS position fix time duration for GNSS measurement via a N-bit field at least including [1,2] seconds as component values.
· FFS: value of N, other component value(s) of GNSS position fix time duration (e.g. N=3, with value in [3,7,13,19,25, X] seconds, and X is FFS).
FFS: whether RAN4 input is needed.


In our view, RAN1 may need RAN4 input on the number of values and the actual values for the GNSS position fix time duration. However, since the UE per release 17 specification shall acquire GNSS position fix before starting the RRC Connection setup we are not convinced the UE can be in cold or warm states, but rather only in hot state during the connection. Furthermore, we do not consider the “infinity”-value to be relevant, because the UE can already report “infinity” as part of the GNSS validity duration in release 17 and it would indicate the same i.e. UE is stationary.
Observation 12: UE is most likely in hot GNSS state during a long RRC Connection
Observation 13: the “infinity” value is not needed for the GNSS position fix time duration, because it is already defined for the GNSS validity duration
Proposal 14: RAN1 to ask for RAN4 input on the number of GNSS position fix time duration values and the actual values.
Reporting of GNSS measurement success
At RAN1#112 the following was agreed:
	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



This was further discussed at RAN1#112bis with the following FL recommendation [2]:
	FL recommendation 6-1:
Companies are encouraged to evaluate on 
0. whether the GNSS measurement gap can end before current GNSS validity duration expires 
0. 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 
0. 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


Regarding point a) of the recommendation 6-1 we support this, because as previously discussed, the eNB may determine a need to trigger the GNSS measurement early (relative to the GNSS validity duration) if the UE has suddenly started moving, which result in the current GNSS position becoming invalid earlier than expected, and thus causing uplink interference.
Observation 14: the eNB may trigger an “early” GNSS measurement gap, before expiry of the current GNSS validity duration, if the UE starts moving because it would cause the current GNSS position to become outdated.
Proposal 15: the eNB can trigger a GNSS measurement gap, which can end before the current GNSS validity duration expires
Regarding point b), if the eNB has triggered such an “early” GNSS measurement gap, which ends before the expiry of the current GNSS validity duration, the UE shall not be allowed to transmit after the GNSS measurement gap, if the new GNSS position fix acquisition failed. The reason is that the eNB most likely triggered the early GNSS measurement gap, because the UE’s current GNSS position had become outdated.
Proposal 16: If the UE failed to reacquire the GNSS position fix in an early network-triggered GNSS measurement gap, the UE is not allowed to transmit after the GNSS measurement gap even if the the current GNSS validity duration has not expired.
Regarding alternative 2 of point c), the explicit indication if the new GNSS validity duration ensures the common understanding between the UE and the eNB about the GNSS-related status of the UE. There is in principle no need for the UE to report the new remaining GNSS validity duration if it has not changed, but on the other hand it is important for the eNB to know the UE made a successful GNSS measurement. Thus, it will be beneficial if RAN1 (or RAN2) can further consider whether the UE can indicate “successful GNSS measurement” without providing the GNSS validity duration, when the new duration is the same as the previous duration. 
Proposal 17: The UE shall indicate success of the GNSS measurement by reporting the new remaining GNSS validity duration.
Proposal 18: RAN1 to discuss whether the UE can provide an explicit indication of successful GNSS measurement and optionally include the new GNSS validity duration, when the duration is different from the previous duration. 
Alternative 1 of option c) is not preferred, because it relies on the UE transmitting in uplink. If the UE is not scheduled to transmit in uplink and the network is planning a downlink scheduling, the network will not be aware of whether the UE actually completed the GNSS measurement successfully, before the network has started the downlink transmission and is awaiting the HARQ feedback (if not disabled). If it turns out the UE failed the GNSS measurement, the downlink transmission will be useless, because the UE will have moved to the RRC Idle state. 
Observation 15: UE indicating successful GNSS measurement by any uplink transmission is not preferred, because it may cause network to attempt downlink transmission to a UE, which is no longer RRC connected.
An additional important aspect for option c) is how the UE performs uplink transmission after the successful GNSS measurement gap. One option, with high signaling overhead, is to require the UE always performs the Random Access procedure to obtain a new Timing Advance N_TA. Alternatively, RAN1 can discuss whether the UE can reuse or reset the previous N_TA such that the UE can skip the Random Access procedure and instead transmit a Scheduling Request or directly transmit in a preconfigured uplink resource. 
Proposal 19: RAN1 to discuss whether the UE after a successful GNSS measurement gap either performs the Random Access procedure or reuses/resets the previous N_TA.
Conclusion
In this contribution we have made the following observations:
Observation 1: The common understanding between UE and eNB on when the UE is performing GNSS measurements, and is unavailable for scheduling, is of key importance.
Observation 2: the use of HARQ ACK for the message aperiodically triggering the GNSS measurement gap, enables a common understanding between the UE and the eNB about the UE having received the trigger to perform the GNSS measurement.
Observation3: The UE may move in a predictable way, e.g. on a ship or train, and therefore make periodic GNSS measurements useful.
Observation 4: If the UE does not transmit, the eNB is not aware of potential UE movement and therefore only the UE is able to determine the need for a new GNSS position fix and trigger aperiodic GNSS measurement.
Observation 5: The UE may detect the mobility state change based on determining the time/frequency difference between a received downlink signal and an estimate based on the last known location.
Observation 6: There may be a need for a GNSS measurement during a long period of downlink/uplink repetitions.
Observation 7: the eNB may detect that the UE’s uplink transmission is well aligned despite the GNSS validity duration expiry is approaching.
Observation 8: the eNB may transmit a Timing Advance Command prior to the GNSS validity duration expiry without intending to extend the GNSS validity duration expiry by the corresponding restart of the timeAlignmentTimer.
Observation 9: The UE may move and/or the propagation conditions may change and therefore cause a change in the required GNSS position fix time duration.
Observation 10: The UE’s mobility state/location may change and therefore cause a change in the expected GNSS validity duration.
Observation 11: GNSS reacquisition may not always be needed if the UE has been RRC Idle for a short period during a long connection.
Observation 12: UE is most likely in hot GNSS state during a long RRC Connection
Observation 13: the “infinity” value is not needed for the GNSS position fix time duration, because it is already defined for the GNSS validity duration
Observation 14: the eNB may trigger an “early” GNSS measurement gap, before expiry of the current GNSS validity duration, if the UE starts moving because it would cause the current GNSS position to become outdated.
Observation 15: UE indicating successful GNSS measurement by any uplink transmission is not preferred, because it may cause network to attempt downlink transmission to a UE, which is no longer RRC connected.

And the following proposals:
Proposal 1: UE shall move to RRC Idle if the GNSS measurement fails. The GNSS measurement shall be started before or at the GNSS validity duration expiry.
Proposal 2: The start time of the aperiodically triggered GNSS measurement gap shall be based on the receiving time of the trigger indication and consider the time required by the UE to provide HARQ feedback to guarantee there is common understanding between UE and network on the gap.
Proposal 3: Support eNB to configure the UE to make periodic GNSS measurements.
Proposal 4: Support eNB to broadcast multiple GNSS measurement configurations and UE to report which configuration it applies.
Proposal 5: Autonomous GNSS measurement may be supported as complenary to periodic and aperiodic GNSS measurement.
Proposal 6: Before RAN1 to support autonomous GNSS measurement, it should firsly decided how to make a common understanding between UE and network on whether UE will do it in each time.
Proposal 7: The length of the GNSS measurement timer for autonomous GNSS re-acqusition is equal to the length of the network-configured GNSS measurement gap.
Proposal 8: For UE autonomous GNSS measurements, the start time shall be based on the current GNSS validity duration with a network-configured offset.
Proposal 9: Support the UE to request eNB to trigger at least an aperiodic GNSS measurement.
Proposal 10: RAN1 to discuss handling a GNSS measurement during a long period of downlink/uplink repetitions.
Proposal 11: The network can configure a value for the extension of the GNSS validity duration.
Proposal 12: RAN1 to discuss UE reporting GNSS position fix time duration if the duration has changed since the previous report.
Proposal 13: RAN1 to discuss how UE can trigger the reporting of GNSS validity duration if the duration has changed and after a short period in RRC Idle. 
Proposal 14: RAN1 to ask for RAN4 input on the number of GNSS position fix time duration values and the actual values.
Proposal 15: the eNB can trigger a GNSS measurement gap, which can end before the current GNSS validity duration expires
Proposal 16: If the UE failed to reacquire the GNSS position fix in an early network-triggered GNSS measurement gap, the UE is not allowed to transmit after the GNSS measurement gap even if the the current GNSS validity duration has not expired.
Proposal 17: The UE shall indicate success of the GNSS measurement by reporting the new remaining GNSS validity duration.
Proposal 18: RAN1 to discuss whether the UE can provide an explicit indication of successful GNSS measurement and optionally include the new GNSS validity duration, when the duration is different from the previous duration. 
Proposal 19: RAN1 to discuss whether the UE after a successful GNSS measurement gap either performs the Random Access procedure or reuses/resets the previous N_TA.
References
[1] RP-223519, Revised WID on IoT NTN enhancements, 3GPP TSG RAN Meeting #98, December, 2022.
[2] [bookmark: _Ref133913763]R1-2303912, Feature lead summary #1 of AI 9.9.4 on improved GNSS operations, 3GPP RAN1 #112bis, April 2023
