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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.
In this contributions, based on the progress in RAN1 and RAN2, we will mainly discuss the procedure for GNSS reacquisition during connected mode and give our suggestions.
[bookmark: OLE_LINK2]Background
In R17 IoT NTN, acquisition/reacquisition of the GNSS position in the scenario of short, sporadic connections has been specified. That is, the UE may need to acquire/reacquire the GNSS position before establishing the connection to avoid interruption during the connection. However, if the GNSS position becomes out-of-date while UE is in RRC_CONNECTED, the UE shall enter idle mode to reacquire GNSS position. 
For R18 IoT NTN, reacquisition of the GNSS position during the long connections needs to be studied. It’s expected that, for UE in connected mode, when GNSS position becomes invalid, UE could reacquire GNSS and then continue the service transmission. 
RAN1 has had much discussion on this topic, the progress in recent RAN1#112bise meeting (2023.04) and RAN1#113 meeting (2023.05) are copied below for reference:
	RAN1#112bise agreements:
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
Agreement
Draft LS in R1-2304125 is endorsed. Final LS is approved in R1-2304126.
Agreement
[bookmark: _Hlk133492826]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.

RAN1#113 agreements:
Agreement
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.
RAN1 will decide further details of the above.
Agreement
UE reports one GNSS position fix time duration for GNSS measurement via a 4-bit field with component values [1,2,3,4,5,6,7,13,19,25,31] 
· FFS: other component values
Agreement
The UE is not required to transmit or receive any channel / signal within the aperiodic GNSS measurement gap duration before the UE reacquires GNSS successfully. 
FFS: UE’s behavior within the duration after UE reacquires GNSS successfully to the end of the gap if the UE reacquires GNSS successfully before the end of the gap.
Agreement
For the aperiodic GNSS measurement gap triggered by eNB with MAC CE, down select one of the alternatives for the start time of the gap:
· Alt 1: should be at n+ X, where n is the end of MAC CE receiving subframe/slot and X>= 12ms for NB-IoT, X>= 3ms for eMTC 
· Note: X is one value regardless of HARQ feedback enabled or disabled for the MAC CE
· FFS: details, e.g. X is predefined value or configured value 
· Alt 2: 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 
· FFS: details, e.g. X1 and X2 are predefined value or configured value, including whether X1 and X2 can be the same
· Alt3: should be at p+ X, where p is the end of HARQ feedback transmission subframe/slot, where HARQ feedback for the MAC CE is always enabled
· FFS: details, e.g. X is predefined value or configured value
Agreement
For NB-IoT and eMTC, at least for the case where the network configuration does not include a periodicity (if supported), for autonomous GNSS re-acquisition, the UE may re-acquire GNSS autonomously during GNSS measurement timer, the start time of the autonomous GNSS measurement timer is based on the original GNSS validity duration.
· FFS: additional delay and details of delay (if any), e.g. delay can be zero or can be equal to/larger than the duration X where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition.
· Note1: Autonomous GNSS re-acquisition mechanism is enabled or disabled by network.
· Note2: The length of GNSS measurement timer can be configured by network and the length of GNSS measurement timer is equal to the latest reported GNSS position fix time duration for measurement when the length of GNSS measurement timer is not configured.
· Note3: The autonomous GNSS re-acquisition can be periodic in certain conditions without further spec impact.



Moreover, RAN2#121 meeting (2023.02, Athens), RAN2#121bise meeting (2023.04) and RAN2#122 meeting (2023.05, Korea) have had much discussion on the procedure of GNSS reacquisition for UE in connected mode. The following agreements have been achieved:
	RAN2#121 agreements:
1. For UE to report GNSS position fix time duration for measurement during the initial access, at least the following Msg5 message can be used: RRCConnectionSetupComplete, RRCConnectionSetupComplete-NB,  RRCConnectionResumeComplete, RRCConnectionResumeComplete-NB, FFS for RRCreestablishmentComplete and RRCConnectionReconfigurationComplete. FFS for Msg3.
2. FFS whether the UE can stay in RRC_CONNECTED state when current GNSS position becoming out-of-date if the UE has initiated a new measurement.
3. The value range {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} introduced in R17 is reused for connected UE GNSS validation duration report, unless modified by RAN1.
4. UE reports GNSS validity duration after GNSS measurement. FFS whether the UE reports every time or only if the validity duration changes. FFS if the duration is the remaining validity duration or the whole duration.

RAN2#121bise agreements:
1. There is no need for UE to provide GNSS position fix time duration in Msg3.
2. RLM is suspended during the GNSS measurement gap while the UE is measuring GNSS
3. 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
4. For a UEs that cannot acquire system information and GNSS position at the same time, acquisition of SIB31 may be postponed until GNSS measurement is completed if the UE cannot complete acquisition of SIB31 before the start of GNSS measurement gap
5. For the NB-IoT CP solution, UE will report the GNSS validity duration by using a MAC CE
6. RAN2 can discuss UE autonomously reacquire GNSS during inactive state of C-DRX based on RAN1’s input in the next RAN2 meeting
Working Assumption: 
1. GNSS validity duration UE reported after GNSS measurement is the remaining validity duration.

RAN2#122 agreements:
Agreements:
1. Confirm the working assumption that GNSS validity duration UE reports is the remaining validity duration.
2. The UE triggers GNSS measurement reporting every time upon completing the GNSS fix operation.
3. When network triggers GNSS measurement initiation is up to network implementation.
4. Add a note to state some AS operations are suspended when UE is performing GNSS measurement during GNSS measurement gap.
5. GNSS fix time duration should be reported in 1) and 2):
1) RRCConnectionReestablishmentComplete and RRCConnectionReestablishmentComplete-NB 
2) RRCConnectionReconfigurationComplete for HO case 
(FFS whether there are some scenarios where this is not needed or whether there has to be some explicit NW indication to do so)
Working Assumptions:
1.  An UL MAC CE for GNSS validity duration reporting is used for NB-IoT user plane solution and eMTC UE as well, in addition to previously agreed NB-IoT control plane solution
2. A new DL MAC CE is introduced to trigger connected UE to perform GNSS measurement.


In this contribution, we will further discuss the remaining issues of GNSS reacquisition procedure and give our proposals. Furthermore, the issues of the GNSS reacquisition during C-DRX are also discussed.
Discussion 
Procedures for normal GNSS reacquisition in connected mode
From RAN2 perspective, based on the achieved RAN1 and RAN2 agreements till now, we have the following understanding for some aspects of normal GNSS reacquisition in 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., when the current GNSS position fix becomes out-of-date.
· If UE receives the explicit trigger from eNB, no matter whether the trigger includes the explicit gap, UE would start the GNSS measurement at the time point of n + X, where n is the end of MAC CE receiving subframe/slot, X would be a predefined value or configured value. During last RAN1 meeting, there were some discussion on whether X is one common value regardless of HARQ feedback enabled or disabled for the MAC CE or X can be different values considering different scheduling delay of HARQ feedback enabled and disabled for the MAC CE. But no agreement can be achieved. RAN2 can leave this issue to RAN1 decision.
· If an explicit gap is included in the trigger, UE should complete the GNSS measurement during this explicit measurement gap. 
· Otherwise (e.g., no explicit gap is included in the trigger), according to previous RAN1 agreement, 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, then when the current GNSS position fix becomes out-of-date, the UE should autonomously start to re-acquire GNSS. Similar as the case of receiving explicit trigger without measurement gap, UE can also use a gap duration which is equal to the latest reported GNSS position fix time duration for GNSS measurement.
· According to RAN2 agreements, UE would report GNSS position fix time duration for measurement in Msg5 during the initial access. This duration can be seen as the required time length for GNSS measurement which can 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 also made an agreement that this configured gap should be equal to or larger than the latest UE reported GNSS position fix time duration.
· Moreover, according to RAN2 agreements in last meeting, the UE will trigger GNSS measurement reporting (to report remaining GNSS validity duration) via MAC CE every time upon completing the GNSS fix operation. 
The above procedure can be found in the following example Figure 1:


Figure 1: The procedure for normal GNSS reacquisition

Remaining issue #1: Granularity of reported GNSS validity duration
As IoT UE generally cannot simultaneously perform service transmission in cellular network and GNSS operation, it’s easy to understand, when UE starts to reacquire the GNSS upon expiration of GNSS validity duration, the eNB/UE would stop the UL/DL transmission. Therefore, GNSS reacquisition 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 avoid 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. 
One of the justifications of letting UE report remaining GNSS validity duration via MAC CE every time upon completing the GNSS fix operation is that, even eNB can configure measurement gap to the UE and eNB can know the start of GNSS measurement (also the start of the measurement gap), some companies think it's still possible for UE to finish GNSS measurement and start to (re)count the validity duration for this new-acquired GNSS position fix before the end of the measurement gap. In this case, eNB has no any idea when UE in connected mode have finished GNSS reacquisition. On one hand, eNB cannot decide when to resume the transmission and have to wait till to end of measurement gap. Moreover, the eNB cannot correctly deduce when this new-acquired GNSS position fix in UE side will expire for the next time and then the eNB cannot correctly trigger the GNSS measurement or stop the scheduling for the UE. In other word, if UE would not report, the eNB may no longer maintain the consistent understanding on GNSS validity duration with the UE.
Therefore, in last RAN2 meeting, RAN2 has confirmed that UE will report remaining GNSS validity duration after each time of 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.
In previous meeting, RAN2 also have another agreement on value range of 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 1: RAN2 needs to introduce finer values, e.g., in unit of milliseconds, for the value range of UE remaining GNSS validation duration report.

Remaining issue #2: When and how to report the GNSS validity duration MAC CE
RAN2 has made working assumption that UL MAC CE is used for GNSS validity duration reporting for both NB-IoT and eMTC. In previous meeting, there was some discussion on whether to introduce a SR for validity duration MAC CE report. Currently, the SR is only for BSR MAC CE report. We can agree introducing SR has the benefit of allowing the UE to report the GNSS validity duration timely. But we don't think this benefit is critical compared to the complexity of introducing a new SR.
Even we agree the Purpose 1 above expects UE report timely, we still think Purpose 1 can only be achieved in some cases, maybe very few cases. In some other (maybe more) cases, as it may take long time for IoT NTN UE to perform UL transmission (due to long RTT and/or large repetitions), it may be possible that, even the UE starts the remaining GNSS validity duration report before the end of measurement gap, it’s still possible that the time point when UE finishes the GNSS validity duration report is later than the end of the measurement gap, especially in the case that the time interval between the completion of GNSS reacquisition or the time point when the UE triggers the GNSS validity duration report and the end of the measurement gap is very short. In such case, the Purpose 1 mentioned above cannot be achieved but just cause UE power consumption. 
Then purely for Purpose 2, UE don’t need to report the remaining GNSS validity duration immediately when GNSS measurement is finished. Even UE may finish GNSS measurement before the end of the gap, UE still can start the PDCCH monitoring and restart of the GNSS validity duration counting till the end of measurement gap. Meanwhile, the eNB can perform the corresponding process, that is, if the eNB has not received the GNSS validity duration report at the end of the measurement gap, the eNB can restart the GNSS validity duration timer on his own side at the end of the measurement gap. By this way, UE and eNB still can keep alignment on the start of GNSS validity duration counting for the new-acquired GNSS, and also the start of traffic scheduling/monitoring. 
Moreover, in order that the eNB can know when the current GNSS validity duration timer will expire, UE still needs to report the remaining GNSS validity duration once, e.g., report at any time before the next time the GNSS becomes out-of-valid. Upon receiving this information, eNB can update the timer in its side with the remaining duration value.
Proposal 2a: UE don’t need to report the remaining GNSS validity duration immediately when GNSS measurement is finished. No matter whether the UE finishes GNSS measurement before the end of the gap or not, UE can start the PDCCH monitoring and restart of the GNSS validity duration counting till the end of measurement gap. The eNB can take the corresponding process.
Proposal 2b:  UE can report the remaining GNSS validity duration at any time before the next time the GNSS becomes out-of-valid. Upon receiving this information, eNB can update the timer in its side with the remaining duration value.

By this way it doesn’t so matter the report occurs just when the GNSS measurement is finished or sometime after GNSS reacquisition. And also, the priority of this MAC CE doesn’t need to be high. Therefore, we think it’s enough to have the remaining GNSS validity duration MAC CE reported along with other UL transmission. Since the whole GNSS validity duration would be long, e.g., several seconds or minutes, we assume anyway UE would have other UL transmission and therefore find opportunity to report this MAC CE.
Proposal 3: The remaining GNSS validity duration MAC CE can be reported along with other UL transmission and no need to introduce new SR for such MAC CE report. Moreover, the priority of this MAC CE doesn’t need to be high.

Furthermore, RAN1#113 meeting has made the following agreement:
	Agreement
The UE is not required to transmit or receive any channel / signal within the aperiodic GNSS measurement gap duration before the UE reacquires GNSS successfully. 
FFS: UE’s behavior within the duration after UE reacquires GNSS successfully to the end of the gap if the UE reacquires GNSS successfully before the end of the gap.


Since RAN2 has agreed UE will trigger remaining GNSS validation duration report via MAC CE every time upon completing the GNSS fix operation, the RAN1 FFS can be clarified as that, if the UE reacquires GNSS successfully before the end of the gap, within the duration after UE reacquires GNSS successfully to the end of the gap, UE may report its remaining GNSS validity duration.
Proposal 4: The RAN1 FFS can be clarified as that, if the UE reacquires GNSS successfully before the end of the measurement gap, within the duration after UE reacquires GNSS successfully to the end of the gap, UE may report its remaining GNSS validity duration.

Remaining issue #3: Enable/disable of autonomous GNSS reacquisition
For autonomous GNSS reacquisition, RAN1 has made the following agreements in RAN1#113 meeting:
	Agreement
For NB-IoT and eMTC, at least for the case where the network configuration does not include a periodicity (if supported), for autonomous GNSS re-acquisition, the UE may re-acquire GNSS autonomously during GNSS measurement timer, the start time of the autonomous GNSS measurement timer is based on the original GNSS validity duration.
· FFS: additional delay and details of delay (if any), e.g. delay can be zero or can be equal to/larger than the duration X where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition.
· Note1: Autonomous GNSS re-acquisition mechanism is enabled or disabled by network.
· Note2: The length of GNSS measurement timer can be configured by network and the length of GNSS measurement timer is equal to the latest reported GNSS position fix time duration for measurement when the length of GNSS measurement timer is not configured.
· Note3: The autonomous GNSS re-acquisition can be periodic in certain conditions without further spec impact.


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 or after the expiration of GNSS validity duration plus a delay. It can be understood that the periodicity of such process is equal to GNSS validity duration or GNSS validity duration plus a delay.
According to RAN1 agreements, it's also possible for eNB to configure a GNSS measurement timer which can be seen as a static measurement gap for the periodical GNSS measurement (e.g., different from the dynamic measurement gap configured in each trigger in the case of eNB-triggered GNSS measurement). We understand such GNSS measurement timer can be configured along with the enable indicator. Furthermore, if no GNSS measurement timer is configured, UE can also use the latest reported GNSS position fix time duration as this GNSS measurement timer (e.g., as measurement gap for the periodical GNSS measurement).
Generally, such enable configuration 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 use 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 5a: 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.
Proposal 5b: eNB can provide a GNSS measurement timer as GNSS measurement gap for the periodical GNSS measurement along with the enable configuration for autonomous GNSS reacquisition.

Remaining issue #4: Extension of GNSS validity duration
In RAN1#113 meeting, one of the agreements is as below:
	Agreement
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.
RAN1 will decide further details of the above.


RAN1 has had some discussion on the possibility to allow UL transmission after original GNSS validity duration expires without GNSS reacquisition for some duration, e.g., at least for the case when frequency error is within frequency error requirements. RAN1 has already agreed that UL transmission can be allowed in a duration X after original GNSS validity duration expires without GNSS re-acquisition.
Per our understanding, to allow UL transmission even after expiration of GNSS validity duration is equivalent to extension of current GNSS validity duration. Since eNB can be aware of the remaining GNSS validity duration based on UE report, and eNB also can determine whether frequency error is within frequency error requirements, it’s suitable that such extended value for the original GNSS validity duration needs to be configured by eNB. Based on the configuration, the UE can update the GNSS validity duration of current GNSS position fix, e.g., the updated GNSS validity duration should be the sum of original GNSS validity duration and the extension duration configured by eNB.
Proposal 6a: To allow UL transmission in a duration after original GNSS validity duration expires without GNSS re-acquisition, eNB can configure an extension duration of GNSS validity duration to UE.
Proposal 6b: The final GNSS validity duration of current GNSS position fix should be the sum of original GNSS validity duration plus the extension duration configured by eNB.
Proposal 6c: The behaviors upon expiration of GNSS validity duration will keep unchanged no matter whether GNSS validity duration is extended by eNB or not.

GNSS reacquisition during inactive state of Connected DRX
In RAN1 previous meetings, companies has discussed the possibility of reacquiring GNSS position fix during inactive state of Connected DRX. Accordingly, in RAN2#121bise meeting, RAN2 agreed to discuss UE autonomously reacquire GNSS during inactive state of C-DRX based on RAN1’s input in the next RAN2 meeting. In RAN2#122meeting, some discussion has been made but no agreements are achieved.

When UE is configured with C-DRX, an ideal case is that the expiration of GNSS validity duration is just within the inactive state of C-DRX and the time length of inactive state is also long enough for UE to complete the GNSS position fix reacquisition. In such case, there would be no service interruption. And there is no issue for NW as NW can also know this GNSS reacquisition and see it as a normal one. 
But it’s easy to understand that since C-DRX is flexibly configured, this ideal situation would not always happen. More commonly, even if the expiration of GNSS validity duration can be within the inactive state of C-DRX, the GNSS reacquisition of UE may last till after end of inactive state, or, the expiration of GNSS validity duration occurs even after end of inactive state. In these cases, the service interruption is still unavoidable. So a possible optimization is, instead of UE starting to reacquire the GNSS when the GNSS validity duration timer expires (e.g., at T2 time point), if C-DRX is configured and UE determines that it’s possible to complete GNSS reacquisition during an inactive state of C-DRX, UE can deliberately stop the GNSS validity duration timer and start the GNSS reacquisition early (e.g., at T1, which is earlier than T2) during inactive state of C-DRX. This is shown in Figure 2.


Figure 2: Eealy start of GNSS reacquisition during inactive state of C-DRX
UE can decide when to start GNSS reacquisition as long as such GSNN measurement can be completed before end of inactive state of C-DRX. But in order that the reacquired GNSS can cover a period of time as long as possible, it’s better for UE to start GNSS reacquisition as late as possible.
Proposal 7a: If C-DRX is configured and UE determines that it’s possible to complete GNSS reacquisition during an inactive state of C-DRX, UE is allowed to start the GNSS reacquisition early during an inactive state of C-DRX, e.g., earlier than the original expiration of GNSS validity duration timer.
Since what we are talking is an early GNSS reacquisition, it means that the current GNSS is still valid when the GNSS measurement starts. Even if there is an opportunity to make use of the inactive state of C-DRX, if the validity period of current GNSS is still relatively long, there is no need to autonomously trigger GNSS acquisition too early. Therefore, in order to avoid unnecessary GNSS reacquisition, certain conditions can be set to control UE to trigger GNSS reacquisition only at suitable timing. One possible condition is that, only when the remaining validity time period of the UE’s current GNSS is less than a threshold, the UE can autonomously trigger GNSS reacquisition in the inactive state of C-DRX. This threshold can be predefined or configured by NW.
Proposal 7b: Only when the remaining validity time period of the UE’s current GNSS is less than a predefined or configured threshold, the UE can autonomously trigger GNSS reacquisition in an inactive state of C-DRX. 
Moreover, if UE is allowed to start the GNSS reacquisition early, e.g., earlier than the expiration of GNSS validity duration timer with the intention to align with the inactive state of C-DRX, the consistent understanding between UE and NW about the start of each time GNSS reacquisition would be broken. The NW cannot be aware of this and the NW will still begin to stop the scheduling for the UE at T1, which is completely unnecessary. In order to avoid such issue, UE needs to report kind of indication to inform NW about this early or temporarily GNSS reacquisition. In the following, three possible alternatives are discussed:
· One possible alternative can be that, before the UE starts to perform GNSS reacquisition, UE is required to report to the NW this early GNSS reacquisition (Alt1). Based on UE’s report, NW can also stop its GNSS validity duration timer accordingly and restart it after GNSS reacquisition. However, due to that the NW would not schedule DL or UL for the UE during the inactive state of C-DRX, it may be kind of difficult for UE to report to NW just before its GNSS reacquisition, e.g., UE may need to initiate a connected mode PRACH procedure. This may be undesired. An alternative way could be that, if UE can determine the T1 in advance, UE can inform the network about this expected early GNSS reacquisition and also the start time in future, e.g., T1, before the start of the inactive state of C-DRX. That means UE can send this report during the active state of C-DRX, for example, along with other service transmission, via RRC singling, MAC CE or L1 signaling etc. This Alt1 can be found in above Figure 3.
· There is another alternative that, UE can inform the NW after the GNSS reacquisition is finished (Alt2). However, if UE sends this report as soon as the GNSS reacquisition is finished, as it’s highly possible that UE is still in inactive state, UE needs to trigger PRACH procedure. In order to avoid PRACH procedure during inactive state, UE also can pending this report and send it after the end of the inactive state. One additional benefit is that if the GNSS validity duration changes, the updated GNSS validity duration can also be reported to the eNB, e.g., along with the indication about this early GNSS reacquisition. But the disadvantage is that, when NW receives this indication from the UE, the GNSS validity duration timer on the NW side may have already expired and the NW have stopped DL/UL scheduling for the UE for a while. As it can be assumed that the interval between the end of GNSS reacquisition and the end of the inactive state could be very short, we think this disadvantage could be small.
Based on the above discussion, technically we prefer Alt1.
Proposal 7c: UE can inform the network about the expected early GNSS reacquisition and also the start time in future, e.g., T1, before the start of the inactive state of C-DRX. In other word, UE can send this report during the active state of C-DRX along with other service transmission, via RRC singling, MAC CE or L1 signaling etc.
If Alt1 cannot be agreed, we can go for Alt2 which has already been agreed in the procedure for normal GNSS reacquisition.
[bookmark: _Hlk83889356][bookmark: _Hlk83889312]Conclusion
[bookmark: _Hlk83889481]In previous sections, the following observations and proposals were made: 
Proposal 1: RAN2 needs to introduce finer values, e.g., in unit of milliseconds, for the value range of UE remaining GNSS validation duration report.

Proposal 2a: UE don’t need to report the remaining GNSS validity duration immediately when GNSS measurement is finished. No matter whether the UE finishes GNSS measurement before the end of the gap or not, UE can start the PDCCH monitoring and restart of the GNSS validity duration counting till the end of measurement gap. The eNB can take the corresponding process.
Proposal 2b:  UE can report the remaining GNSS validity duration at any time before the next time the GNSS becomes out-of-valid. Upon receiving this information, eNB can update the timer in its side with the remaining duration value.
Proposal 3: The remaining GNSS validity duration MAC CE can be reported along with other UL transmission and no need to introduce new SR for such MAC CE report. Moreover, the priority of this MAC CE doesn’t need to be high.
Proposal 4: The RAN1 FFS can be clarified as that, if the UE reacquires GNSS successfully before the end of the measurement gap, within the duration after UE reacquires GNSS successfully to the end of the gap, UE may report its remaining GNSS validity duration.

Proposal 5a: 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.
Proposal 5b: eNB can provide a GNSS measurement timer as GNSS measurement gap for the periodical GNSS measurement along with the enable configuration for autonomous GNSS reacquisition.

Proposal 6a: To allow UL transmission in a duration after original GNSS validity duration expires without GNSS re-acquisition, eNB can configure an extension duration of GNSS validity duration to UE.
Proposal 6b: The final GNSS validity duration of current GNSS position fix should be the sum of original GNSS validity duration plus the extension duration configured by eNB.
Proposal 6c: The behaviors upon expiration of GNSS validity duration will keep unchanged no matter whether GNSS validity duration is extended by eNB or not.

Proposal 7a: If C-DRX is configured and UE determines that it’s possible to complete GNSS reacquisition during an inactive state of C-DRX, UE is allowed to start the GNSS reacquisition early during an inactive state of C-DRX, e.g., earlier than the original expiration of GNSS validity duration timer.
Proposal 7b: Only when the remaining validity time period of the UE’s current GNSS is less than a predefined or configured threshold, the UE can autonomously trigger GNSS reacquisition in an inactive state of C-DRX.
[bookmark: _GoBack]Proposal 7c: UE can inform the network about the expected early GNSS reacquisition and also the start time in future, e.g., T1, before the start of the inactive state of C-DRX. In other word, UE can send this report during the active state of C-DRX along with other service transmission, via RRC singling, MAC CE or L1 signaling etc.
References
[1] RP-223519, Revised WID: IoT (Internet of Things) NTN (non-terrestrial network) enhancements, MediaTek Inc., December 2022
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