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1	Introduction
The release 18 work item RP-223519, on IoT support of non-terrestrial networks includes the following objective
	 Study and specify needed improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1, RAN2]



In release 17, the work was limited to short and sporadic connection and therefore it was feasible that a UE upon GNSS validity timer expiry could move to RRC Idle mode. However, the release 18 work will address the broader use case of long connection time. Therefore, it is important to consider how the UE can obtain a new GNSS-based position fix during the long connection. It is also good to note that the simultaneous use of GNSS and IoT operation is not assumed as was also the case in release 17.
On top of the agreements reached in RAN1 and RAN2, in this contribution, we provide our view on the improved GNSS operations for IoT NTN from RAN2 point of view. 
2	Discussion
2.1	GNSS measurement gap and measurement timer configuration
RAN1 agreed UE can re-acquire GNSS position fix with a gap and the GNSS measurement gap can be aperodically triggered by eNB. Furthermore, RAN1 agreed autonomous GNSS measurement. i.e., UE can autonomously perform GNSS re-acquisition within autonomous GNSS measurement timer if the UE does not receive the eNB triggered aperiodic GNSS measurement while the GNSS validity duration expires. 
	RAN1 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.

RAN1 Agreements:
· 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 

· 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
RAN1 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.
RAN1 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
RAN1 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.
RAN1 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

RAN2 Agreement
7. UE autonomously trigger GNSS measurement can be configured via RRC dedicated signalling



For the autonomous GNSS re-acquisition, it was agreed by RAN1 that the mechanism can be enabled or disabled by network. Based on RAN2 agreement, the mechanism can be configured via RRC dedicated signalling. Therefore, we propose to introduce a flag in dedicated RRC message to indicate whether autonomous GNSS re-acquisition is enabled or disabled by network. 
Proposal 1: Introduce a flag in RRC dedicated signalling to indicate whether autonomous GNSS re-acquisition mechanism is enabled or disabled by network. The flag can be configured for eMTC and NB-IoT separately.
The time length for GNSS measurement can be configured as GNSS measurement gap in aperiodic GNSS measurement or as GNSS measurement timer in autonomous GNSS measurement.  RAN2 is asked by RAN1 to decide whether separate configurations are needed for the GNSS measurement gap and the GNSS measurement timer, and whether the configuration is by RRC or MAC CE.  
As indicated by RAN1, the start of GNSS measurement gap and GNSS autonomous measurement timer is different. However, the motivation to introduce the gap or the timer is the same and the supported component values for the gap and timer is the same as well. Hence, for simplicity, we think the same configuration can be used to configure GNSS measurement gap and measurement timer.
Proposal 2: Same configurations can be used to configure GNSS measurement gap (for aperiodic GNSS measurement) and GNSS measurement timer (for autonomous GNSS measurement).
On the GNSS measurement gap/timer length configuration, RAN1 agreed two options:
· Option1: Network configure the length of GNSS measurement gap/timer. 
· Option2: UE implicitly decide the length of the GNSS measurement gap/timer when the length is NOT configured by network. (i.e., gap/timer length is equal to the latest reported GNSS position fix time duration)
For Option1, network can configure the value based on  the UE reported GNSS position fix time duration. Out of the component values [1,2,3,4,5,6,7,13,19,25,31] seconds defined by RAN1, network can indicate one value to be used by UE via a 4-bit field. According to RAN2-123 agreement, new DL MAC CE is introduced to trigger connected UE to perform GNSS measurement. The 4-bit MAC CE can be used as index to inform UE the GNSS measurement gap/timer length.
Proposal 3: Introduce a 4-bit MAC CE to configure the GNSS measurement gap length for aperiodic GNSS measurement and the GNSS measurement timer length for autonomous GNSS measurement. 
For option2, it is beneficial to save the Uu interface signalling since there is no dedicated UE-specific signalling required to inform the length to UE. The UE and network should implicitly use the latest reported GNSS position fix time duration as the length of GNSS measurement gap/timer. 
Observation 1: If the length of GNSS measurement gap/timer for GNSS re-acquisition is not configured by network, the length is implicitly indicated by latest reported GNSS position fix time duration which is beneficial to save the Uu interface signalling. 
No matter for option1 and option2, the eNB should determine the gap/timer length to be used by UE based on the UE reported GNSS position fix time duration. The eNB should guarantee the gap/timer length is long enough to accommodate the UE required GNSS position fix time duration to complete the GNSS measurement within the gap/timer. However, the eNB may not support the UE reported GNSS position fix time duration (e.g., 25 and 31 seconds). The typical case would be the limited cell coverage time which can be provided by a satellite. For example, a cell diameter of 50 km will result in a maximum coverage time of about 6.6 seconds (see excerpted table 7.3.2.1.4-1 from TR38.821 as below) therefore it is not reasonable to configure a GNSS measurement gap/timer with values more than 7 seconds. 
Table 7.3.2.1.4-1: Time to HO for min/max cell diameter and varying UE speed
	Cell Diameter Size (km)
	UE Speed (km/hr)
	Satellite Speed (km/s)
	Time to HO (s)

	50 (lower bound)
	+500
	7.56*
	6.49

	
	-500
	
	6.74

	
	+1200
	
	6.33

	
	- 1200
	
	6.92

	
	Neglected
	
	6.61

	1000 (upper bound)
	+500
	
	129.89

	
	-500
	
	134.75

	
	+1200
	
	126.69

	
	- 1200
	
	138.38

	
	Neglected
	
	132.28



Observation 2: The eNB may only support a subset of the measurement gaps corresponding to the subset of the GNSS position fix time durations defined by RAN1, due to limited cell coverage time.
In the scenario where the UE has a position fix time duration which is longer than the measurement gap/timer supported by the eNB (e.g., UE position fix time duration is 31 seconds while the maximum supported gap/time length is 6 seconds), it is not possible to configure the gap/timer to accommodate the UE required GNSS position fix time duration to complete the GNSS measurement within the gap/timer. In this case, we think the UE should follow Rel-17 GNSS behaviour. Not only the GNSS measurement should not be triggered by the eNB but also the autonomous GNSS measurement should not be performed by UE. Instead, UE should go to RRC idle when the remaining validity duration expired.
Proposal 4a: UE should follow Rel-17 GNSS behaviour if the UE required GNSS position fix time duration is longer than the maximum measurement gap/timer supported by the eNB. 
Proposal 4b:  If the UE required GNSS position fix time duration is longer than the maximum measurement gap/timer supported by the eNB,  UE should not perform the aperiodic GNSS measurement and autonomous GNSS measurement in RRC Connected state. UE should go to RRC idle when the remaining validity duration expired.
In order to facilitate the UE to decide whether the UE required GNSS position fix time duration is longer than the measurement gap/timer supported by the eNB, the eNB shall inform the UE of the supported measurement gap(s)/timer(s). Since the supported GNSS measurement gap/timer is a cell-specific information, we propose it should be provided to UE via SIB.
Proposal 5: The eNB shall inform the UE of the supported GNSS measurement gap(s)/timer(s) via SIB. 

2.2	GNSS validity duration extension
At RAN1#113 the following was agreed:
	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.


At RAN#114 it was further agreed:
	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.



Thus RAN1 has agreed the UE is allowed to continue uplink transmissions during the X, but it is FFS whether the extension also results in extending the original GNSS validity duration. This has implications for RAN2, because RAN2 has previously agreed the UE location can be used to trigger mobility procedures in RRC Connected: 
	Agreement at RAN2#119bis
· For eMTC over NTN, for both earth-moving and earth-fixed cell scenarios, we introduce location based CHO triggering events
Agreement at RAN2#120
· For eMTC NTN, introduce a location-based conditional reconfiguration trigger based on condEventD1 in NR, where the event will be satisfied if the distance between the UE and a first reference location (e.g. within the serving cell) is above a threshold, and the distance between the UE and a second reference location (e.g. within a neighbour cell) is below a threshold. (similar to condEventD1 in NR)
· FFS whether time and location-based trigger conditions may be configured independently (i.e., without a jointly configured event A4 measurement condition) for eMTC NTN.
Agreement at RAN2#121
· Location-based connected mode measurement initiation is supported in quasi-Earth-fixed cell (UE is not required to update the GNSS location for this). A serving cell reference location and a distance threshold/radius for detecting when to trigger connected mode measurements will be broadcast for quasi-Earth-fixed cell. FFS on whether the R17 IEs are reused or not. FFS if the same mechanism can also be used in idle (like in NR-NTN)
· Location-based connected mode measurement initiation is supported in earth-moving cell (UE is not required to update the GNSS location for this). A serving cell reference location and a distance threshold/radius for detecting when to trigger connected mode measurements will be broadcast for earth-moving cell. FFS on whether the R17 IEs are reused or not. FFS on whether additional information needs to be broadcast to inform the UE how the reference location moves over time or if this can be derived from other information (e.g. Epoch time and ephemeris). FFS if the same mechanism can also be used in idle (like in NR-NTN)
Agreement at RAN2#122
· R18 location and time based trigger for measurements (for connected mode and for idle) apply to both NB-IoT and eMTC.
Agreement at RAN2#123
· For CHO in NTN (both NR NTN and eMTC NTN, time and location-based trigger conditions may be configured independently (i.e., without a jointly configured measurement condition). We add a description/note saying in which scenarios this is reasonable, e.g. at least hard-switch case where gap is assumed to be zero/negligible



Currently the UE behaviour related to such location-based triggering of mobility procedures is unclear based on the RAN1 agreement. If the duration X results in extension of the GNSS validity duration does it then mean the UE can use the old location for the mobility procedures or not? And if the duration X does not result in extension of the GNSS validity duration does it then mean the UE cannot apply location-based mobility?
In our view, the UE should not be allowed to use the old location, when the duration X for UL transmission is applied. The reason is that the network may be compensating for UE by use of Timing Advance Commands to maintain proper UE transmit timing, but this will not impact the UE location. Therefore, there is a risk that the UE is making incorrect decisions based on the outdated UE location.
Proposal 6: Extend the duration for UL transmission by X but refer to the original GNSS validity duration for location-based mobility.
When such location-based mobility is not possible due to the UE not having a valid GNSS location, the UE could fall back to perform time- or radio-based mobility if configured. 
Observation 3: When location-based mobility is not possible during the extended duration X for UL transmission the UE can rely on time- or radio-based mobility if configured.
However, the RAN2#123 agreement on mobility quoted above defines location-based trigger conditions can be configured without jointly configuring radio measurements. If this “radio-less” configuration is combined with the eNB extending the duration where UL transmission is allowed the UE would not be able to trigger mobility events during X. Instead, the UE would have to wait to obtain a new GNSS position fix or rely on RLF to trigger cell reselection.
Observation 4: If the location-based mobility is not configured jointly with radio-based measurements the UE cannot trigger mobility events during the extended duration X for UL transmissions.
Regarding the implementation of the RAN1 agreement the timeAlignmentTimer is already configurable by RRC. What is missing is a feature enabler to allow the network to define whether the UL transmission is allowed during the duration X. It is unclear whether such an indication requires dynamic or more static signaling. In addition, when the timeAlignmentTimer is infinity the network should also be able to configure the value Y. This could be via RRC as it seems a rather static value.
Proposal 7: RAN2 to define a flag to enable the feature of allowing UL transmission during duration X. The enabling flag is provided via RRC.
Proposal 8: RAN2 to define the duration Y, for duration X when timeAlignmentTimer=infinity, is configured via RRC.
2.3	UE behaviour after successful GNSS measurement
After the successful GNSS measurement gap, despite of the GNSS validity duration report, an additional important aspect is how the UE performs uplink transmission since the UE will apply the new GNSS information instead of the previous one for TA pre-compensation. One option, with high signalling overhead, is to require the UE always performs the Random Access procedure to obtain a new Timing Advance N_TA. Alternatively, RAN2 can discuss whether the UE can reuse the previous N_TA such that the UE can skip the Random Access procedure and instead transmit a Scheduling Request or directly transmit in a scheduled uplink resource. 
The previous N_TA may be applicable in scenarios where the UE mobility is limited. In NTN deployments, two additional TA components were added to the UE operation: a) N_TA,adj_common for the compensation of common delay and b) N_TA,adj_UE for the UE service link-specific component relative to the distance between UE and satellite. N_TA,adj_common is not related with UE’s GNSS location while N_TA_UE,adj is determined using the serving satellite position and UE’s own GNSS position. Therefore, the reuse of the previous N_TA could be conditioned on whether the new UE position is different from the previous UE position. If the UE position is similar before and after the GNSS measurement, it seems UE can reuse the previous N_TA.
Proposal 9: Upon a successful GNSS measurement, UE is allowed to reuse the previous N_TA if the new UE position is similar to the previous UE position.
As discussed in the measurement triggering, the network may configure a GNSS gap duration which is long enough to accommodate the UE required GNSS position fix time duration. From UE’s point of view, the UE may complete the GNSS measurement far before the end of the network configured measurement gap e.g., due to change of the GNSS propagation conditions, which would shorten the GNSS position fix time duration that the UE is not required to update even if it changes. However, the network may not know exactly when the UE finished the GNSS re-acquisition. As no scheduling is expected during the measurement gap, part of the gap length (up to 31 seconds to cover GNSS fix time) may be wasted and lead to increased communication latency. Therefore, RAN2 can discuss whether the UE should inform network about the completion of the GNSS measurement before the end of the corresponding NW-configured GNSS measurement gap.
At RAN#114 it was agreed that the UE is allowed to transmit a contention-based RA within the aperiodic GNSS measurement gap to request uplink resources to report the new remaining GNSS validity.
	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.



The CBRA can applied as a Scheduling Request in NB-IoT, when specific PRACH resources are assigned as SR. However, the eMTC is relying on PUCCH resources to transmit SR, and with fallback to PRACH if there are no configured SR resources on PUCCH. Using the configured PUCCH resource to transmit SR in order to report the GNSS validity duration is more efficient than PRACH to avoid RACH collision. Furthermore, it can also save the latency for the reporting. Therefore, we propose at least the eMTC UE is allowed to transmit SR before the end of the GNSS measurement gap to provide the new GNSS validity duration.
Proposal 10: UE can transmit a SR to the network to inform about the completion of the GNSS measurement before the end of the corresponding NW-configured GNSS measurement gap.
2.4	UE behaviour upon GNSS measurement failure
If UE failed to re-acquire GNSS position fix within the autonomous GNSS measurement timer or the aperiodic GNSS measurement gap, RAN1 reached below agreements.
	RAN1 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
RAN1 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.



For autonomous GNSS measurement, if UE failed to re-acquire GNSS position fix within autonomous GNSS measurement timer, from RAN1 perspective UE should go to RRC idle after the autonomous GNSS measurement timer. Since the autonomous GNSS measurement is triggered when the original GNSS validity duration expires and the duration X (if any) expires, after the timer expires the unsuccessful GNSS measurement means the GNSS is invalid. Therefore, when the autonomous GNSS measurement timer expires, it is reasonable to let UE go to RRC IDLE.
Proposal 11: For autonomous GNSS measurement, if UE failed to re-acquire GNSS position fix within autonomous GNSS measurement timer, UE goes to RRC IDLE after autonomous GNSS measurement timer expires.
For GNSS measurement triggered by network with the configured measurement gap, if UE failed to re-acquire GNSS position fix within the GNSS measurement gap, from RAN1 perspective UE goes to IDLE mode after the end of GNSS measurement gap. However, the end of GNSS measurement gap does not mean the UE’s validity duration expired. UE may still stay in RRC connected state if the UE’s validity duration is far before the expiration. It is more efficient to keep UE in connected state since network may configure the other measurement gap for further GNSS measurement instead of releasing the UE to idle. Therefore, RAN2 can further discuss UE behaviour upon GNSS measurement failure during measurement gap.
Proposal 12: For aperiodic GNSS measurement triggered by eNB, if UE failed to re-acquire GNSS position fix within GNSS measurement gap, RAN2 to further discuss whether UE should stay in RRC Connected before GNSS becomes invalid.
If there is neither network aperiodically trigger nor network configuration of UE autonomously GNSS measurement, RAN2 agreed that UE moves to RRC_IDLE after GNSS becomes invalid. It is FFS how to decide GNSS valid or invalid considering duration X and Y. In our understanding, since RAN1 agreed to extend the duration for UL transmission by duration X, the UE should not go to RRC_IDLE during the duration X.
	RAN2 Agreement
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.



Proposal 13: If neither aperiodic GNSS measurement triggered nor autonomous GNSS measurement configured, UE moves to RRC Idle after the original GNSS validity duration plus X (if configured) expires.

2.5	Interworking with C-DRX and configured PDCCH search space gap (natural gap)
At RAN2-123, the following was agreed:
	RAN2 agreement:
· UE can autonomously start GNSS measurement during the inactive state of C-DRX.
· The exact time of starting GNSS measurement during the inactive state of C-DRX can be left for UE implementation.
· 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



During the inactive state of C-DRX, it is UE’s implementation to decide the exact time to start the autonomous GNSS measurement. However, it is not clear the expected UE’s behaviour after UE completes the GNSS measurement successfully. To inform the latest GNSS validity duration to network, the UE may either trigger RACH/SR immediately upon completing the GNSS fix duration (even UE is in DRX inactive time) or delay the GNSS validity duration report before UE enters the DRX active time. In our understanding, the latter option seems more power efficient because the UE may have no data to transmit during the DRX inactive period. Therefore, there is no need to trigger the RACH/SR for the validity duration reporting immediately upon the GNSS measurement and ask the UE to go to DRX active state. Instead, UE may delay the RACH/SR triggering upon an offset before UE enters DRX active time triggered by DRX timers.   
Proposal 14: For GNSS measurement autonomously started during the inactive state of C-DRX, if the UE re-acquires the GNSS position fix successfully within the DRX inactive time, RAN2 to discuss when the UE should trigger the remaining validity duration reporting.
Regarding the FFS if we still allow the UE not to move to idle in case GNSS position is outdated, we assume there is no guarantee to have a further GNSS measurement within the C-DRX inactive time since the C-DRX active/inactive time may be dynamically changed. Therefore, it seems not reasonable to keep UE in RRC Connected when the position fix is outdated.
Proposal 15: The UE should move to RRC_IDLE when the GNSS becomes invalid, even UE is in DRX inactive state.
In NB-IoT, connected mode measurements was introduced in Rel-17. There is no explicit scheduling gap created for this purpose. UE is expected to make use of gaps already configured for PDCCH search-space and C-DRX inactive time for this purpose.
The configured gap between PDCCH search space can be illustrated in below figure.
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Figure 1: Configured Gap between PDCCH Search Space
Similar to C-DRX inactive time, the UE is not required to monitor PDCCH during the configured gap between PDCCH search space. Therefore, the configured search space gap (natural gap) can be used for GNSS measurement. 
Proposal 16: Similar to C-DRX inactive time, UE can use configured gap between PDCCH search space for GNSS measurement to avoid cellular communication interruption during the connection.
Depending on the parameters configured for PDCCH search space and whether the UE is scheduled in the previous PDCCH search space, the natural gap may be shorter or longer than the required GNSS position fix time duration. Hence, as a baseline, the solutions agreed for C-DRX inactive time can be used for natural gap as well.
Proposal 17: The solutions agreed for GNSS measurement in C-DRX inactive time can be used in configured gap between PDCCH search space.

2.6	Priority of GNSS measurement validity duration report MAC CE
In RAN2-123 meeting, it was agreed that the priority of GNSS validity duration MAC CE is higher than BSR but the exact priority is still open.
	RAN2 Agreement:
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.



One main point in discussion is whether the priority of GNSS validity duration MAC CE should be higher than the Timing Advance Report (TAR) MAC CE. 
	For the Logical Channel Prioritization procedure, the MAC entity shall take into account the following relative priority in decreasing order:
-	MAC control element for C-RNTI or data from UL-CCCH;
-	MAC control element for DPR;
-	MAC control element for SPS confirmation;
-	MAC control element for AUL confirmation;
-	MAC control element for Timing Advance Report;
-	MAC control element for BSR, with exception of BSR included for padding;
-	MAC control element for PHR, Extended PHR, or Dual Connectivity PHR;
-	MAC control element for Sidelink BSR, with exception of Sidelink BSR included for padding;
-	MAC control element for DCQR and AS RAI, with exception of when DCQR is to be included in Msg3;
-	data from any Logical Channel, except data from UL-CCCH;
-	MAC control element for DCQR and AS RAI, when DCQR is to be included in Msg3;
-	MAC control element for Recommended bit rate query;
-	MAC control element for BSR included for padding;
-	MAC control element for Sidelink BSR included for padding.



In our understanding, the GNSS validity duration MAC CE priority should be higher than the TAR. NW may use the largest Koffset to schedule UE if TA is not reported in time, but UE has to go RRC IDLE when the GNSS validity duration is expired while the GNSS measurement result cannot be reported to NW in time. In other words, when both of them are triggered, the importance of the GNSS validity duration MAC CE is higher than the TAR MAC CE.
Proposal 18: The priority of GNSS validity duration MAC CE is higher than TAR MAC CE.
3	Conclusion
This document has made the following observations:
Observation 1: If the length of GNSS measurement gap/timer for GNSS re-acquisition is not configured by network, the length is implicitly indicated by latest reported GNSS position fix time duration which is beneficial to save the Uu interface signalling. 
Observation 2: The eNB may only support a subset of the measurement gaps corresponding to the subset of the GNSS position fix time durations defined by RAN1, due to limited cell coverage time.
Observation 3: When location-based mobility is not possible during the extended duration X for UL transmission the UE can rely on time- or radio-based mobility if configured.
Observation 4: If the location-based mobility is not configured jointly with radio-based measurements the UE cannot trigger mobility events during the extended duration X for UL transmissions.
And proposed the following:
Proposal 1: Introduce a flag in RRC dedicated signalling to indicate whether autonomous GNSS re-acquisition mechanism is enabled or disabled by network. The flag can be configured for eMTC and NB-IoT separately.
Proposal 2: Same configurations can be used to configure GNSS measurement gap (for aperiodic GNSS measurement) and GNSS measurement timer (for autonomous GNSS measurement).
Proposal 3: Introduce a 4-bit MAC CE to configure the GNSS measurement gap length for aperiodic GNSS measurement and the GNSS measurement timer length for autonomous GNSS measurement. 
Proposal 4a: UE should follow Rel-17 GNSS behaviour if the UE required GNSS position fix time duration is longer than the maximum measurement gap/timer supported by the eNB. 
Proposal 4b:  If the UE required GNSS position fix time duration is longer than the maximum measurement gap/timer supported by the eNB,  UE should not perform the aperiodic GNSS measurement and autonomous GNSS measurement in RRC Connected state. UE should go to RRC idle when the remaining validity duration expired.
Proposal 5: The eNB shall inform the UE of the supported GNSS measurement gap(s)/timer(s) via SIB. 
Proposal 6: Extend the duration for UL transmission by X but refer to the original GNSS validity duration for location-based mobility.
Proposal 7: RAN2 to define a flag to enable the feature of allowing UL transmission during duration X. The enabling flag is provided via RRC.
Proposal 8: RAN2 to define the duration Y, for duration X when timeAlignmentTimer=infinity, is configured via RRC.
Proposal 9: Upon a successful GNSS measurement, UE is allowed to reuse the previous N_TA if the new UE position is similar to the previous UE position.
Proposal 10: UE can transmit a SR to the network to inform about the completion of the GNSS measurement before the end of the corresponding NW-configured GNSS measurement gap.
Proposal 11: For autonomous GNSS measurement, if UE failed to re-acquire GNSS position fix within autonomous GNSS measurement timer, UE goes to RRC IDLE after autonomous GNSS measurement timer expires.
Proposal 12: For aperiodic GNSS measurement triggered by eNB, if UE failed to re-acquire GNSS position fix within GNSS measurement gap, RAN2 to further discuss whether UE should stay in RRC Connected before GNSS becomes invalid.
Proposal 13: If neither aperiodic GNSS measurement triggered nor autonomous GNSS measurement configured, UE moves to RRC Idle after the original GNSS validity duration plus X (if configured) expires.
Proposal 14: For GNSS measurement autonomously started during the inactive state of C-DRX, if the UE re-acquires the GNSS position fix successfully within the DRX inactive time, RAN2 to discuss when the UE should trigger the remaining validity duration reporting.
Proposal 15: The UE should move to RRC_IDLE when the GNSS becomes invalid, even UE is in DRX inactive state.
Proposal 16: Similar to C-DRX inactive time, UE can use configured gap between PDCCH search space for GNSS measurement to avoid cellular communication interruption during the connection.
Proposal 17: The solutions agreed for GNSS measurement in C-DRX inactive time can be used in configured gap between PDCCH search space.
Proposal 18: The priority of GNSS validity duration MAC CE is higher than TAR MAC CE.
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