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Introduction
For IoT-NTN Performance Enhancements in Rel-18, some remaining issues from Rel-17 will continue to be discussed in Rel-18. As mentioned in the latest WID of IoT NTN enhancements RP-223519 [1], the GNSS enhancements related objective is listed below:
	-	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]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.


[bookmark: OLE_LINK2]In the recent RAN1#114 meeting (2023.08), the progress on GNSS enhancement is copied below for reference:
	RAN1#114 agreements:
Agreement
From RAN1 perspective, during connected mode, reporting of GNSS position fix time duration is not needed except via RRCConnectionReestablishmentComplete, RRCConnectionReestablishmentComplete-NB and RRCConnectionReconfigurationComplete for HO case.
Agreement
For the aperiodic GNSS measurement gap triggered by eNB with MAC CE, the start time of the gap should be at 
· n+ X1, where n is the end of MAC CE receiving subframe/slot when HARQ feedback for the MAC CE is disabled and X1>= 12ms for NB-IoT, X1>= 3ms for eMTC, 
· or should be at p+ X2, where p is the end of HARQ feedback transmission subframe/slot when HARQ feedback for the MAC CE is enabled
· X1 is predefined values, where X1=12ms for NB-IoT, and FFS X1 for eMTC 
· FFS: X2 is predefined value or configured value.
Agreement
Network can configure the length for GNSS measurement gap via a 4-bit field with component values [1,2,3,4,5,6,7,13,19,25,31] second.
· FFS: other component values
· Note: RAN2 can further discuss whether separate configurations are needed for GNSS measurement gap and GNSS measurement timer, and whether the configuration is by RRC or MAC CE
Agreement
For autonomous GNSS timer, the start time of the autonomous GNSS measurement timer is where the original GNSS validity duration expires, and the duration X (if any) expires.
Note (as already agreed): The duration X is where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition.
Agreement
Network can configure the length for GNSS measurement timer via a 4-bit field with component values [1,2,3,4,5,6,7,13,19,25,31] second.
· FFS: other component values
· Note: RAN2 can further discuss whether separate configurations are needed for GNSS measurement gap and GNSS measurement timer
Agreement
For the aperiodic GNSS measurement gap triggered by eNB with MAC CE, the start time of the gap should be at n+ X1, where n is the end of MAC CE receiving subframe/slot when HARQ feedback for the MAC CE is disabled.
· X1=12ms for NB-IoT
· X1=6ms for eMTC
Agreement
From RAN1 perspective, after autonomous GNSS measurement timer expires if UE failed to re-acquire GNSS position fix within the autonomous GNSS measurement timer UE goes to IDLE mode.
Agreement
The UE is not required to monitor N/MPDCCH within the aperiodic GNSS measurement gap, except after a CBRA (PRACH) is sent.
· CBRA (PRACH) can be sent at least to request UL resource to report the remaining GNSS validity duration.
Note1: The CBRA (PRACH) can only be sent within the duration after UE reacquires GNSS successfully to the end of the gap.
Note2: Whether CBRA (PRACH) is sent is up to UE implementation.
Note3: no change to existing CBRA procedures
FFS: whether other RA procedure is needed.
Agreement
From RAN1 perspective, for the aperiodic GNSS measurement gap triggered by eNB with MAC CE, down select one of the alternatives for the failure of GNSS measurement:
· Alt-1: UE goes to IDLE mode after the end of GNSS measurement gap if UE failed to re-acquire GNSS position fix within GNSS measurement gap.
Agreement
From RAN1 perspective, down select one for the duration X:
· Alt-3: when timeAlignmentTimer is not infinity, X is equal to remaining timeAlignmentTimer; when timeAlignmentTimer is infinity, X is equal to Y.
· FFS: whether X can be used to extend the original GNSS validity duration.
· Y is a configured value.
Note 1: The feature can be enabled/disabled by network
Note 2 (as already agreed): The duration X is where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition.
Agreement
In RRC connected, every time after successful GNSS measurement, UE reports the new remaining GNSS validity duration.
FFS: Whether UE should report the new remaining GNSS validity duration within a duration D.



Moreover, in recent RAN2 meetings, there are also much discussion on the procedure of GNSS reacquisition for UE in connected mode. The following agreements have been achieved:
	RAN2#122 (2023.05) 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.

RAN2#123 (2023.08) agreements:
Agreements:
1. An UL MAC CE for GNSS validity duration reporting is used for NB-IoT user plane solution and eMTC UE as well and A new DL MAC CE is introduced to trigger connected UE to perform GNSS measurement.
2. RAN2 will wait for more input foRAN1 for the detailed format of UL MAC CE for GNSS validity duration reporting and DL MAC CE for GNSS measurement wait for more input from RAN1.
3. T318 is restarted after GNSS position fix 
4. Capture the following NOTE in Stage 2 (can further fix the wording):
NOTE: The AS operations (e.g. RLM related timers, dataInactivityTimer, CHO execution, neighbour cell measurement, RACH, SR, and BSR) are suspended when UE is performing GNSS measurement during GNSS measurement gap.
FFS whether we need to state something about AS resumption
5. UE assumes the GNSS location is valid upon successful GNSS measurement
6. Network enables the reporting of GNSS position fix duration, in SIB2 and in dedicated signalling for the HO case
7. UE autonomously trigger GNSS measurement can be configured via RRC dedicated signalling
8. UE can autonomously start GNSS measurement during the inactive state of C-DRX.
9. The exact time of starting GNSS measurement during the inactive state of C-DRX can be left for UE implementation.
Agreements:
1. The priority of GNSS validity duration MAC CE is higher than BSR. The exact priority can be further checked during MAC running CR review.
2. RRC layer needs to send indication to trigger MAC to report the remaining GNSS measurement validity duration. 
3. RRC layer sends such indication to MAC layer upon RRC layer receives indication that GNSS becomes valid.
4. MAC layer should guarantee the reported remaining GNSS measurement validity duration is the latest value.
5. If UE failed to autonomously re-acquire the GNSS position fix and the GNSS position is still valid during the inactive state of C-DRX, UE does not move to RRC_IDLE. There is no specification impact. FFS if we still allow the UE not to move to Idle in case GNSS position is outdated
6. If there is neither network aperiodically trigger nor network configuration of UE autonomously GNSS measurement, UE moves to RRC_IDLE after GNSS becomes invalid. It’s FFS how to decide GNSS valid or invalid considering duration X and Y.


In this contribution, we will further discuss the remaining issues of GNSS reacquisition procedure and give our proposals. 
Discussion 
Procedures for GNSS reacquisition in connected mode
From RAN2 perspective, based on the achieved RAN1 and RAN2 agreements till now, we have the following understanding for the general procedures of GNSS reacquisition during connected mode:
· During RRC connection establishment/resumption/HO procedures, UE reports not only the remaining GNSS validity duration, but also the GNSS position fix time duration in Msg5 to the serving (target) cell: 
· The GNSS position fix time duration can be seen as the required time length by the UE to perform GNSS measurement which can also be used by eNB as reference when it wants to trigger UE to perform GNSS measurement and explicitly configure the measurement gap. Even the measurement gap can be flexibly configured by eNB, RAN1 has made an agreement that this configured gap should be equal to or larger than the latest UE reported GNSS position fix time duration. Furthermore, RAN1 made a latest agreement that from RAN1 perspective, during connected mode, reporting of GNSS position fix time duration is not needed except via RRCConnectionReestablishmentComplete, RRCConnectionReestablishmentComplete-NB and RRCConnectionReconfigurationComplete for HO case”. According to this agreement, RAN2 can confirm the assumption that GNSS position fix time duration can kept unchanged during the whole connection.
· The reported remaining GNSS validity duration can be used by eNB to determine the possible time point when the GNSS in UE side will become out-of-date. Different from the GNSS position fix time duration, there is common understanding that the GNSS validity duration (and also the remaining GNSS validity duration) may change after each time UE re-acquires the GNSS during connected mode. So RAN2 has agreed that the new remaining GNSS validity duration need to be reported every time upon completing the GNSS fix operation.
· During connected mode, UE can either re-acquire GNSS when it receives the explicit trigger from eNB or autonomously re-acquire GNSS (when configured by the network), e.g., after the current GNSS position fix becomes out-of-date.
· Even the GNSS position fix may be still valid, if UE receives the explicit trigger from eNB, UE would start the GNSS measurement at the time point of n+ X1 (n is the end of MAC CE receiving subframe/slot when HARQ feedback for the MAC CE is disabled) or p+ X2 (p is the end of HARQ feedback transmission subframe/slot when HARQ feedback for the MAC CE is enabled). Here X1=12ms for NB-IoT and X1=6ms for eMTC. But the exact values for X2 for NB-IoT and eMTC are still under RAN1 discussion.
· If an explicit measurement gap is also included in the eNB trigger, UE needs to complete the GNSS measurement during this explicit measurement gap. 
· Otherwise, if no explicit gap is included in the eNB trigger, UE can use a gap duration which is equal to the latest reported GNSS position fix time duration and complete the GNSS measurement within it.
· If UE receives no explicit trigger from eNB, the UE may re-acquire GNSS autonomously after the current GNSS position fix becomes out-of-date:
· During connected mode, there is a case that, even the GNSS position fix may become out-of-date, e.g., the original GNSS validity duration expires, if frequency error and timing error are within frequency and timing error requirements with legacy closed loop time correction, UL transmission still can be allowed in a duration X and UE doesn’t need to perform GNSS re-acquisition immediately when the GNSS position fix becomes out-of-date. Here, if timeAlignmentTimer is not infinity, X is equal to the remaining timeAlignmentTimer. Otherwise, if timeAlignmentTimer is infinity, X needs to be configured by network.
· As long as UE decides to autonomously start the GNSS measurement (e.g., after the original GNSS validity duration expires or after original GNSS validity duration and duration X expires), UE also needs to re-acquire GNSS during a certain time period. According to RAN1 agreement, a GNSS measurement timer can be configured by network for the UE’s autonomous GNSS reacquisition. If configured, this GNSS measurement timer can be seen as an autonomous GNSS measurement gap and UE needs to complete the GNSS measurement within it. 
· It’s also possible that no any GNSS measurement timer is configured from NW. Then when UE decides to autonomously start the GNSS measurement, UE can assume the length of GNSS measurement timer is equal to the latest reported GNSS position fix time duration.
· Moreover, no matter GNSS measurement timer is explicitly configured or implicitly determined by the latest reported GNSS position fix time duration, the start time of the autonomous GNSS measurement timer is where the original GNSS validity duration expires, and the duration X (if any) expires.
· Moreover, every time upon successfully re-acquiring the GNSS fix, the UE will trigger GNSS measurement reporting (to report the new remaining GNSS validity duration) via MAC CE. 
The basic procedure mentioned in above can be found in the following example Figure 1:


Figure 1: The basic procedures for normal GNSS reacquisition during connected mode
There are still some unresolved issues in the above procedures. We will discuss them in the following sections.

Issue #1: When and how to report the GNSS validity duration MAC CE
In previous RAN2 meeting, there was some discussion on when and how to report the remaining GNSS validity duration MAC CE during connected mode. Generally, there are two different views as below and no consensus can be achieved:
· Some companies think, as NW does not know when exactly the UE finishes GNSS measurement and in order to notify the NW about the finish of GNSS measurement as soon as possible (also to facilitate NW to resume scheduling UE earlier), UE needs to trigger SR to send the remaining GNSS validity duration report if there is no UL resources available. 
· Meanwhile, some other companies think NW at least can know when the measurement gap (also the GNSS measurement timer for autonomous GNSS measurement) will be finished, so it can be left to the smart network implementation to ensure the UE to have UL resources for remaining GNSS validity duration report when the measurement gap is finished. Moreover, companies also think according to the RAN1 agreement “The UE is not required to monitor N/MPDCCH within the aperiodic GNSS measurement gap”, triggering SR for earlier GNSS validity duration report may be useless.

RAN1 has agreed that the value range for GNSS position fix time duration for GNSS measurement is [1,2,3,4,5,6,7,13,19,25,31] with unit of seconds. It can be seen there are some large values, e.g., 19s ~ 31s. No matter for NW-triggered GNSS measurement or autonomous GNSS measurement, RAN1 also agreed that the configured gap should be equal to or larger than the latest UE reported GNSS position fix time duration. So even it’s common understanding that the GNSS position fix time duration can kept unchanged during the whole connection, we still can assume in some cases, the reported GNSS position fix time duration and also the configured gap may be aggressive, e.g., (much) longer than the time period that the UE actually needs to perform the GNSS measurement. Then it may be highly possible for UE to finish GNSS measurement earlier than the end of measurement gap.
Observation 1: Even the GNSS position fix time duration can kept unchanged during the whole connection, as there are some large values in the value range of GNSS position fix time duration, it still can be assumed that the reported GNSS position fix time duration and also the configured gap may be possibly aggressive, e.g., (much) longer than the time period that the UE actually needs to perform the GNSS measurement. Then it may be highly possible for UE to finish GNSS measurement earlier than the end of measurement gap.
With observation 1, we can understand in some cases the benefit would be obvious if UE is able to report the GNSS validity duration as early as possible, e.g., earlier than the end of measurement gap.

From RAN2 perspective, to trigger a SR for sending the GNSS report would be an option. Meanwhile, in last RAN1 meeting, RAN1 also agreed another option, e.g., CBRA (PRACH) can be sent at least to request UL resource to report the remaining GNSS validity duration and it’s FFS whether other RA procedure is needed. Based on the following analysis, we will give our proposal:
· As UE cannot schedule/monitor any UL/DL transmission before the successful GNSS measurement, generally, the NW also needs to stop the scheduling of this specific UE during measurement gap. However, if the UE is allowed to send the remaining GNSS validity duration early and a SR can be triggered, even during the measurement gap, NW needs to monitor the UL transmission at the configured PRACH resource for SR. Moreover, as the UE may finish the GNSS measurement at the any time during the measurement gap and NW cannot know the exact time point when UE would send SR, NW have to keep monitoring UL during the whole measurement gap. In other word, even a reasonable assumption could be that, in most cases, the UE finishes the measurement just at the end of the measurement gap or just a little before the end of the measurement gap, in order not to miss the possible SR that the UE may send at any time point before the measurement gap, the NW has to monitor the SR resources all the time. It’s obvious an additional requirement for the NW and the monitor for UL in NW side would be useless or in vain in most of the time.
· Meanwhile, if no SR is triggered and UE just use the contention based Random Access procedure (CBRA) to send the GNSS validity duration report, it would be a more flexible option for both UE and eNB. For the UE, because the SR resource in NB-IoT is also part of the RA resource, and its density may be sparser than the CBRA resource, by this way it may be possible for the UE to find an earlier CBRA resource than the SR resource which will result in a quicker report. For the eNB, as the CBRA is configured for all UEs and the eNB is meant to keep monitoring this resource, there will be no any additional requirements or overhead to the eNB.
· With the similar reason for SR, we think contention free Random Access is also not suitable for this earlier remaining GNSS validity duration report. Moreover, as the UE is not required to monitor NPDCCH within the aperiodic GNSS measurement gap, except after a CBRA (PRACH) is sent, it's also not feasible to initiate a Random Access procedure by a PDCCH order.
With the above analysis, the following proposals are given:
Proposal 1a: If a remaining GNSS validity duration report is triggered and there are no available UL-SCH resources, contention based Random Access procedure can be initiated by the UE to request UL resource to send this report.
Proposal 1b: No SR is triggered for the remaining GNSS validity duration report.

Issue #2: whether another duration D is needed
RAN1 has another FFS for remaining GNSS validity duration report, that is, whether UE should report the new remaining GNSS validity duration within a duration D. in the following part, we will give analysis on this FFS from RAN2 perspective.
Even several ways are allowed for UE to send the remaining GNSS validity duration MAC CE report after successful GNSS reacquisition, e.g., via CBRA as mentioned in Proposal 1a or along with other UL transmission if there happens to be an available UL-SCH resources, it’s still possible that eNB cannot receives nothing during a period after measurement gap:
· Case1: It’s possible that UE’s GNSS measurement fails, e.g., UE cannot reacquire GNSS within the measurement gap, and then UE may lose UL synchronization and cannot report any signal indicating success/failure of GNSS measurement. Moreover, UE will go to idle and eNB will received nothing in the UL. If this case happens, the best way for eNB is to release the resources for this UE at the end of the measurement gap in order to avoid resource hangs (if eNB can be aware of this).
· Case 2: UE successfully reacquires the GNSS and triggers a remaining GNSS validity duration MAC CE report before or upon end of the measurement gap. However, due to that UE may not be able to immediately find a CBRA resource and the RA and also the following report transmission procedure may take a kind of long time (due to long RTT in NTN and/or possible large repetitions), it would be also possible for eNB to receive nothing during a time period after end of measurement gap. 
According to the current agreements, eNB has no way to differentiate the Case 1 and Case 2. Therefore, it’s neither suitable for eNB to release the UE’s connection at the end of measurement gap when receiving nothing as assumed for Case 1, since this will cause the eNB to miss the normal UE report in Case 2, nor suitable for eNB to wait for the report for a long time, because Case1 may have already happened.
Therefore, we think to introduce a duration D would be a trade-off way to address the above mentioned Case 1 and Case 2. That is, to let eNB wait for a suitable time period after the end of the measurement gap, this will be not only beneficial for avoiding the resources are hung forever, but also beneficial for allowing enough chances for eNB to receive the UE report. This duration D can be configured by eNB according to the RTT and the configuration of transmission resources.
Proposal 2a: After successful GNSS measurement, UE should finish the remaining GNSS validity duration report before the end of a duration D after the end of the measurement gap (aperiodic GNSS measurement gap or the autonomous GNSS measurement timer).
Proposal 2b: UE should go to IDLE or trigger RLF if the remaining GNSS validity duration is not reported before end of duration D.
Proposal 2c: The duration D is configured by eNB.

Issue #3: Duration X and extension of original GNSS validity duration
In previous RAN1 meeting, RAN1 has agreed that UL transmission can be allowed in a duration X after original GNSS validity duration expires without GNSS re-acquisition. At that time, RAN1 assumed frequency error and timing error should be within frequency and timing error requirements with legacy closed loop time correction. In last meeting, RAN1 further agreed duration X can be equal to remaining timeAlignmentTimer when timeAlignmentTimer is not infinity. We understand that means, as long as the UL synchronization can be maintained, UE still can perform transmission even GNSS validity becomes out-of-date. If timeAlignmentTimer is infinity, which means UL synchronization is always valid, in this case, UL transmission can be allowed only a configured limited time period after original GNSS validity duration expires. Since eNB can be aware of the remaining GNSS validity duration based on UE report, and eNB also can determine how long the frequency error and timing error can be kept within frequency and timing error requirements, we assume it’s feasible for eNB to configure a suitable duration X.
It’s still FFS in RAN1 on whether duration X can be used to extend the original GNSS validity duration.
Firstly, a straightforward way to configure this duration X (if needed) is via RRC signaling, e.g., in Msg4 for IoT UE using CP solution or in Msg4/RRC reconfiguration message for IoT UE using UP solution. By this way, this duration X can be used by both NW-trigger GNSS measurement and autonomous GNSS measurement. That is, for each time UE reacquires a new GNSS, after this new GNSS becomes out-of-date, a same duration X would be applied to extend UE’s UL transmission. Moreover, for NW-trigger GNSS measurement, we can also consider to include duration X in the GNSS Measurement Command MAC CE. That means this duration X can be dynamically updated for each time GNSS reacquisition. However, as duration X configured in the GNSS measurement trigger can only be applied after the original GNSS validity becomes out-of-date and the original GNSS validity duration may be very long, it may be not easy to ensure this duration X configured much in advance could be still available/suitable when being applied lated. With this consideration, we think it’s not so necessary to allow dynamical update of the duration X in the GNSS Measurement Command MAC CE. 
Proposal 3a: If timeAlignmentTimer is infinity, a duration X can be configured via RRC signaling, e.g., in Msg4 for IoT UE using CP solution or in Msg4/RRC reconfiguration message for IoT UE using UP solution. 
Secondly, per our technical understanding, to allow UL transmission even after expiration of original GNSS validity duration is equivalent to extension of original GNSS validity duration. As duration X is either equal to the remaining timeAlignmentTimer or the configured value in RRC signaling, the straightforward way to implement the extension of the original GNSS validity duration may be in RRC layer, after each time UE reacquires the GNSS. 
[bookmark: _Toc131097861]However, from specification perspective, as the GNSS validity duration is mainly maintained by GNSS module and the indication that the GNSS position becomes out-of-date comes from other layer which is out of 3GPP scope, it may be not easy to implement the extension of the original GNSS validity duration in RRC spec. One possible way may be to deliver the duration X to other layer and how to extend the original GNSS validity duration would be implemented in other layer and may be mostly left to UE implementation. Considering that this option may introduce more cross-layer interaction, we slightly prefer another alternative way, that is, UE can just apply duration X upon receiving the indication that the GNSS position becomes out-of-date, e.g., to additionally apply duration X in the section “5.3.3.21 UE actions upon indication of out-of-date GNSS position”.
Proposal 3b: Upon receiving the indication that the GNSS position becomes out-of-date, UE would apply duration X (if configured), e.g., to keep UL transmission without GNSS re-acquisition.

Issue #4: Configuration for measurement gap
As mentioned in the general procedures of GNSS reacquisition before section 2.1.1, RAN1 has agreed two kinds of “measurement gap”, one is the aperiodic GNSS measurement gap for NW-triggered GNSS measurement, and the other is GNSS measurement timer for autonomous GNSS measurement.
RAN1 further agreed the following value range in last meeting:
· For the aperiodic GNSS measurement gap triggered by eNB with MAC CE, Network can configure the length for GNSS measurement gap via a 4-bit field with component values [1,2,3,4,5,6,7,13,19,25,31] second.
· For autonomous GNSS measurement, Network can configure the length for GNSS measurement timer via a 4-bit field with component values [1,2,3,4,5,6,7,13,19,25,31] second.
RAN1 also indicate that RAN2 can further discuss whether separate configurations are needed for GNSS measurement gap and GNSS measurement timer, and whether the configuration is by RRC or MAC CE.
For autonomous GNSS measurement, the simple way is to configure a “static” GNSS measurement timer via RRC signaling, e.g., Msg4. But for NW-triggered GNSS measurement, some previous views think the gap can be configured in the GNSS Measurement Command MAC CE. Again, since there is common understanding in both RAN1 and RAN2 that the GNSS position fix time duration can kept unchanged during the whole connection and therefore no need to additionally report in connected mode, we see no strong/clear motivation to dynamically configure this measurement gap for NW-triggered GNSS measurement. 
In the summary, we prefer only one common measurement gap is configured via RRC. And this common measurement gap can be applied to both NW-triggered GNSS measurement and autonomous GNSS measurement. UE behaviors on handle this measurement gap in either NW-triggered GNSS measurement or autonomous GNSS measurement would also be same or similar. 
Proposal 4: Only one common measurement gap is configured via RRC, e.g., Msg4. And this common measurement gap can be applied to both NW-triggered GNSS measurement and autonomous GNSS measurement.

Issue #5: Granularity of reported GNSS validity duration
GNSS reacquisition during connected mode would inevitably cause service transmission interruption. Therefore, it’s important to maintain the consistent understanding on GNSS validity between UE and eNB. In order try to reduce the service transmission interruption, not only UE and eNB should try to have consistent understanding on the start of GNSS measurement in order that eNB can stop the service scheduling at the suitable timing, but also UE and eNB should try to have consistent understanding on the end of GNSS measurement in order that eNB can resume the service transmission scheduling timely. 
RAN2 also has agreed that UE will report remaining GNSS validity duration after each time of successful GNSS measurement. By this way, the following purposes can be achieved:
· Purpose 1: The eNB can resume the transmission as soon as possible upon reception of UE report, which may be earlier than the end of the measurement gap. 
· Purpose 2: The eNB can maintain a validity duration timer in its own side whose timer length equals to this remaining validity duration of the new GNSS position fix. Such timer could facilitate eNB to trigger next time GNSS measurement at suitable timing (e.g., via explicit trigger way) or autonomously stop scheduling upon expiration of this timer as eNB would assume UE can autonomously start GNSS reacquisition.
RAN2 also has had another agreement on value range of remaining GNSS validation duration reported by UE in connected mode, that is, {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity}. This value range was introduced in R17 for UE to report remaining GNSS validation duration during initial access procedure and will be reused for R18 GNSS validation duration report in connected mode. 
However, we think the situation for R18 GNSS reacquisition in connected mode is very different from the similar feature in R17. For R17 IoT NTN, the remaining GNSS validity duration report is mainly used to assist eNB to gracefully release the RRC connection before the expiration of GNSS, in order to avoid the resources hangs. However, for R18 GNSS reacquisition in connected mode, the purposes of reporting the remaining GNSS validity duration is to try to align the service scheduling/monitoring between UE and eNB, as mentioned above Propose 1 and 2. So it’s obvious the usages of remaining GNSS validity duration report are very different for R17 and R18.
Since the granularity of service scheduling is with unis of ms, to reuse the R17 value range for R18 remaining GNSS validity duration report would be too coarse that will cause a big deviation between the scheduling of the eNB and the monitoring of UE, e.g., several milliseconds. Shortly to say, following the value range introduced in R17, the remaining GNSS validity duration report would be too coarse that will cause a big deviation between the scheduling/stop of scheduling in the eNB and the monitoring/stop of monitoring in the UE, e.g., several hundred milliseconds.
To address such misalignment between UE and eNB, it’s suggested to introduce finer values, e.g., in unit of milliseconds, for the value range of UE remaining GNSS validation duration report.
Proposal 5: RAN2 needs to introduce finer values, e.g., in unit of milliseconds, for the value range of UE remaining GNSS validation duration report during connected mode.

Issue #6: Enable/disable of autonomous GNSS reacquisition
For autonomous GNSS reacquisition, RAN2 has agreed UE autonomously trigger GNSS measurement can be configured via RRC dedicated signaling. But no agreement has been made on the details of such configuration.
According to RAN1 agreements, we understand RAN2 needs a kind of (static) or one-shot indicator to enable/disable the autonomous GNSS measurement. That means, after enabling this function in UE side, even without receiving explicit trigger from eNB, the UE still can perform a periodical GNSS measurement, e.g., every time upon the GNSS validity duration expires plus duration X.
Generally, such enable indication can be configured via Msg4 for the first time. For UE using UP solution, the following disable or (re)enable configuration can be provided via RRC reconfiguration message. But for UE using CP solution, either way is not to support the disable scheme for the UE, or another way is to introduce DL MAC CE to disable/(re)enable the autonomous GNSS measurement. Considering that the UE using CP solution usually stay in the connected state with shorter time duration than the UE using UP solution, we think only supporting enable scheme via Msg4 for UE using CP solution would be enough.
Proposal 6: The eNB can enable autonomous GNSS reacquisition in UE side via Msg4. The following disable or (re)enable configuration can be provided via RRC reconfiguration message for UE using UP solution.

Issue #7: Can the position be maintained during duration X?
Even RAN1 has agreed a duration X where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition, another related issue has not been discussed. That is, whether other features related UE location, e.g., location-based connected mode mobility, can still be feasible in duration X? If the answer is NO due to that GNSS validity already expires and the location information may already be inaccurate, RAN2 may also need to discuss whether additional processes are needed to handle these functions, e.g., pending? 
Proposal 7: RAN2 further discuss whether other features related UE location, e.g., location-based connected mode mobility, can still be feasible in duration X.

[bookmark: _Hlk83889356][bookmark: _Hlk83889312]Conclusion
[bookmark: _Hlk83889481]In previous sections, the following observations and proposals were made: 
Observation 1: Even the GNSS position fix time duration can kept unchanged during the whole connection, as there are some large values in the value range of GNSS position fix time duration, it still can be assumed that the reported GNSS position fix time duration and also the configured gap may be possibly aggressive, e.g., (much) longer than the time period that the UE actually needs to perform the GNSS measurement. Then it may be highly possible for UE to finish GNSS measurement earlier than the end of measurement gap.

Proposal 1a: If a remaining GNSS validity duration report is triggered and there are no available UL-SCH resources, contention based Random Access procedure can be initiated by the UE to request UL resource to send this report.
Proposal 1b: No SR is triggered for the remaining GNSS validity duration report.
Proposal 2a: After successful GNSS measurement, UE should finish the remaining GNSS validity duration report before the end of a duration D after the end of the measurement gap (aperiodic GNSS measurement gap or the autonomous GNSS measurement timer).
Proposal 2b: UE should go to IDLE or trigger RLF if the remaining GNSS validity duration is not reported before end of duration D.
Proposal 2c: The duration D is configured by eNB.
Proposal 3a: If timeAlignmentTimer is infinity, a duration X can be configured via RRC signaling, e.g., in Msg4 for IoT UE using CP solution or in Msg4/RRC reconfiguration message for IoT UE using UP solution. 
Proposal 3b: Upon receiving the indication that the GNSS position becomes out-of-date, UE would apply duration X (if configured), e.g., to keep UL transmission without GNSS re-acquisition.
Proposal 4: Only one common measurement gap is configured via RRC, e.g., Msg4. And this common measurement gap can be applied to both NW-triggered GNSS measurement and autonomous GNSS measurement.
Proposal 5: RAN2 needs to introduce finer values, e.g., in unit of milliseconds, for the value range of UE remaining GNSS validation duration report during connected mode.
Proposal 6: The eNB can enable autonomous GNSS reacquisition in UE side via Msg4. The following disable or (re)enable configuration can be provided via RRC reconfiguration message for UE using UP solution.
[bookmark: _GoBack]Proposal 7: RAN2 further discuss whether other features related UE location, e.g., location-based connected mode mobility, can still be feasible in duration X.
References
[1] RP-223519, Revised WID: IoT (Internet of Things) NTN (non-terrestrial network) enhancements, MediaTek Inc., December 2022


	9/10	
oleObject1.bin
文本�

�

Data


GNSS becomes invalid and UL transmission cannot be performed


original GNSS validity duration + duration X


Reacquire GNSS 
position fix


�

GNSS measurement with a gap which is  explicitly configured or equal to the latest reported GNSS position fix duration


Reacquire GNSS 
position fix


�

Autonomous GNSS measurement with a gap which is the configured GNSS measurement timer or equal to the latest reported GNSS position fix duration


Report of remaining GNSS validity duration


Report of remaining GNSS validity duration


Data


Trigger from NW



image1.emf
Data

Reacquire GNSS 

position fix

GNSS measurement with a gap which is  

explicitly configured or equal to the latest 

reported GNSS position fix duration

Reacquire GNSS 

position fix

Autonomous GNSS measurement with a gap which 

is the configured GNSS measurement timer or equal 

to the latest reported GNSS position fix duration

Data

Trigger from NW

GNSS becomes invalid and UL 

transmission cannot be performed

original GNSS validity duration 

+ duration X

Report of remaining 

GNSS validity duration

Report of remaining 

GNSS validity duration


