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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 position fix time duration report
The GNSS position fix time duration should be reported to eNB such that the eNB knows the minimum length of the GNSS measurement gap based on the UE reported fix time. RAN2 agreed that information is required to be reported to eNB at least in Msg5 messages such that the eNB can prepare the scheduling of the GNSS measurement gap. There are still some open points regarding: 
· #1) whether the information is to be reported by UE during RRC Connected state, 
· #2) whether there has to be some explicit NW indication to do so,
· #3) whether there are some scenarios where this is not needed.
	RAN2 Agreements:
· 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
· There is no need for UE to provide GNSS position fix time duration in Msg3.
· 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)



On whether the UE needs to report GNSS position fix time duration in RRC connected state, some companies think the fix time duration value does not change during the connected mode since the IoT device is stationary therefore the UE does not need to report GNSS fix time. However, the assumption is not true because the IoT NTN device is not always stationary. In the NTN IoT WID [RP-211601], it lists key target industries including transportation (maritime, road, rail, air), logistics, farming, and mining. In all those industries a certain degree of UE movement is to be expected. Furthermore, the UE movement is also confirmed in NTN IoT Rel-18 WID [RP-223519] since a NOTE was added as below:
	NOTE:	It is expected a UE can move while under discontinuous coverage.



Observation 1: According to WID description, UE movement is expected to be supported for IoT NTN.
Due to UE movement, the GNSS position fix time duration maybe dynamically changed during the long connection if the UE starts moving and the (GNSS) propagation conditions changed a lot (e.g, shadowed when UE moves from outdoor to indoor).
Observation 2: For UE in RRC Connected mode, the UE may move and the propagation conditions may change and therefore cause a change in the required GNSS position fix time duration.
At RAN1-112bis meeting, it was agreed the GNSS measurement gap length is equal to the latest UE reported GNSS position fix time duration if eNB does not provide the gap length in the configuration. 
	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.



If the UE observed the GNSS position fix time duration is changed while the UE does not report the latest value to eNB, the eNB and UE would assume a GNSS measurement gap based on the outdated GNSS position fix time value. On one hand, this may cause the UE cannot complete the GNSS re-acquisition during the gap when the assumed gap length is less than the required GNSS fix time. The UE may go to RRC idle due to GNSS re-acquisition failure during the GNSS measurement gap. On the other hand, the outdated GNSS position fix time may waste system resource when the configured gap length is larger than the required GNSS fix time due to the cellular interruption within the gap. RAN1 has agreed the GNSS fix time can range from 1 second to 31 seconds, which means the unnecessary gap interruption may up to 30 seconds.
Observation 3: If the latest GNSS position fix time cannot be reported to eNB, it may cause either the RRC connected UE go to RRC idle state incorrectly or a waste of system resource, because the eNB configurate an incorrect GNSS measurement gap duration.
From RAN2 point of view, if the GNSS position fix time changes, it is no harm to let the UE report the latest GNSS position fix time duration in RRC Connected state. Therefore, we think the UE needs to report GNSS position fix time duration in RRC connected state if the value is changed.
Proposal 1: UE can report the GNSS position fix time duration to NW during RRC connected state, to indicate the latest value to NW. 
On whether there has to be some explicit NW indication to enable the fix time duration reporting, we think UE should report the information only if the eNB support the GNSS operation enhancement for Rel-18. In other words, only if the eNB support the improved GNSS operation for a new position fix for UE pre-compensation during long connection times then the UE needs to report the fix time duration to NW. Since the information can be reported in Msg5, a flag may need to be indicated in SIB. 
Proposal 2: RAN2 to introduce a flag in SIB to indicate the support of improved GNSS operation for IoT NTN. 
On whether there are some scenarios where the fix time duration reporting is not needed, in our understanding, this is similar to the Timing Advance reporting introduced for NTN in Rel-17. For example:
· For the TA reporting, the TAR should be triggered during RRC connection establishment initial access if it is enabled by SI. It should be triggered during RRC connection reestablishment and RRC connection resume if an indication is broadcasted by the target cell’s SI. Also, the TAR should be triggered during handover if it is enabled in HO command. For fix time duration reporting, the information is agreed to be reported during the same procedures. It seems the same mechanism on “flag” can be reused.
· For the TA reporting, the TAR should be triggered if the variation between the current estimate of the Timing Advance value and the last reported Timing Advance value is equal to or larger than a threshold. In our understanding, this can also be applied in fix time duration report. The fix time duration report can be triggered only if the change is larger than a threshold.
Therefore, the Timing Advance Reporting procedure captured in TS38.321 5.4.8 can be used as baseline for fix time duration report.
Proposal 3: Similar to TA report introduced in Rel-17 NTN, the fix time duration report can be triggered in below cases:
· During RRC connection establishment initial access, RRC connection reestablishment and RRC connection resume if the (target) cell supports the improved GNSS operation. 
· During handover procedure if the report is enabled in the HO command.
· If the variation between the current estimate of the fix time duration value and the last reported fix time duration value is equal to or larger than a threshold
At RAN1#113 the following was agreed regarding the GNSS position fix time duration values:
	RAN1 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



To support GNSS fix time duration reporting for NB-IoT user plane as well as control plane solution, similar to Timing Advance reporting, MAC CE can be used to report the GNSS fix time duration. 
Proposal 4: An UL MAC CE is introduced to report the GNSS position fix time duration.
2.2	Aperiodic GNSS measurement triggering
[bookmark: _Hlk134305692]RAN1 agreed UE can re-acquire GNSS position fix with a gap and the GNSS measurement gap can be aperodically triggered by eNB. Similar to legacy Measurement Gap configuration, the UE and eNB should have a common understanding of when the UE is unavailable for communication due to the UE performing a GNSS measurements. This is of key importance to ensure the UE is not scheduled, when it is unavailable. For this aperiodic gap, the gap configurations shall include at least the start time of the gap and the gap duration. 
On the gap duration, it is configured by eNB and it is eNB implementation to decide the duration length. We assume the eNB should determine the gap length based on the UE reported GNSS position fix time duration and eNB should guarantee the gap length is long enough to accommodate the UE required GNSS position fix time duration. Regarding when the gap should be configured, RAN2 reached below agreements. 
	RAN2 Agreements:
· 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.
· When network triggers GNSS measurement initiation is up to network implementation.


Based on the email discussion R2-2306641 [AT122][101][IoT NTN] GNSS operation enhancements, RAN2 agreed it is up to network implementation to decide when network triggers the GNSS measurement initiation. However, it is not well addressed the FFS whether the new GNSS measurement shall be started before, upon or after the current GNSS validity duration expiry. In our view, the UE will not be uplink synchronized after the expiry of the GNSS validity duration. Therefore, the UE is not allowed to transmit in uplink. Thus, it is preferred that the GNSS measurements starts before or at the expiry of the GNSS validity duration, but not after. In the email discussion, the rapporteur also clarified the intention of the question is the network should trigger the GNSS measurement before current running validity duration expiry. 
	Question 7: Without considering closed loop timing correction, do companies agree that when to trigger GNSS measurement initiation (to avoid validity duration expiry) is up to network implementation?



However, since the PDCCH monitoring opportunities in IoT is relatively scarce due to use of DRX, control channel load, and sparse PDCCH monitoring search space, it may be difficult for the eNB to trigger the GNSS measurement before or at the expiry of the GNSS validity duration considering huge amount of UE may be served in one cell. Therefore, it may be beneficial to specify that the eNB can configure the UE to also monitor the PDCCH for the triggering command an offset after the GNSS validity duration expiry if the load and DRX/PDCCH conditions require it. This will give the eNB additional opportunities to trigger the GNSS measurement. As discussed above, the UE shall not be allowed to transmit in uplink during the time between the expiry of the GNSS validity duration and the subsequent triggering & completion of the GNSS measurement, because the UE does not have a valid GNSS for uplink pre-compensation.
Proposal 5: RAN2 to update previous agreement on when network triggers GNSS measurement initiation:
· For aperiodic GNSS measurement triggering, the GNSS measurement should be triggered before or at the expiry of the GNSS validity duration, unless the eNB has configured the UE to monitor PDCCH for the trigger command after the expiry. 
To avoid validity duration expiry, the ideal case is that the network should trigger the aperiodic GNSS measurement in a time point where the GNSS measurement complete right before the duration expiry. However, the network may trigger the GNSS measurement far before current validity duration expiry. For example, when the network is planning to schedule a long repetition period in which the current GNSS validity duration will expire, or when the network observes the UE’s uplink transmission is misaligned (e.g., due to inaccurate timing pre-compensation in UE which is caused by invalid GNSS due to unexpected UE movement), the network should trigger aperiodic GNSS measurement even current validity duration is far before expiry. 
Observation 4: Network may trigger the aperiodic GNSS measurement at a time point far before current validity duration expiry, due to misaligned uplink transmissions or due to a pending long repetition period in which the current GNSS validity duration will expire.
Our general view is that a UE shall move to RRC Idle if the GNSS measurement fails, but according to the above observation it is only strictly needed in case of the misaligned uplink (e.g., if the UE has moved unexpectedly). In the latter case of a pending long repetition period the UE’s current GNSS validity duration is still useful and thus it would be a waste of signaling and energy if the UE were to move to RRC Idle upon a failed GNSS measurement. Therefore, it will be beneficial to discuss the above cases and define the corresponding UE behavior upon the aperiodic GNSS measurement trigger followed by a GNSS measurement failure. Specifically, the GNSS measurement trigger can indicate whether the UE shall move to RRC Idle after a failed GNSS measurement or is allowed to remain RRC Connected and use the previous remaining GNSS validity duration.
Proposal 6: The GNSS measurement trigger can indicate whether the UE can remain RRC Connected or move to RRC Idle upon a GNSS measurement failure.
2.3	Autonomous GNSS measurement triggering
RAN1 agreed the GNSS measurement in the other way, e.g., the GNSS autonomous re-acquisition if the UE does not receive the eNB triggered aperiodic GNSS measurement. 
	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



Similar to the aperiodic GNSS measurement, a gap is needed to perform the autonomous GNSS measurement. The eNB and the UE must have a common understanding of when the UE starts the autonomous measurement (i.e. the gap start) and the duration of the measurement (i.e. the gap duration). During the gap, the network should not schedule the UE.
According to RAN1 agreements, the start time of the autonomous GNSS measurement is based on the original GNSS validity duration. If the UE does not receive the eNB triggered aperiodic GNSS measurement, the UE may start autonomous GNSS measurement upon the expiry of original GNSS validity duration. However, RAN1 is discussing whether an additional delay can be considered.
Observation 5: For UE autonomous GNSS measurements, the start time shall be based on the expiry of current GNSS validity duration. RAN1 is discussing whether addition delay after GNSS validity duration expiry should be considered.
On the duration of the GNSS measurement, RAN1 agreed the UE re-acquire GNSS autonomously during a GNSS measurement timer. Below are the two options indicated by RAN1 on how to define the length of GNSS measurement timer:
· Option1: Network configure the length of GNSS measurement timer 
· Option2: UE implicitly decide the length of the GNSS measurement timer when the length is NOT configured by network. (i.e., timer length is equal to the latest reported GNSS position fix time duration)
For option1, it is same as aperiodic GNSS measurement triggering in which the gap length is configured by eNB. It is eNB implementation to decide the duration length based on the UE reported GNSS position fix time duration. Since different UE may report different position fix time, we assume dedicated RRC message should be used for the configuration.
Proposal 7: The length of the GNSS measurement timer/gap for autonomous GNSS re-acquisition can be configured by network via UE-specific RRC message.
For option2, it is beneficial to save the Uu interface signaling since there is no dedicated RRC message to UE. UE and network should implicitly use the latest reported GNSS position fix time duration as the length of GNSS measurement timer. 
Observation 6: If the length of GNSS measurement timer/gap for autonomous 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. 
According to RAN1 agreement below, for all the UEs served by one cell, the UEs may report up to eleven different values (i.e., [1,2,3,4,5,6,7,13,19,25,31]) to network which means there are eleven different gap length should be supported by network. However, it is not reasonable to mandate network implementation to support all the type of gap length. To simplify the eNB implementation, the eNB may only support part of the fix time duration (e.g, 3 seconds, 13 seconds and 31 seconds). In this case, the network can inform the UE the supported fix time duration to avoid further RRC message for gap reconfiguration.
Observation 7: The eNB may only support a subset of the measurement gaps, which corresponds to the subset of the GNSS position fix time durations agreed by RAN1.
	RAN1 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



Proposal 8: If the length of GNSS measurement timer for autonomous GNSS re-acquisition is implicitly indicated by the latest reported GNSS position fix time duration, the network can inform UE the supported fix time duration(s). 
2.4	GNSS validity duration report
After a successful GNSS re-acquisition for UE in RRC Connected state, UE needs to report GNSS validation duration to eNB. RAN2 agreed the reported GNSS validity duration is the remaining validity duration and it should be reported every time upon completing the GNSS fix operation.
	RAN2 Agreements:
· Confirm the working assumption that GNSS validity duration UE reports is the remaining validity duration.
· The UE triggers GNSS measurement reporting every time upon completing the GNSS fix operation.
Working Assumptions:
· 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



In the RAN2-122 meeting, there was a discussion on whether UE should re-start the validity duration timer upon successful GNSS measurement. No conclusion was reached due to different companies have different understanding on #1) whether a validity duration timer should be introduced in UE, or #2) even if it is introduced, how to re-start the timer.
The support of UE reporting remaining GNSS validity duration was introduced in Rel-17 IoT NTN. Within the duration, the UE and network assume the GNSS is valid which can be used for T/F pre-compensation by UE, otherwise the UE shall perform the actions upon leaving RRC Connected state. According to the UE procedure defined in TS36.331, there is not any timer introduced in UE side to decide when the validity duration is to be expired. Instead, it is modeled as “Upon indication that the GNSS position has become out-of-date”, the UE shall perform the corresponding actions. In our understanding, this is reasonable because it is UE’s implementation to decide whether an internal timer should be introduced, or it is the GNSS module who will inform the cellular module whether the GNSS position is out-of-date.
	Rel-17 RAN2 Agreements:
· A new parameter for remaining GNSS validity duration is introduced in Msg5, e.g. RRCConnectionResumeComplete, RRCConnectionSetupComplete and RRCreestablishmentComplete messages, and the parameter refers to the time of message transmission.

	TS36.331 v17.5.0
[bookmark: _Toc139382824]5.3.3.21	UE actions upon indication of out-of-date GNSS position
Upon indication that the GNSS position has become out-of-date while in RRC_CONNECTED, the UE shall:
1>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other'.



Observation 8: In Rel-17, no UE timer was introduced to guard the reported remaining GNSS validity duration.
In Rel-18, RAN2 agreed that UE should report the remaining GNSS validity duration when UE is in RRC Connected state. In our understanding, to avoid big specification impact, the principle adopted in Rel-17 specification can be re-used in Rel-18. 
Proposal 9: Following Rel-17 principle, no UE timer should be introduced to guard the reported remaining GNSS validity duration for Rel-18.
Furthermore, UE and network should have common understanding on the GNSS validity status. From network point of view, it can only rely on the UE reported remaining GNSS validity duration to decide when the GNSS will become invalid. Following the same principle as Rel-17, the reference time for the remaining GNSS validity duration is the time of message transmission.
Proposal 10: Following Rel-17 principle, the reference time for the UE reported remaining GNSS validity duration is the time of message transmission.
After the UE reporting the remaining GNSS validity duration to network, due to unexpected UE movement, the UE itself may detect the change of UE’s GNSS validity duration compared to what is expected based on the previously reported value. If this is the case, the UE should indicate the information to network, and it is up to network to decide the proper actions to handle the changed validity duration. Otherwise (e.g., if the network is not aware of the validity duration is shorten), the network will assume the GNSS is valid until the timer expiry which will cause the unnecessary scheduling hence wasting the system resource. Consider the validity duration granularity can be 10 seconds or even 30 minutes, the impact to the network scheduling is not marginal.
	RAN2 Agreement:
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



Proposal 11: Before the expiry of the reported remaining GNSS validity duration, UE can indicate to network that it has detected a change of the reported duration value.
2.5	UE behavior 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 signaling 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 or reset the previous N_TA such that the UE can skip the Random Access procedure and instead transmit a Scheduling Request or directly transmit in a preconfigured uplink resource. 
Proposal 12: RAN2 to discuss whether the UE after a successful GNSS measurement gap either performs the Random Access procedure or reuses/resets the previous N_TA.
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. 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. Therefore, RAN2 can discuss whether the UE should inform network the completion of GNSS measurement before the end of the corresponding NW-configured GNSS measurement gap.
Proposal 13: RAN2 to discuss whether the UE can inform network the completion of GNSS measurement before the end of the corresponding NW-configured GNSS measurement gap.
2.6	GNSS measurement in C-DRX inactive time
RAN1 has discussed GNSS position fix during inactive state of Connected DRX for improved GNSS operations and agreed the following conclusion as indicated in the LS [R1-2304126]. 
	Conclusion
From RAN1 perspective, UE is not forbidden to autonomously re-acquire GNSS position fix during inactive state of Connected DRX.
· Note: The configured DL/UL transmissions during inactive state of Connected DRX should not be impacted
· Note: details are up to RAN2
Send an LS to RAN2 for the conclusion.



RAN1 concluded UE is not forbidden to autonomously re-acquire GNSS position fix in the C-DRX inactive time, while the details are up to RAN2 on the feasibility and impact. First of all, there is no guarantee that the “next” inactive state of C-DRX will happen, because the Active Time may be extended if there is new data incoming or retransmissions occur. Even if the inactive state were to happen it may be shorter than expected due to the extension of the Active Time. 
Observation 9: Inactive state of C-DRX may not occur at all or be shorter than expected due to extension of the active state because of new data and retransmissions.
For UE in DRX inactive Time, the UE is still required to monitor PDCCH for P-RNTI and SI-RNTI. For example, the NTN UE may have to acquire serving cell satellite assistance information (SIB31) during the inactive state of C-DRX. This will be necessary if the validity timer T317 for SIB31 is about to expire/has expired. Therefore, the UE will not be able to perform the GNSS measurement during the part of the inactive state, which collides with the reception of the SIB31. The UE may also need to monitor PDCCH for Paging message during the inactive state of C-DRX. In addition, the UE may be configured with measurement gaps, e.g. for inter-frequency and inter-RAT measurements. Such gaps are configured independently of the C-DRX and therefore the gap and the corresponding RRM measurement may take place during the inactive state of C-DRX. This would mean the UE cannot perform the GNSS measurement in order to perform the configured RRM measurement.
Observation 10: UE may need to perform multiple different events (e.g., SIB reading, Paging monitoring, RRM measurement etc.) during the inactive state of Connected DRX and is therefore not able to perform the GNSS measurement.
During the C-DRX inactive time, if UE is not required to monitor the multiple different events, it is beneficial for UE to re-acquire GNSS position fix to avoid cellular communication interruption during the connection. The GNSS position fix time duration is expected in the range from 1 second up to 31 seconds, and the inactive state would need to be at least this long to accommodate the GNSS reacquisition. However, due to the dynamically changed C-DRX inactive time and possible events on SIB reading/paging monitoring, the C-DRX inactive time which can be used for GNSS measurement may be shorter or longer than the GNSS position fix time duration.
Observation 11: The C-DRX inactive time which can be used for GNSS measurement may be shorter or longer than the required GNSS position fix time duration.
If the C-DRX inactive time which can be used for GNSS measurement is long enough to accommodate the GNSS reacquisition, the UE may complete the GNSS measurement within the inactive time. To support this operation, firstly, the UE needs to decide when the GNSS measurement should be started within the C-DRX inactive time. Since the eNB does not know whether UE will perform some events such as SIB reading, the simplest option is that it is up to UE implementation to decide when to start the GNSS measurement within the inactive time. Secondly, if the UE measured the GNSS successfully, the UE should inform the eNB to skip the next configured GNSS measurement gap to avoid the unnecessary cellular service interruption. On when the notification should be sent to eNB, to save UE’s power consumption, it seems not needed to send the notification right after the GNSS measurement. Instead, the UE may send the notification to eNB at the start of the next C-DRX active time or right before the current validity timer expiry.
Proposal 14a: If the C-DRX inactive time which can be used for GNSS measurement is longer than the required GNSS position fix time duration, it is up to UE implementation to decide whether and when to initiate GNSS measurement within the inactive time. 
Proposal 14b: The UE should notify eNB for the successful autonomous GNSS measurement in the C-DRX inactive time. RAN2 to discuss when the notification should be sent.
Proposal 14c: After successful autonomous GNSS measurement in the C-DRX inactive time, the next configured GNSS measurement gap can be skipped. 
If the C-DRX inactive time which can be used for GNSS measurement is shorter than the required GNSS position fix time duration, the UE needs to perform the GNSS measurement with a GNSS measurement gap since at least part of the measurement will overlap with the C-DRX active time. As a baseline, the UE should follow the GNSS measurement gap configured by eNB. In some cases, if the UE finds the C-DRX inactive time contains part of the GNSS measurement gap, the UE may decide whether to initiate the GNSS measurement gap in the inactive time before the scheduled GNSS MG in order to utilize the inactive time as much as possible and thus reduce the gap overlap with C-DRX active time. 
Proposal 15: If the C-DRX inactive time which can be used for GNSS measurement is less than the required GNSS position fix time duration, UE can initiate GNSS measurement gap in the inactive time before the scheduled GNSS measurement gap if it detects the gap partly overlapped with C-DRX inactive time. 

2.7	GNSS measurements in configured PDCCH search space gap (natural gap)
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.
Details on the search space configuration (for NB-IoT) are given below. Note how the start offset (alpha_offset * R_max * G) in 36.213 defines the offset between PDDCH monitoring indications can become very long depending on the configuration of npdcch-NumRepetitions, npdcch-StartSF-USS and npdcch-Offset-USS in 36.331.
	36.331:
NPDCCH-ConfigDedicated-NB information element
-- ASN1START

NPDCCH-ConfigDedicated-NB-r13 ::=	SEQUENCE {
	npdcch-NumRepetitions-r13			ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128,
													r256, r512, r1024, r2048,
													spare4, spare3, spare2, spare1},
	npdcch-StartSF-USS-r13				ENUMERATED {v1dot5, v2, v4, v8, v16, v32, v48, v64},
	npdcch-Offset-USS-r13				ENUMERATED {zero, oneEighth, oneFourth, threeEighth}
}

NPDCCH-ConfigDedicated-NB-v1530 ::=	SEQUENCE {
	npdcch-StartSF-USS-v1530			ENUMERATED {v96, v128}
}

-- ASN1STOP

	NPDCCH-ConfigDedicated-NB field descriptions

	npdcch-NumRepetitions
Maximum number of repetitions for NPDCCH UE specific search space (USS), see TS 36.213 [23], clause 16.6. UE monitors one set of values (consisting of aggregation level, number of repetitions and number of blind decodes) according to the configured maximum number of repetitions.

	npdcch-Offset-USS
Fractional period offset of starting subframe for NPDCCH UE specific search space (USS), see TS 36.213 [23], clause 16.6.

	npdcch-StartSF-USS
Starting subframe configuration for an NPDCCH UE-specific search space, see TS 36.213 [23], clause 16.6. Value v1dot5 corresponds to 1.5, value 2 corresponds to 2 and so on. E-UTRAN may configure values v1dot5 and v2 only in FDD mode and values v96 and v128 only in TDD mode.
The UE shall use the value signalled in npdcch-StartSF-USS-v1530, if present, and ignore the value signalled in npdcch-StartSF-USS-r13.



36.213:
16.6	Narrowband physical downlink control channel related procedures







The locations of starting subframe  are given by where is the th consecutive NB-IoT DL subframe from subframe , excluding subframes used for transmission of SI messages, and , and , and where 



-	subframe  is a subframe satisfying the condition , where , T≥4.
-	for NPDCCH UE-specific search space, 

-	is given by the higher layer parameter npdcch-StartSF-USS, except for NPDCCH candidates associated with PUR-RNTI in which case it is given by higher layer parameter npdcch-StartSF-USS in PUR-Config-NB, 

-	is given by the higher layer parameter npdcch-Offset-USS, except for NPDCCH candidates associated with PUR-RNTI in which case it is given by higher layer parameter npdcch-Offset-USS in PUR-Config-NB,



The configured gap between PDCCH search space can be illustrated in below figure.
[image: ]
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: As a baseline, the solutions agreed for GNSS measurement in C-DRX inactive time can be used in configured gap between PDCCH search space.
3	Conclusion
This document has made the following observations:
Observation 1: According to WID description, UE movement is expected to be supported for IoT NTN.
Observation 2: For UE in RRC Connected mode, the UE may move and the propagation conditions may change and therefore cause a change in the required GNSS position fix time duration.
Observation 3: If the latest GNSS position fix time cannot be reported to eNB, it may cause either the RRC connected UE go to RRC idle state incorrectly or a waste of system resource, because the eNB configurate an incorrect GNSS measurement gap duration.
Observation 4: Network may trigger the aperiodic GNSS measurement at a time point far before current validity duration expiry, due to misaligned uplink transmissions or due to a pending long repetition period in which the current GNSS validity duration will expire.
Observation 5: For UE autonomous GNSS measurements, the start time shall be based on the expiry of current GNSS validity duration. RAN1 is discussing whether addition delay after GNSS validity duration expiry should be considered.
Observation 6: If the length of GNSS measurement timer/gap for autonomous 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 7: The eNB may only support a subset of the measurement gaps, which corresponds to the subset of the GNSS position fix time durations agreed by RAN1.
Observation 8: In Rel-17, no UE timer was introduced to guard the reported remaining GNSS validity duration.
Observation 9: Inactive state of C-DRX may not occur at all or be shorter than expected due to extension of the active state because of new data and retransmissions.
Observation 10: UE may need to perform multiple different events (e.g., SIB reading, Paging monitoring, RRM measurement etc.) during the inactive state of Connected DRX and is therefore not able to perform the GNSS measurement.
Observation 11: The C-DRX inactive time which can be used for GNSS measurement may be shorter or longer than the required GNSS position fix time duration.
And proposed the following:
Proposal 1: UE can report the GNSS position fix time duration to NW during RRC connected state, to indicate the latest value to NW. 
Proposal 2: RAN2 to introduce a flag in SIB to indicate the support of improved GNSS operation for IoT NTN. 
Proposal 3: Similar to TA report introduced in Rel-17 NTN, the fix time duration report can be triggered in below cases:
· During RRC connection establishment initial access, RRC connection reestablishment and RRC connection resume if the (target) cell supports the improved GNSS operation. 
· During handover procedure if the report is enabled in the HO command.
· If the variation between the current estimate of the fix time duration value and the last reported fix time duration value is equal to or larger than a threshold
Proposal 4: An UL MAC CE is introduced to report the GNSS position fix time duration.
Proposal 5: RAN2 to update previous agreement on when network triggers GNSS measurement initiation:
· For aperiodic GNSS measurement triggering, the GNSS measurement should be triggered before or at the expiry of the GNSS validity duration, unless the eNB has configured the UE to monitor PDCCH for the trigger command after the expiry. 
Proposal 6: The GNSS measurement trigger can indicate whether the UE can remain RRC Connected or move to RRC Idle upon a GNSS measurement failure.
Proposal 7: The length of the GNSS measurement timer/gap for autonomous GNSS re-acquisition can be configured by network via UE-specific RRC message.
Proposal 8: If the length of GNSS measurement timer for autonomous GNSS re-acquisition is implicitly indicated by the latest reported GNSS position fix time duration, the network can inform UE the supported fix time duration(s). 
Proposal 9: Following Rel-17 principle, no UE timer should be introduced to guard the reported remaining GNSS validity duration for Rel-18.
Proposal 10: Following Rel-17 principle, the reference time for the UE reported remaining GNSS validity duration is the time of message transmission.
Proposal 11: Before the expiry of the reported remaining GNSS validity duration, UE can indicate to network that it has detected a change of the reported duration value.
Proposal 12: RAN2 to discuss whether the UE after a successful GNSS measurement gap either performs the Random Access procedure or reuses/resets the previous N_TA.
Proposal 13: RAN2 to discuss whether the UE can inform network the completion of GNSS measurement before the end of the corresponding NW-configured GNSS measurement gap.
Proposal 14a: If the C-DRX inactive time which can be used for GNSS measurement is longer than the required GNSS position fix time duration, it is up to UE implementation to decide whether and when to initiate GNSS measurement within the inactive time. 
Proposal 14b: The UE should notify eNB for the successful autonomous GNSS measurement in the C-DRX inactive time. RAN2 to discuss when the notification should be sent.
Proposal 14c: After successful autonomous GNSS measurement in the C-DRX inactive time, the next configured GNSS measurement gap can be skipped. 
Proposal 15: If the C-DRX inactive time which can be used for GNSS measurement is less than the required GNSS position fix time duration, UE can initiate GNSS measurement gap in the inactive time before the scheduled GNSS measurement gap if it detects the gap partly overlapped with C-DRX inactive time. 
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: As a baseline, the solutions agreed for GNSS measurement in C-DRX inactive time can be used in configured gap between PDCCH search space.
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