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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 RAN1 progress, we will mainly discuss the procedure for GNSS update during connected mode and give our considerations.
[bookmark: OLE_LINK2]Background
In R17 IoT NTN, acquisition/re-acquisition of the GNSS position in the scenario of short, sporadic connections has been specified. That is, the UE may need to acquire/re-acquire 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 However, if the GNSS position becomes out-of-date while UE is in RRC_CONNECTED, the UE shall enter idle mode to re-acquire GNSS position. 
For R18 IoT NTN, re-acquisition 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 re-acquire GNSS and then continue the service transmission. 
RAN1 has had much discussion on this topic, the progress till now (from RAN1#109e) are copied below for reference:
Progress in RAN1#109e (2022.05, Online):
	Agreement
Closed loop time and frequency correction, with potential enhancements, for IoT-NTN is considered to reduce the need for UE to update GNSS position fix in long connection time.
Agreement
At least the following options can be considered on GNSS measurement in connected for potential enhancements for improved GNSS operations: 
· Option 1: UE re-acquires GNSS position fix during RLF procedure
· Option 2: UE re-acquires GNSS position fix with a new gap
Note: this does not imply that a Rel-18 IoT NTN UE is mandated to support one or both of the options.
Agreement
UE reports additional GNSS assistance information and further study the detailed GNSS assistance information, including e.g. GNSS position fix measurement time 
· Note: Since RAN1 agreed that GNSS validity duration is reported by UE in Rel-17, it is already included in GNSS assistance information.
Agreement
Further study on whether there is a need for potential enhancements on the following for long connection time
· UE triggered GNSS measurement.
· Network triggered GNSS measurement. 


Progress in RAN1#110 meeting (2022.08, Toulouse): 
	Agreement
GNSS assistance information that UE reports to eNB at least consists of:
· GNSS position fix time duration for measurement 
· GNSS validity duration 
Agreement
When eNB triggers UE to make GNSS measurements, UE re-acquires GNSS position fix
· FFS details of signalling
· FFS how UE reports GNSS assistance information after eNB trigger and the detailed content
· Note: further discuss whether a UE is expected to handle all eNB triggers


Progress in RAN1#110bis-e meeting (2022.10, Online): 
	Agreement
· Support eNB to at least aperiodically trigger UE to make GNSS measurement.
Agreement
· If eNB aperiodically triggers UE to make GNSS measurement, a MAC CE is used.
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 
Agreement
In connected mode, UE may report GNSS validation duration with MAC CE.


Progress in RAN1#111 meeting (2022.11, Toulouse):
	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 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 

FL recommendation 1:
Proponents for Closed-loop correction enhancements are encouraged to further discuss offline to get more understanding and support. This issue can discuss further in RAN1#112.
FL recommendation 2:
Proponents are encouraged to further discuss offline to get more understanding and support on the following:
· PDCCH order/DCI-based trigger signalling
· A NACK with SR can be feedback corresponding to NPDSCH carrying GNSS position fix trigger to skip eNB aperiodically trigger with MAC CE
FL recommendation 4:
Companies are encouraged to further study the relationship of reported new GNSS validity duration and completion of GNSS measurement in RRC connected.
FL recommendation 5:
Companies are encouraged to further study whether UE can autonomously re-acquire GNSS position fix during inactive state of Connected DRX from RAN1 perspective.
FL recommendation- 6.1:
Companies are encouraged to comment to align understanding on whether it is necessary for eNB to trigger UE to make GNSS measurement during a long period of downlink/uplink repetitions.
FL recommendation – 6.2:
Proponents of further potential enhancements for re-acquiring NTN SIB in addition to Rel-17, further UL segmented transmission enhancements, further repetition continuation between two NTN cells enhancements are encouraged to further discuss offline with companies to get more support.



Discussion 
Network triggered GNSS measurement
For network triggered GNSS measurement in RRC connected, RAN1 has agreed that eNB can aperiodically trigger the UE in connected mode to make GNSS measurement. Furthermore, UE in connected mode can re-acquire GNSS position fix with a gap. RAN1 also agree that aperiodic triggering of GNSS position fix by network can be with the signaling of MAC CE. But the details of gap configuration, produce for network triggered GNSS measurement and eNB/UE behaviors are still FFS.
Gap and start time of GNSS measurement
Before we start the discussion on the detailed remaining issues for network triggered GNSS measurement, we firstly have some clarification for GNSS position fix time duration.
GNSS position fix time duration is the length of total time required by the UE to acquire/re-acquire GNSS position fix and is determined by the GNSS start mode. For example, for hot start, the GNSS Position Time To First Fix (TTFF) is 1s or 2s, for warm start, the TTFF time is several seconds, and for cold start the TTFF time is 30s [TR 36.763]. Per our understanding, after the UE successfully acquires GNSS position fix before connecting to the NW, GNSS start mode can keep unchanged for the whole duration of the connection, e.g., always in hot start mode or warm start mode. So GNSS position fix time duration can also be expected to remain unchanged. During the previous discussion, there are some views that GNSS position fix time can vary dynamically based on UE characteristics (e.g. surroundings, UE speed). But based on our above understanding about GNSS start mode, we see no justification on why GNSS position fix time can vary dynamically.
RAN1 has agreed in RAN1#110bis-e meeting that UE reports GNSS position fix time duration for measurement at least during the initial access stage. RAN1 further discussed whether GNSS position fix time duration needs to be reported in connected mode. Majority companies also think GNSS position fix time duration can be stable (e.g., can be a relaxed value) and do not support to report additional GNSS position fix time duration in connected. Even RAN1 has not yet reached an agreement on this aspect and it’s still possible for companies to study whether and when GNSS position fix time duration will have obvious change, in order to move forward the discussion, we suggest RAN2 to make a working assumption that GNSS position fix time duration can keep unchanged when UE is in connected mode.
Proposal 1: Working assumption: GNSS position fix time duration can keep unchanged when UE is in connected mode.

From RAN2 perspective, we have the following understanding on the possible eNB/UE processes related to this aperiodical trigger. We mark this understanding as Option 1:
· Option 1:
· The eNB can send such trigger only once at or shortly after UE enters into the RRC connected mode. This trigger only for enabling UE to perform GNSS measurement, but does not mean that the UE needs to start GNSS measurement immediately when it receives the trigger. As time goes by, only when the GNSS validity duration expires, UE will start to re-acquire the GNSS position fix. This can be seen as a periodical re-acquisition of GNSS position fix, e.g., taking the GNSS validity duration as a periodicity.
· Such trigger also can be used by the eNB when eNB see the need to temporarily trigger the UE to re-acquire the GNSS position fix.

During the RAN1 discussion, there are some views that eNB could trigger the GNSS position fix re-acquisition (at any time) before the GNSS validity duration expires. We mark such views as Option 2 and have the following understanding on eNB/UE behaviors:
· Option 2:
· The trigger MAC CE from eNB can explicitly carry the gap and the start time for GNSS measurement. The start time of the measurement also can be calculated based on some configured parameters and certain given formula (e.g., as mentioned in [R1-2210875], after subframe  , where  is the subframe where the UE would transmit a HARQ-ACK for the NPDSCH carrying the trigger MAC CE). It is eNB’s implementation to configure the start position and duration of the measurement gap.
· Each trigger would requires the UE to perform GNSS measurements during the configured measurement gap. Accordingly, the eNB would stop scheduling UEs during this measurement gap.
· Moreover, the UE may autonomously re-acquire the GNSS position fix (e.g., during the C-DRX period). Then it may be possible that UE finds the existing GNSS information can still be used for a certain period when it receives the trigger. Therefore, company think it would be beneficial to allow UE to skip (some of) GNSS measurements triggered by eNB. As company have the assumption that each trigger would corresponds to a GNSS measurement, if UE wants to skip a GNSS measurement, the UE needs to inform eNB about this skip, e.g., a NACK feedback to the NPDSCH carrying the trigger MAC CE and together with an SR to request a GNSS validity duration update.

In the following Figure 1, we give a briefly comparison of Option 1 and Option 2:


Figure 1.
Based on the above graphical analysis, we see the following unnecessary complexities for Option 2:
1) In Option 1, GNSS position fix time duration can be seen as an implicit measurement gap. According to RAN1 agreement and Proposal 1, we assume this value is stable. UE and eNB can always keep same understanding on this implicit measurement gap after UE reports GNSS position fix time duration to eNB during the initial access stage (e.g., via Msg5). Meanwhile, in Option 2, measurement gap is explicitly and dynamically configured via the trigger MAC CE. When the eNB configures this gap value, it not only needs to consider the required time length for measurement, but also consider how to align with the configuration for start time of measurement. So this explicit measurement gap would inevitably be longer than the GNSS position fix time duration. It's easy to understand that, the longer the configured measurement gap is than GNSS position fix time duration, the more transmission interruption caused by Option 2 than the interruption caused by Option 1. 
2) Even Option 2 may have the benefit of flexible configuration of measurement gap, the cost would be the signaling overhead of large trigger MAC CEs (including measurement gap configuration in each trigger)
3) In Option 2, it may cause “early re-acquisition” issue (e.g., GNSS re-acquisition before the GNSS validity duration expires). We cannot see the necessity of this process. Since as long as GNSS position fix is valid, the UE can perform normal service transmission. Why UE needs to perform GNSS measurement when GNSS is still valid? Moreover, it may be also difficult for the eNB to decide how much “early” is appropriate, then a “too early” trigger may occur which is not desired. Such “too early” trigger may further cause unnecessary delay for some user data, e.g., the Data-3 in Option 2 in above Figure 1. 
4) Since there is assumption in Option 2 that every trigger would cause GNSS measurement, we can understand the need of skipping scheme for this Option 2. However, we think this complicated and signaling inefficient skipping scheme obviously can be avoided if Option 1 can be adopted, e.g., based on the consistent understanding on GNSS position fix time duration (implicit gap) and the time point when the GNSS validity duration expires (implicit start time of measurement), eNB can stop/restart scheduling exactly while UE starts to perform/finishes GNSS measurements.
Based on the analysis in above 1) and 2), we give the following proposal 2:
Proposal 2: GNSS position fix time duration can be used as implicit measurement gap and it’s no need for NW to explicitly configure measurement gap in the trigger MAC CE.
Based on the analysis in above 3) and 4), we give the following proposal 3:
Proposal 3: Expiration of GNSS validity duration can be used as implicit start time of GNSS measurement. It’s no need for NW to explicitly configure the start time of GNSS measurement or the parameters for calculating start time of GNSS measurement in the trigger MAC CE.

Fallback when no reception of eNB trigger 
In RAN1, there was some discussion that, if UE does not receive eNB trigger to make GNSS measurement, a new GNSS measurement timer can be defined as a fallback mechanism. The main purpose of this scheme is to prevent a UE from going to IDLE mode in case it doesn’t receive a command in time, and/or misses a command and GNSS validity has expired. In order word, even if UE does not successfully receive the eNB trigger, e.g., due to detection failure, UE still has the opportunity to keep UL synchronization instead of directly go to IDLE mode.
Based on this discussion, RAN1 has agreed that the UE may re-acquire GNSS autonomously (when configured by the network) if UE does not receive eNB trigger to make GNSS measurement.
According to our assumption on eNB/UE behaviors (Option 1) in section 3.1.1, we can see that the eNB only needs to send the trigger MAC CE once, and subsequently, the UE can autonomously reacquire GNSS when needed and for several times. The start time of GNSS reacquisition is determined by GNSS validity duration and measurement gap is determined by GNSS position fix time duration. UE doesn’t need to rely on the trigger of the network side every time it reacquires GNSS. This would greatly reduce the risk and impact of loss of eNB trigger (compared with that for Option 2 where trigger is needed for every time it reacquires GNSS) loss. Therefore, from RAN2 perspective, we almost cannot see the need for a fallback scheme. In other word, we also can think Option 1 has already implemented the intention of this fallback scheme as UE can autonomously reacquire GNSS after it’s enabled by eNB trigger.
Observation 1: Option 1 in section 3.1.1 can greatly reduce the risk and impact of loss of eNB trigger. In other word, Option 1 has already implemented the intention of the fallback scheme as UE can autonomously reacquire GNSS after it’s enabled by one eNB trigger.
Moreover, for the first trigger from eNB, we think it should be mandatorily needed. As we think GNSS reacquisition during connected mode is optional, only when both eNB and UE support this function, UE can perform GNSS reacquisition during connected mode. Therefore, the first trigger to enable this function is necessary. In other word, if UE hasn’t received any trigger after it enters connected mode (and eNB hasn’t received the ACK for the trigger), UE and eNB would follow same understanding that this UE will not perform GNSS reacquisition during connected mode.
Observation 2: If UE hasn’t received any trigger after it enters connected mode (and eNB hasn’t received the ACK for the trigger), UE and eNB would follow same understanding that this UE will not perform GNSS reacquisition during connected mode.
During RAN1 discussion, there was also a proposal that if UE does not receive a trigger from the eNB to make GNSS measurements, the UE can transmit a request to the eNB (before expiry of the GNSS validity duration). According to our observation 2, we see such request for trigger is unnecessary. Moreover, since the missing of eNB trigger generally occur when the radio quality is bad, we see the risk of this request being lost is also high. Therefore, sending such request is useless and cause unnecessary UE power consumption.

Condition for GNSS reacquisition in connected mode
Even UE can be enabled by eNB trigger to perform GNSS reacquisition in connected mode, we assume there is still some condition that need to be fulfilled. 
Considering for IoT NTN, simultaneous GNSS and NB-IoT/eMTC operation is not assumed, UE couldn’t monitor the downlink radio link when performing GNSS position fix re-acquisition. The missing samples in RLM during GNSS position fix re-acquisition may trigger out-of-sync indication from PHY to RRC, and even finally trigger a RLF, especially for cell edge UE.
To be specific, if the evaluation period for out-of-sync indication is less than the GNSS position fix time duration, when UE re-acquires GNSS, at least one out-of-sync indication would be initiated. For example, for eMTC UE with DRX cycle 0.04s, if it needs 2s of GNSS position fix time duration, the evaluation period (e.g. 0.8s) is less than GNSS position fix time duration. When UE re-acquires GNSS, many out-of-sync indications would be initiated, and it’s highly possible that RLF would be finally triggered. In such case, to use Option 2 may be worse than the Option 1.
In a summary, in order to avoid the RLF after UE re-acquires GNSS, we prefer that, only if the out-of-sync evaluation period is longer than the GNSS position fix time duration, UE could re-acquire GNSS position fix with a new gap, e.g., within GNSS position fix time duration. If such condition cannot be fulfilled, UE can firstly trigger RLF and re-acquires GNSS position fix during RLF procedure.
Proposal 4: For R18 IoT NTN, if the out-of-sync evaluation period is longer than the GNSS position fix time duration, UE could reacquire GNSS position fix within GNSS position fix time duration. Otherwise, UE can firstly trigger RLF and re-acquires GNSS position fix during RLF procedure.
Reacquire GNSS position fix during inactive state of Connected DRX
During RAN1 discussion, there was some discussion about the possibility of reacquiring GNSS position fix during inactive state of Connected DRX. Companies have given some briefly analysis that, according to the current design of C-DRX timer, the maximum duration of DL/UL idle period is 32 PDCCH periods and the maximum PDCCH periods is 64 times of the duration required for the maximum repetition number. The corresponding DL/UL idle period can be as long as 1310s. During the inactive state, UE is not required to transmit and receiving, including system information and paging. Therefore, UE (especially for the UE in GNSS hot start) can perform GNSS reacquisition autonomously and also be able to finish the GNSS reacquisition before UE enters into active state.
It's easy to understand that GNSS reacquisition during inactive state of C-DRX can avoid the possible service transmission interruption. Pease note, the GNSS reacquisition upon expiration of GNSS validity duration would inevitably cause service transmission interruption. Therefore, we also support this function.
Proposal 5: UE is supported to autonomously reacquire GNSS during inactive state of C-DRX.
From RAN2 perspective, there is still some details to be discussed:
· Firstly, in order to maintain the benefit of avoiding the possible service transmission interruption, only when the UE ensures that it can finish GNSS reacquisition during inactive state of C-DRX, UE can perform this time GNSS reacquisition. Otherwise, UE would skip this C-DRX opportunity.
· Secondly, the ideal case is that the expiration of GNSS validity duration is just aligned with the start of inactive state of C-DRX and the time length of inactive state is just equal to or greater than GNSS position fix time duration (e.g., the implicit measurement gap). But it’s easy to understand that since C-DRX is flexibly configured, this ideal situation would not always happen. So a possible optimization is, even the GNSS validity duration has not expired when the inactive state of C-DRX starts, as long as the UE can ensure the time length of inactive state is long enough, the UE can start the GNSS reacquisition a bit early, e.g., earlier than the expiration of GNSS validity duration.
· Thirdly, it should be noted that eNB cannot be aware of UE’s GNSS reacquisition during an inactive state of C-DRX. If the expiration of GNSS validity duration is just aligned with the start of inactive state of C-DRX, there is no issue as eNB can also know this GNSS reacquisition and see it as a normal one. But if the UE starts the GNSS reacquisition a bit early, e.g., earlier than the expiration of GNSS validity duration in order to align with the inactive state of C-DRX (as mentioned in above second bullet), the consistent understanding between UE and eNB about the start of each time GNSS reacquisition would be broken. In order to avoid such issue, UE needs to report kind of indication to inform eNB about this “temporarily” GNSS reacquisition.
Proposal 6: UE may need to report kind of indication to inform eNB about a “temporarily” GNSS reacquisition which is performed during an inactive state of C-DRX.
GNSS assistance information reported by UE
GNSS position fix time duration
In RAN1#110bis-e, RAN1 has agreed that UE reports GNSS position fix time duration for measurement at least during the initial access stage. RAN1 further indicated that, which message carries this information is up to RAN2. As UE can determine this value when it acquires GNSS position fix before accessing the NW and eNB needs to know this GNSS position fix time duration before the first time that GNSS position fix becomes invalid in connected mode, the Msg5 would be the suitable option for reporting this GNSS position fix time duration information.
Proposal 7a: It’s suggested to introduce GNSS position fix time duration in the following Msg5 messages: RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCreestablishmentComplete, RRCConnectionReconfigurationComplete, RRCConnectionSetupComplete-NB, RRCConnectionResumeComplete-NB, RRCreestablishmentComplete-NB. 
In RAN1 discussion, there was a view that UE can report the GNSS position fix time duration, including those for hot, warm and cold mode respectively, in the message of UECapabilityInformation-NB together with the support of GNSS position fix during connection. Moreover, the minimum value of measurement gap reported by UE can be zero, implying the capability of simultaneous cellular and GNSS operation.
Per our understanding, such UE capability report can only inform eNB of the UE capabilities about GNSS start mode, but the eNB still cannot exactly know which GNSS start mode is using by the UE and what the corresponding GNSS position fix time duration for the current connection is. Therefore we still think that using Msg5 to report the current GNSS position fix time duration value is more appropriate than reporting the whole UE capability on GNSS start modes. 
Proposal 7b: It’s no need for UE to report all GNSS position fix time duration for different GNSS start modes via UE capability report procedure.
In RAN1 discussion, there was also a view that in connected mode, if the current value has changed since the previous report during initial access, UE may also optionally report GNSS position fix time duration via a new GNSS acquisition assistance information MAC CE. Moreover, such GNSS assistance information MAC CE is at least sent upon NW request. 
Per our understanding, since GNSS position fix time duration is mainly related to the GNSS start mode in UE, we don’t see the possibility that the eNB can learn about the change in the GNSS position fix time duration and therefore, we see no reason to let eNB request the report of this value in connected mode.
Proposal 7c: It’s no need for eNB to request UE to report GNSS position fix time duration in connected mode.
Moreover, with the assumption in Proposal 1 that GNSS position fix time duration could be stable, it can make sure that UE and eNB always have a consistent understanding of how long it will take for UE to reacquire GNSS position fix each time the GNSS validity duration expires. Therefore, we also don't see a need for UE to re-report autonomously this value in connected mode. 
Proposal 7d: It’s no need for UE to report GNSS position fix time duration in connected mode.
GNSS validity duration
GNSS validity duration corresponds to the length of time that the GNSS position fix value remains valid.
In R17 IoT NTN, the GNSS remaining time has been introduced and UE needs to report this information to the network in Msg5, to facilitate suitable network operations. For example, with knowledge of GNSS remaining time, eNB may release the UE before the GNSS validity duration expires (e.g., GNSS remaining time runs out). Such process can avoid that UE quietly goes off the network (back to idle mode by itself without any notification to network) once GNSS validity duration expires.
For R18 IoT NTN, UE can reacquire the GNSS position fix in connected mode, no need to back to idle mode. Moreover, after reacquisition of the GNSS, UE will restart the counting of validate duration for GNSS position fix. According to our discussion on network triggered GNSS measurement in section 3.1, it can be seen that eNB should keep a consistent understanding with UE on the GNSS validity duration in order that eNB can know exactly the start time point when the UE will reacquire GNSS next time.
However, it should be noted that in current specification, the only information that the eNB has is the previous GNSS remaining time information reported by the UE in Msg5. Then eNB and UE cannot be aligned anymore as eNB has no idea of the whole GNSS validity duration after the first time GNSS reacquisition. 
Observation 3: After reacquisition of the GNSS in connected mode, UE will restart the counting of GNSS validity duration with the length of the whole GNSS validity duration. Then eNB and UE cannot be aligned anymore as eNB has no idea of the whole GNSS validity duration after the first time GNSS reacquisition.
For addressing this issue, the straightforward way is to let UE also report the whole GNSS validity duration to the network. Previously, we have the understanding that this value is also determined by UE’s implementation (e.g., related to UE capability) and can be unchanged, then we think UE only needs to report once, e.g., via Msg5 during initial access stage.
However, during the previous RAN1 discussion, there was also the views that GNSS validity duration may be changed when there is a big change of UE velocity. We see this may be where GNSS validity duration and GNSS position fix time duration are not the same. And we also understand this is one reason that RAN1 agree that UE (in connected mode) may report GNSS validity duration with MAC CE. Therefore, RAN2 can confirm the RAN1 agreement and introduce a new MAC CE for UE to report the updated GNSS validity duration.
As we assume such change of GNSS validity duration may seldom happen, we think the report of the whole GNSS validity duration via Msg5 still can be baseline (since this report has no additional cost). UE make use of MAC CE to report the updated value only when it’s really needed, e.g., no need to report after each time GNSS reacquisition.
Proposal 8a: It’s suggested to introduce a whole GNSS validity duration in the following Msg5 messages: RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCreestablishmentComplete, RRCConnectionReconfigurationComplete, RRCConnectionSetupComplete-NB, RRCConnectionResumeComplete-NB, RRCreestablishmentComplete-NB. 
Proposal 8b: RAN2 also confirms to introduce a new UL MAC CE for UE to report the updated GNSS validity duration in connected mode.
There was also a thinking that UE report of updated GNSS validity duration can be triggered by the request from eNB, with similar reason that eNB cannot be aware of the change of GNSS validity duration, we see no any need of such request from eNB.
Proposal 8c: It’s no need for eNB to request UE to report updated GNSS validity duration in connected mode.
[bookmark: _GoBack]Based on the discussion in section 3.1 and section 3.3, we give the following basic procedure for UE/eNB to reacquire GNSS position fix in connected mode (no consideration on GNSS reacquisition during inactive state of Connected DRX):


Figure 2.
[bookmark: _Hlk83889356][bookmark: _Hlk83889312]Conclusion
[bookmark: _Hlk83889481]In previous sections, the following observations and proposals were made: 
Proposal 1: Working assumption: GNSS position fix time duration can keep unchanged when UE is in connected mode.
Proposal 2: GNSS position fix time duration can be used as implicit measurement gap and it’s no need for NW to explicitly configure measurement gap in the trigger MAC CE.
Proposal 3: Expiration of GNSS validity duration can be used as implicit start time of GNSS measurement. It’s no need for NW to explicitly configure the start time of GNSS measurement or the parameters for calculating start time of GNSS measurement in the trigger MAC CE.

Observation 1: Option 1 in section 3.1.1 can greatly reduce the risk and impact of loss of eNB trigger. In other word, Option 1 has already implemented the intention of the fallback scheme as UE can autonomously reacquire GNSS after it’s enabled by one eNB trigger.
Observation 2: If UE hasn’t received any trigger after it enters connected mode (and eNB hasn’t received the ACK for the trigger), UE and eNB would follow same understanding that this UE will not perform GNSS reacquisition during connected mode.

Proposal 4: For R18 IoT NTN, if the out-of-sync evaluation period is longer than the GNSS position fix time duration, UE could reacquire GNSS position fix within GNSS position fix time duration. Otherwise, UE can firstly trigger RLF and re-acquires GNSS position fix during RLF procedure.

Proposal 5: UE is supported to autonomously reacquire GNSS during inactive state of C-DRX.
Proposal 6: UE may need to report kind of indication to inform eNB about a “temporarily” GNSS reacquisition which is performed during an inactive state of C-DRX.

Proposal 7a: It’s suggested to introduce GNSS position fix time duration in the following Msg5 messages: RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCreestablishmentComplete, RRCConnectionReconfigurationComplete, RRCConnectionSetupComplete-NB, RRCConnectionResumeComplete-NB, RRCreestablishmentComplete-NB. 
Proposal 7b: It’s no need for UE to report all GNSS position fix time duration for different GNSS start modes via UE capability report procedure.
Proposal 7c: It’s no need for eNB to request UE to report GNSS position fix time duration in connected mode.
Proposal 7d: It’s no need for UE to report GNSS position fix time duration in connected mode.

Observation 3: After reacquisition of the GNSS in connected mode, UE will restart the counting of GNSS validity duration with the length of the whole GNSS validity duration. Then eNB and UE cannot be aligned anymore as eNB has no idea of the whole GNSS validity duration after the first time GNSS reacquisition.
Proposal 8a: It’s suggested to introduce a whole GNSS validity duration in the following Msg5 messages: RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCreestablishmentComplete, RRCConnectionReconfigurationComplete, RRCConnectionSetupComplete-NB, RRCConnectionResumeComplete-NB, RRCreestablishmentComplete-NB. 
Proposal 8b: RAN2 also confirms to introduce a new UL MAC CE for UE to report the updated GNSS validity duration in connected mode.
Proposal 8c: It’s no need for eNB to request UE to report updated GNSS validity duration in connected mode.
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