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1	Introduction
The release 18 work item [1] 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.
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 assistance information report
At RAN1 #110 it was agreed that the UE reports GNSS assistance information to the eNB. The information includes the GNSS validity duration and the GNSS position fix time duration for measurement.
	Agreement
GNSS assistance information that UE reports to eNB at least consists of:
· GNSS position fix time duration for measurement 
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]GNSS validity duration 



At RAN1#110bis meeting, it was agreed that UE reports GNSS position fix time duration for measurement at least during the initial access stage. 
	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 



The issue, which RAN2 should discuss, is when and how the UE reports the GNSS assistance information. For the GNSS position fix time duration reported by UE, it enables the eNB to know the minimum length of the GNSS measurement gap.  Hence, at RACH procedure, on top of Rel-17 agreement that GNSS validation duration can be reported to NW via Msg5, we think the UE could also provide the GNSS position fix time duration in Msg5 (e.g. in RRCConnectionsetupComplete, RRCConnectionResumeComplete and RRCreestablishmentComplete messages). This may enable the eNB to configure periodic or aperiodic GNSS measurements based on the reported assistance information for the long connection. 
Proposal 1: During the initial access stage, UE can report GNSS position fix time duration for measurement in Msg5. 
At RAN1-110 and RAN1-110bis meeting, it was agreed when UE is in RRC Connected state, the GNSS measurement can be triggered by eNB or by UE autonomously.
	Agreement
· Support eNB to at least aperiodically trigger UE to make GNSS measurement.
· If eNB aperiodically triggers UE to make GNSS measurement, a MAC CE is used

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



Observation 1: When UE is in RRC Connected state, UE may re-acquire GNSS based on a trigger received from eNB or re-acquire GNSS autonomously.
After each GNSS re-acquisition for UE in RRC Connected state, it is not clear whether UE should report the GNSS position fix time duration for measurement. 
In our understanding, if the UE starts moving or the (GNSS) propagation conditions changed a lot (e.g, shadowed), the information reported during the initial access stage may be outdated, because the UE would now have a different GNSS position fix time duration. Hence UE should report the GNSS position fix time duration for measurement accordingly.
Observation 2: For UE in RRC Connected mode, the UE may move and/or the propagation conditions may change and therefore cause a change in the required GNSS position fix time duration.
However, in the RAN2-119bis email discussion [2], companies have different view on whether the GNSS position fix time duration for measurement may be changed during the long connection mode. Hence it was proposed to wait for RAN1’s progress to address the issue. Since there is no RAN1 agreement on this topic till now, to help RAN2 make further progress on the signalling design, it is good to send LS to RAN1 and confirm the understanding.
Proposal 2: Send LS to RAN1 to confirm whether the GNSS position fix time duration for measurement may be changed during the long data connection.
No matter the GNSS position fix time will be changed or not during the long data connection (in which UE is in RRC connected state), UE may perform the GNSS measurement during handover procedure. For example, when an eMTC UE perform handover, it may not be clear to the network whether the UE is planning to perform a GNSS measurement during the handover phase from serving to target cell. If the UE is performing a GNSS measurement it will prolong the handover phase and if network has scheduled resources for contention-free random access such resources could be wasted. Likewise, an extended handover phase may impact the T304 timer and result in handover failure. Hence it is beneficial if the UE can report the information on whether GNSS is to be performed or the length of GNSS position fix time duration for measurement during a handover procedure.
Proposal 3: During handover procedure, UE should report either the GNSS position fix time duration for measurement or whether GNSS re-acquisition is to be performed.
After GNSS re-acquisition for UE in RRC Connected state, UE may need to report the other UE assistance information (i.e. GNSS validation duration) to eNB. At RAN1#110bis the following was agreed:
	Agreement
In connected mode, UE may report GNSS validation duration with MAC CE.



Observation 3: UE may report GNSS validity duration when UE is in RRC Connected state.
As noted above the UE may start moving in a different way and therefore the above agreement is useful to ensure the UE informs the eNB about any changes in the GNSS validity duration. 
Observation 4: The UE’s mobility state/location may change and therefore cause a change in the expected GNSS validity duration.
To ensure timely reporting of the GNSS validity duration it is necessary to define triggers for the UE. A simple approach is to define the UE reports the GNSS validity duration after every GNSS measurement or alternatively only if the current GNSS validity duration is different from the previously reported value. However, since the validity duration may be changed because of the UE’s mobility, the threshold-based reporting trigger, where the difference between the current and the previously reported GNSS validity duration are compared, seems more reasonable.
Proposal 4: When UE is in RRC Connected mode, the UE should report GNSS validity duration to eNB if the variation between current GNSS validity duration and the previously reported value is larger than a threshold.

2.2	GNSS measurement gap configuration
At RAN1 #111 the agreement was further refined:
	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 



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, and the best approach to facilitate this is to let eNB control the GNSS measurements and the UE to follow the eNB’s command.
For this aperiodic gap, the gap configurations shall include at least the start time of the gap and the gap duration. The gap duration may depend on the UE’s reported GNSS position fix time duration.
Observation 5: The gap length for GNSS measurement depends on the UE required GNSS position fix time duration.
While for the gap start time, it should be configured by network while depends on when the gap should be completed. We assume this should be discussed in RAN1 and/or RAN4.
Observation 6: How to configure the GNSS measurement gap start time depends on when the gap should be completed, which should be decided by other WGs.
On the signalling for aperiodic gap configuration, a simple solution could be based on RRC configuration of the start time of the measurement and the duration. However, for the Control Plane CIoT EPS/5GS optimisation, NB-IoT CP solution does not support RRC Reconfiguration of the UE. Therefore, it is not possible for the eNB to reconfigure the UE’s GNSS measurement based on the GNSS assistance information or any other trigger.
To have a unified solution for both eMTC and NB-IoT, a commonly used alternative seems to be eNB configure multiple gap configuration via System Information, which could in principle provide multiple configurations for the UEs. Then the eNB can indicate the index of the gap configuration to activate the gap via MAC CE. The eNB may also indicate additional parameters (e.g., gap start offset) based on the selected gap configuration. Furthermore, if the gap is not suitable, each UE can then select the configuration, which it finds most suitable and inform the eNB about its selection. 
Proposal 5: Support eNB to configure multiple GNSS measurement configurations in SIB, hence eNB may activate the gap configuration via MAC CE. UE may also report which configuration it applies.
At RAN1 #111 the following was agreed:
	Agreement
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 



In our view, this allows the UE to perform the GNSS measurement autonomously, if the eNB has not triggered it. The open issue is the timing for the autonomous measurement. 
First, the UE autonomous GNSS measurement shall rely on the GNSS measurement gap configuration in terms of the gap duration, such that the eNB knows how long the UE is not available. Second, the eNB and UE must have a common understanding of when the UE starts the autonomous measurement. For example, the measurement may impact the eNB expectation on when the UE is to monitor the PDCCH. It seems logical to define the GNSS measurement to start around the time where the remaining GNSS validity duration expires, because the UE will not be uplink synchronized after this expiry. However, it is RAN1 who should discuss the exact timing definition of when the UE autonomously can start the measurement and also whether there are any conditions, which would allow the UE to shift such measurement in the time domain. 
Observation 7: UE and eNB must have a common understanding of when the UE is performing the autonomous GNSS measurement.
Proposal 6: Postpone the discussion in RAN2 on the configuration for autonomously GNSS measurement.
2.3	GNSS measurement interworking with existing UE procedures
Due to the GNSS measurement is designed for long data connection while the simultaneous use of GNSS and IoT operation is not assumed, the GNSS measurement interworking with existing UE procedures may need to be further discussed.
Based on the RAN2 release 17 agreements, the RRC Idle UE may need to reacquire the GNSS fix before every establishment of the RRC connection. 
RAN2 #116bis-e
· UE need to have a valid GNSS fix before going to connected. RAN2 assumes that the UE may need to re-aquire the GNSS fix right before establishing the connection (regardless if previously valid or not), if needed to avoid interruption during the connection. 
· When the GNSS fix becomes outdated in RRC_CONNECTED mode, the UE goes to IDLE mode.

However, for UE requires long data transmission time, there is a case that UE moves to the RRC Idle state for short periods and then going to connected mode again. If UE has to re-acquire GNSS fix at every RRC state switch, it will increase the UE energy consumption & signalling and it may not be necessary if for example the remaining GNSS validity duration of the previous GNSS position is sufficiently long. Therefore, we propose RAN2 to discuss the issue and clarify whether such GNSS reacquisition is always needed for short RRC Idle periods.
Proposal 7: RAN2 to discuss whether GNSS reacquisition is always needed before each RRC establishment for UE requiring long data transmission duration. 
When the UE is experiencing radio link problem, UE should trigger the RLF procedure in which UE will evaluate the number of  “in-sync” and “out-of-sync” indications to decide whether UE should declare radio link failure. However, if the eNB configure a measurement gap for GNSS measurement with the gap length up to 1 or 2 seconds, the UE will tune to GNSS measurement during the gap which may interrupt the ongoing RLF procedure. In this case, the UE may have no chance to evaluate “in-sync” and “out-of-sync” for RLF hence declare a fake/false radio problem.
Proposal 8: RAN2 to discuss how to handle interruptions of the RLF procedure by GNSS measurements. 
Additionally, for the IoT UE, the repetition period may last for a long time, e.g. several seconds or even tens of seconds. When considering the largest number of repetitions, number of resources units (RU), and number of slot in RU, the maximum transmission time could be 10.24 s for 15kHz SCS and 40.96 s for 3.75kHz SCS. During such a long repetition period the GNSS validity duration timer may expire especially when the GNSS validity timer duration is short(e.g., 10 seconds). Since the UE and eNB are both aware of the GNSS validity duration timer and the duration of the repetitions it could be considered to allow the UE to perform a GNSS measurement during the repetitions by creating a GNSS measurement gap at a known point in time within the repetition period. 
Proposal 9: RAN2 to discuss handling a GNSS measurement during a long period of downlink/uplink repetitions.
In the RAN1 discussions, there is a proposal to discuss whether the UE can reacquire the GNSS position fix outside the Connected DRX Active Time. In our understanding, relying on the inactive state of Connected DRX for re-acquiring GNSS position fix is a challenging solution. 
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 occurring. Even if the inactive state were to happen it may be shorter than expected due to the extension of the Active Time (e.g., new data transmission or retransmission scheduled). Secondly, since the GNSS position fix time duration is expected to be in the order of 1-2 seconds, the inactive state would need to be at least this long to accommodate the GNSS reacquisition. This essentially means the C-DRX cycle should be 2.56 s or longer, while at least eMTC devices could have a significantly shorter cycle to reduce data latency. 
Furthermore, for UE in DRX inactive Time, the UE is still required to monitor PDCCH for P-RNTI and SI-RNTI (i.e., the DRX only control the PDCCH monitoring for below RNTI(s) which does not include P-RNTI and SI-RNTI). 
	TS36.321 5.7	Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, Semi-Persistent Scheduling C-RNTI (if configured), UL Semi-Persistent Scheduling V-RNTI (if configured), eIMTA-RNTI (if configured), SL-RNTI (if configured), SL-V-RNTI (if configured), CC-RNTI (if configured), SRS-TPC-RNTI (if configured), and AUL C-RNTI (if configured). When in RRC_CONNECTED, if DRX is configured, the MAC entity is allowed to monitor the PDCCH discontinuously using the DRX operation specified in this clause; otherwise the MAC entity monitors the PDCCH continuously. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other clauses of this specification.



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.
Based on above discussions, it is clear that it is challenging for the UE to autonomously reacquire GNSS during the inactive state of Connected DRX. From our point of view, only after the basic function of GNSS operation has been agreed for long data connections, RAN2 may need to discuss whether the UE can reacquire the GNSS position fix outside the Connected DRX Active Time.
Proposal 10: RAN2 to postpone the discussion on whether the UE can reacquire the GNSS position fix outside the Connected DRX Active Time.
3	Conclusion
This document has made the following observations:
Observation 1: When UE is in RRC Connected state, UE may re-acquire GNSS based on a trigger received from eNB or re-acquire GNSS autonomously.
Observation 2: For UE in RRC Connected mode, the UE may move and/or the propagation conditions may change and therefore cause a change in the required GNSS position fix time duration.
Observation 3: UE may report GNSS validity duration when UE is in RRC Connected state.
Observation 4: The UE’s mobility state/location may change and therefore cause a change in the expected GNSS validity duration.
Observation 5: The gap length for GNSS measurement depends on the UE required GNSS position fix time duration.
Observation 6: How to configure the GNSS measurement gap start time depends on when the gap should be completed, which should be decided by other WGs.
Observation 7: UE and eNB must have a common understanding of when the UE is performing the autonomous GNSS measurement.
And proposed the following:
Proposal 1: During the initial access stage, UE can report GNSS position fix time duration for measurement in Msg5. 
Proposal 2: Send LS to RAN1 to confirm whether the GNSS position fix time duration for measurement may be changed during the long data connection.
Proposal 3: During handover procedure, UE should report either the GNSS position fix time duration for measurement or whether GNSS re-acquisition is to be performed.
Proposal 4: When UE is in RRC Connected mode, the UE should report GNSS validity duration to eNB if the variation between current GNSS validity duration and the previously reported value is larger than a threshold.
Proposal 5: Support eNB to configure multiple GNSS measurement configurations in SIB, hence eNB may activate the gap configuration via MAC CE. UE may also report which configuration it applies.
Proposal 6: Postpone the discussion in RAN2 on the configuration for autonomously GNSS measurement.
Proposal 7: RAN2 to discuss whether GNSS reacquisition is always needed before each RRC establishment for UE requiring long data transmission duration. 
Proposal 8: RAN2 to discuss how to handle interruptions of the RLF procedure by GNSS measurements. 
Proposal 9: RAN2 to discuss handling a GNSS measurement during a long period of downlink/uplink repetitions.
Proposal 10: RAN2 to postpone the discussion on whether the UE can reacquire the GNSS position fix outside the Connected DRX Active Time.
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