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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 remaining issues to support the improved GNSS operations for IoT NTN from RAN2 point of view. 
2	Discussion
2.1	UE position fix time duration
In the previous RAN2 meeting #123bis the following was agreed:
	Agreement:
For both network-triggered and UE-autonomous Measurement Gap Length Configuration: Use MAC CE (with 1 bit indication to differentiate the two cases) (FFS if a RRC configuration is needed for NW trigger case)


The agreement enables the network to configure the gap length for the network-triggered and UE-autonomous GNSS measurement. However, a remaining open issue is how to handle the case where the remaining serving cell time duration is smaller than the GNSS position fix time duration reported by the UE. For example, in case of Earth-moving cells, the cell availability time is likely to be in the order of 10 s, while the GNSS position fix time duration requested by UE is potentially longer than that (e.g., GNSS position fix time = 31 seconds). 
Observation 1: The GNSS position fix time duration may be longer than the remaining serving cell time.
In our view, the UE shall not trigger the autonomous GNSS measurement in such a scenario, where the serving cell time is insufficient to complete and report the GNSS measurement, but rather fall back to the Release 17 behaviour i.e. move to RRC Idle when the remaining GNSS validity duration expires. 
Proposal 1: When the remaining serving cell time is shorter than the GNSS position fix time duration, the UE shall not trigger the autonomous GNSS measurement, but instead move to RRC Idle upon expiry of the GNSS validity duration.
The agreement from RAN2 #123bis contains an FFS on whether RRC configuration is needed for the network-triggered GNSS measurement case. In our view this is not needed, because the UE is already aware that the network may use the aperiodic trigger based on the network indicating in SIB2 the UE shall report the GNSS position fix time duration as per RAN2 #123 agreement:
	Agreement:
· Network enables the reporting of GNSS position fix duration, in SIB2 and in dedicated signalling for the HO case
· UE autonomously trigger GNSS measurement can be configured via RRC dedicated signalling


The network would not configure the UE to report the GNSS position fix time duration if the network is not intending to use at least one of the aperiodic trigger and the autonomous GNSS measurement. The UE is aware of the use of the autonomous GNSS measurement based on the enabling flag in dedicated RRC, which was also agreed in RAN2 #123. Therefore, the UE shall monitor for the new GNSS MAC CE, which includes the measurement gap length, to determine if the network is aperiodically triggering the GNSS measurement gap.
Observation 2: Based on network configuring the UE to report the GNSS position fix time duration, the UE is aware the network will either aperiodically trigger the GNSS measurement gap or configure the autonomous GNSS measurement.
Proposal 2: There is no need for RRC configuration of the network-triggered aperiodic GNSS measurement gap. 
2.2	Uplink in extended duration X
In the email discussion “[Post123bis][302][IoT-NTN Enh] 36.331 running CR” the following open issue was listed:
	Issue 1-1: How to determine GNSS invalid (considering duration X and Y), this affects 1) condition for entering RRC_IDLE, and 2) the start of autonomous gap
Rapp clarification: This is related to the following agreement in RAN2 #123.
Editor’s Note: 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.
Options listed during the RAN2 #123bis offline discussion [1]:
· Option 1: It is up to RAN1 whether/how to decide GNSS validity duration considering X and Y.
· Option 2: Even if duration X is provided, the remaining GNSS validity duration keeps unchanged.
· Option 3: UE considers the GNSS position as outdated and goes to RRC_IDLE, upon the expiry of X on top of the expiry of the GNSS validity duration.
Whether X is added to the GNSS validity duration also impacts how we capture the start of autonomous gap for GNSS measurement: whether the autonomous gap starts right after GNSS validity duration expiry or starts after duration X on top of GNSS validity duration expiry, as indicated in the following Editor’s Note:
Editor’s Note: FFS the start of autonomous gaps, e.g. “after X expires on top of GNSS validity duration expiry” or X is included within the GNSS validity duration. The exact X (and Y) is pending on RAN1 further discussion.


In our view, a mixture of option 2 and 3 is reasonable. First of all, the remaining GNSS validity duration shall keep unchanged even if duration X is provided. According to the RAN1 agreements, the duration X only defines the period of time where the UE is allowed to transmit in uplink despite the GNSS validity duration has expired. Second, upon expiry of the remaining validity duration and duration X, the UE shall move to RRC Idle (as proposed in option 3) or perform the UE autonomous GNSS measurement if configured. It would not be meaningful for the UE to start the autonomous gap at the expiry of the remaining GNSS validity duration because it will then collide with the duration X.
Proposal 3: The remaining GNSS validity duration is unchanged even if duration X is provided. The UE moves to RRC Idle or performs the UE autonomous GNSS measurement upon the expiry of both the GNSS validity duration and the duration X.

The above leads to another open issue, which is related to location-based triggering of mobility procedures. If the duration X does not result in extension of the GNSS validity duration, does it then also mean the UE cannot use the old GNSS location for the mobility procedures? 
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 transmit Timing Advance Commands to maintain proper UE transmit timing, but the TACs will not impact the UE location. Therefore, there is a risk that the UE is making incorrect mobility decisions based on the outdated UE location.
Proposal 4: The UE shall 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, (i.e. during duration X), 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, at RAN2#123 it was agreed that 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.
2.3 	UE behaviour after successful GNSS
At RAN2 #123bis the following was agreed:
	GNSS Duration Report MAC CE will not trigger SR; instead CBRA will be used.


This was discussed and agreed for the scenario where the UE completes the GNSS measurement prior to the end of the GNSS measurement gap / autonomous GNSS measurement timer. Using the CBRA procedure will result in the UE monitoring the PDCCH at appropriate times during the procedure, e.g., during the Random Access Response window. However, the UE behaviour upon completion of the CBRA procedure is not clear if the measurement gap/timer has not ended. For example, it is not clear if UE will start monitoring the PDCCH and perform RLM/RRM measurements if the gap/timer has not ended.
Observation 5: UE behaviour (e.g. AS operations) upon completing the CBRA procedure within the GNSS measurement gap / autonomous GNSS measurement timer is not clear. 
For simplicity, we think the GNSS measurement gap / autonomous GNSS measurement timer shall end after the UE starts the Random Access Response window for a CBRA procedure if the RAR window started before the end of the original gap/timer. This will then also enable the UE to monitor the PDCCH, e.g. to resume the AS operations.
Proposal 5: The GNSS measurement gap / autonomous GNSS measurement timer ends after the UE starts the Random Access Response window for a CBRA procedure if the RAR window started before the end of the original gap/timer.
2.4 	UE capabilities related to GNSS
One aspect which needs further clarification is the dependency between the aperiodically triggered GNSS measurement gap and the UE autonomous GNSS measurement. The draft CR for TS 36.306 proposed two individual UE capabilities for this.
In our view, the UE must always support the aperiodically triggered GNSS measurement gap if the UE supports the UE autonomous GNSS measurement. The logic is that the UE shall perform the GNSS measurement in a gap if triggered by the eNB and only if the UE is not triggered it may perform the autonomous measurement. The use of the autonomous measurement can save signalling, but it is important to maintain the option of the eNB triggered gap if the eNB wants to trigger an "early” measurement (i.e. well in advance of the GNSS validity duration expiry), for example if the eNB has noticed the UE started moving or has detected the UL synchronization is lost.
This logic is also evident from the RAN1#111 agreement below, which defines the UE may re-acquire the GNSS autonomously only if the UE does not receive the trigger from the eNB to perform the GNSS measurement in a gap. Thus, the autonomous GNSS procedure is dependent on the eNB aperiodic triggered GNSS measurement procedure.
	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 


Proposal 6: The UE must support receiving the aperiodic trigger for a GNSS measurement gap if the UE supports the autonomous GNSS measurement.
2.5 GNSS measurement in gap between PDCCH search space
RAN2-123 meeting agreed UE can autonomously start GNSS measurement during DRX inactive time. There is another case for NB-IoT whether the gap between PDCCH search space can be used for GNSS measurement.
	· 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.



For NB-IoT, connected mode measurements was introduced in Rel-17 e.g. for early measurement for RLF enhancement. There is no explicit scheduling gap created for this purpose. In other words, it is not possible to configure explicit measurement and measurement gap for NB-IoT connected mode in current specification. UE is expected to make use of gaps already configured for PDCCH search-space or C-DRX inactive time for this purpose. The 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 gap between PDCCH search space. Therefore, the search space gap (natural gap) can be used for GNSS measurement. 
Proposal 7: Similar to C-DRX inactive time, NB-IoT UE can use the gaps 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, the solution agreed for C-DRX inactive time can be used for natural gap as well.
Proposal 8: The agreements for GNSS measurement in C-DRX inactive time can be modified as below to consider the gap between PDCCH search space.
· UE can autonomously start GNSS measurement during the inactive state of C-DRX or the gap between PDCCH search space.
· The exact time of starting GNSS measurement during the inactive state of C-DRX or the gap between PDCCH search space can be left for UE implementation.


3	Conclusion
This document has made the following observations:
Observation 1: The GNSS position fix time duration may be longer than the remaining serving cell time.
Observation 2: Based on network configuring the UE to report the GNSS position fix time duration, the UE is aware the network will either aperiodically trigger the GNSS measurement gap or configure the autonomous GNSS measurement.
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.
Observation 5: UE behaviour (e.g. AS operations) upon completing the CBRA procedure within the GNSS measurement gap / autonomous GNSS measurement timer is not clear. 
And proposed the following:
Proposal 1: When the remaining serving cell time is shorter than the GNSS position fix time duration, the UE shall not trigger the autonomous GNSS measurement, but instead move to RRC Idle upon expiry of the GNSS validity duration.
Proposal 2: There is no need for RRC configuration of the network-triggered aperiodic GNSS measurement gap. 
Proposal 3: The remaining GNSS validity duration is unchanged even if duration X is provided. The UE moves to RRC Idle or performs the UE autonomous GNSS measurement upon the expiry of both the GNSS validity duration and the duration X.
Proposal 4: The UE shall extend the duration for UL transmission by X but refer to the original GNSS validity duration for location-based mobility.
Proposal 5: The GNSS measurement gap / autonomous GNSS measurement timer ends after the UE starts the Random Access Response window for a CBRA procedure if the RAR window started before the end of the original gap/timer.
Proposal 6: The UE must support receiving the aperiodic trigger for a GNSS measurement gap if the UE supports the autonomous GNSS measurement.
Proposal 7: Similar to C-DRX inactive time, NB-IoT UE can use the gaps between PDCCH search space for GNSS measurement to avoid cellular communication interruption during the connection.
Proposal 8: The agreements for GNSS measurement in C-DRX inactive time can be modified as below to consider the gap between PDCCH search space.
· UE can autonomously start GNSS measurement during the inactive state of C-DRX or the gap between PDCCH search space.
· The exact time of starting GNSS measurement during the inactive state of C-DRX or the gap between PDCCH search space can be left for UE implementation.
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