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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 connections 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. 
[bookmark: _Hlk510705081]Discussion
Aperiodically triggered GNSS measurement
At RAN1#110bis the following was agreed:
	Agreement
Support eNB to at least aperiodically trigger UE to make GNSS measurement.


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 


The agreement is good because it enables the UE and eNB to 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 actually unavailable due to the GNSS measurement, and the best approach to facilitate this is to let eNB control the GNSS measurements and the UE to follow the eNB’s command.
Observation 1: The common understanding between UE and eNB on when the UE is performing GNSS measurements, and is unavailable for scheduling, is of key importance.
The network may trigger the aperiodic GNSS measurement because it observes the UE’s uplink transmission is misaligned or if the network is planning to schedule a long repetition period in which the current GNSS validity duration will expire. 
Observation 2: Network may trigger the aperiodic GNSS measurement due to misaligned uplink transmissions or due to a pending long repetition period in which the current GNSS validity duration will expire.
At RAN1#112bis the following was agreed:
	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.
Agreement
On when the aperiodic GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, the start time should be at n+ X, where n is the end of MAC CE receiving subframe/slot
· FFS: details of X, e.g. predefined value or configured value, considering HARQ feedback for the MAC CE, etc


At RAN1#114 the following was agreed:
	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
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


In our view, the FFS for GNSS measurement gap and GNSS measurement timer can be deleted as the range of values is already large and reflecting the UE reported GNSS position fix time duration.
Proposal 1: The GNSS measurement gap range do not require additional values.
Proposal 2: The GNSS measurement timer range do not require additional values.
At RAN1#114 the following was agreed:
	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.
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 
· X1=12ms for NB-IoT
· X1=6ms for eMTC


The only remaining issue is whether the X2 is predefined or configured by the eNB. In our view, the X2 can be predefined and equal to X1, because it will only have to account for the UE switching from UL transmission to GNSS measurement.
Proposal 3: For the aperiodic GNSS measurement gap the X2 can be predefined and be equal to the predefined X1. 
At RAN1#113 the following was agreed:
	Agreement
The UE is not required to transmit or receive any channel / signal within the aperiodic GNSS measurement gap duration before the UE reacquires GNSS successfully. 
FFS: UE’s behavior within the duration after UE reacquires GNSS successfully to the end of the gap if the UE reacquires GNSS successfully before the end of the gap.


At RAN#114 it was further agreed:
	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 Random Access procedure in TS 36.321 defines the Random Access Response window, which also accounts for NTN propagation delays. Thus based on the RAN1 agreement for CBRA it is clear when the UE shall monitor the PDCCH for a response to the PRACH.
Observation 3: Based on the Random Access procedure accounting for NTN propagation delay it is clear when the UE shall monitor the PDCCH for a response to the PRACH.
The agreement on PDCCH monitoring within the GNSS measurement gap contains an FFS on whether other reporting procedures are needed. In our view, it may be beneficial for the communication latency to allocate one or a few UL resources (PUCCH for eMTC) during the measurement gap, such that the UE can send a Scheduling Request to request transmission of the new remaining GNSS validity duration. However, the discussion can also be left to RAN2.
Proposal 4: Leave it to RAN2 to discuss whether Scheduling Request resources or other procedures are allowed in addition to the CBRA during the GNSS measurement gap.
GNSS measurement collision with repetition period
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. 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. 
Observation 4: There may be a need for a GNSS measurement during a long period of downlink/uplink repetitions.
Proposal 5: RAN1 to discuss handling a GNSS measurement during a long period of downlink/uplink repetitions.
Extension of GNSS validity duration
The conditions to allow UL transmissions after the expiry of the GNSS validity duration were discussed at RAN1#112 with the following agreement:
	Agreement
At least for the case when frequency error is within frequency error requirements, study the mechanisms and conditions to allow UL transmission after original GNSS validity duration expires without GNSS re-acquisition for some duration.
· FFS: with legacy closed loop time correction or enhanced closed loop time correction
· This mechanism is enabled/configured by eNB
· FFS: whether such mechanism will be specified depends on the outcome of this study


At RAN1#112bis the following was discussed and recommended for further discussion [2]:
	FL recommendation 1-2:
Companies are encouraged to evaluate on whether the duration is GNSS validity duration extension, or one value/timer configured by network, then further encouraged to down select:
· Alt 1: the duration is based on remaining timeAlignmentTimer 
· Alt 2: the duration is one value/timer configured by network
Note: Frequency error is within frequency error requirements.


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.



The agreement allows the network to control whether UE can continue uplink transmissions after the expiry of the original GNSS validity duration. The timeAlignmentTimer (RRC configured) has a range from 500 subframes to 10240 subframes and in addition infinity. 
In our view, the timeAlignmentTimer is used by the MAC layer to determine whether the UE is uplink time aligned and the timeAlignmentTimer is started/restarted whenever the UE receives a Timing Advance Command (TAC) MAC CE. The network may want to transmit such a TAC shortly before the expiry of the GNSS validity duration, because the UE’s timing is misaligned, e.g. due to the position being outdated. The corresponding restart of the timingAlignmentTimer should not enable the UE to continue transmissions after the GNSS validity duration expiry, because the UE may be in need of the position update. Therefore, the note1 in the agreement is important to enable the network to disable the extension despite having a non-zero timeAlignmentTimer. The disabling should be dynamic, but how to signal this can be left for RAN2.
Observation 5: the eNB may transmit a Timing Advance Command prior to the GNSS validity duration expiry without intending to extend the GNSS validity duration expiry by the corresponding restart of the timeAlignmentTimer.
Observation 6: Network can disable the extension according to duration X when the timeAlignmentTimer is non-zero and UE has inaccurate GNSS position. Leave the implementation details to RAN2.
According to the agreement the network can configure the timeAlignmentTimer to infinity and then configure another value Y to extend the uplink transmissions according to this other value Y.
The FFS is whether the extension also applies to extending the original GNSS validity duration. This is an important discussion point, because it also defines whether the UE shall continue to perform uplink pre-compensation based on the old UE location. If the extension does not apply to also reuse the location the UE is not able to perform uplink pre-compensation, because it does not have a location to apply in the calculation of propagation delay and Doppler shift. See e.g. the description in TS 36.300: 
	[bookmark: _Toc139404036]23.21.2.2	Timing Advance and Frequency Pre-compensation
For the serving cell, the network broadcast ephemeris information and common Timing Advance (common TA) parameters.
The UE shall have valid GNSS position as well as the ephemeris and common TA before connecting to an NTN cell. To achieve synchronisation, before and during connection to a cell, the UE shall pre-compensate the Timing Advance (TTA, see TS 36.211 [4] clause 8.1), see Figure 23.21.2.2-1, by considering the common TA, UE position and the NTN payload position through the ephemeris.
The UE computes the frequency Doppler shift of the service link, and pre-compensates for it in the uplink transmissions, by considering UE position and the ephemeris. If the UE does not have a valid GNSS position and/or valid ephemeris and Common TA, it shall not transmit until they are regained.


This would require the eNB instead provides Timing Advance Commands to fully control the UE transmission. 
Observation 7: If the uplink transmission is allowed in a duration X after expiry of the original GNSS validity duration, the UE cannot perform uplink pre-compensation based on UE location unless the duration X also extends the GNSS validity duration.
If the eNB provides the Timing Advance Commands and notices misaligned uplink transmission the eNB can always trigger a new aperiodic GNSS measurement gap. Therefore it seems OK from RAN1 point of view to define the allowance of uplink transmission during duration X but does not extend the GNSS validity duration. 
Observation 8: eNB can provide Timing Advance Commands to control UE uplink timing, if the GNSS validity duration is not extended, and eNB can trigger a new aperiodic GNSS measurement gap if needed.
However, not extending the GNSS validity duration will also impact RAN2 mobility procedures based on location. 
Proposal 6: Leave it to RAN2 to decide whether the duration X is considered as extended GNSS validity duration or only allows uplink transmissions after expiry of the original GNSS validity duration.
Reporting related to GNSS parameters 
At RAN1#110bis the following was agreed:
	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 


At RAN1#112 it was further agreed
	Agreement
UE reports only one GNSS position fix time duration for GNSS measurement at least when moving to RRC connected state.


At RAN1#113 the following was agreed:
	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


The agreement enables the eNB to be aware of the GNSS position fix time duration such that the eNB knows the minimum length of the GNSS measurement gap. The information is required at the RRC Connection setup such that the eNB can prepare the scheduling of the GNSS measurement gap. 
In our view, the FFS can be deleted as the range of values is already large. Especially the larger values may impact UE measurement and mobility procedures, but this is for RAN2 to discuss.
Observation 9: The GNSS position fix time duration may have impact on RAN2 measurement and mobility procedures.
Proposal 7: The GNSS position fix time duration range do not require additional values
At RAN1#110bis the following was agreed:
	Agreement
In connected mode, UE may report GNSS validation duration with MAC CE.


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. Note the agreement refers to validation instead of validity.  
To ensure timely reporting of the GNSS validaty 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. This works well in predictable scenarios. However, the UE’s mobility state/location may also changed unexpectedly and therefore it will be beneficial to discuss how the UE can detect such unexpected movement and how the UE can trigger a new GNSS measurement, for example by reporting a new GNSS validity duration to the eNB (since such validity duration will also change based on the movement). 
Observation 10: The UE’s mobility state/location may change and therefore cause a change in the expected GNSS validity duration.
In release 17 it was discussed (by RAN2) that the UE is expected to have a valid GNSS fix before it establishes a RRC Connection. However, it may not be strictly necessary for the UE to re-acquire the GNSS fix before setting up the connection. This is for example the case when the UE has been very briefly in RRC Idle due to an RLF or is performing a handover / cell reselection. In such scenarios it would be important to define whether the UE can reuse the previous GNSS fix and whether the UE shall report the GNSS validity duration. Thus UE triggers to control this behavior would be good to discuss in RAN1.
Observation 11: GNSS reacquisition may not always be needed if the UE has been RRC Idle for a short period during a long connection.
Proposal 8: RAN1 or RAN2 to discuss how UE can trigger the reporting of GNSS validity duration if the duration has changed and after a short period in RRC Idle. 
Reporting of GNSS measurement success
At RAN1#112 the following was agreed:
	Agreement
The following alternatives can be considered to inform eNB the success of GNSS measurement at UE side after GNSS measurement in RRC connected.
· Alt-1: The UE will report the new GNSS validity duration 
· Alt-2: The reception of any UL transmission from the UE at eNB after the GNSS measurement



At RAN2#122 the following was agreed:
	Agreements:
1.	Confirm the working assumption that GNSS validity duration UE reports is the remaining validity duration.
2.	The UE triggers GNSS measurement reporting every time upon completing the GNSS fix operation.


Thus alternative 2 of option c is now defined by RAN2. At RAN1#114 this was confirmed:
	Agreement
In RRC connected, every time after successful GNSS measurement, UE reports the new remaining GNSS validity duration.
FFS: Whether UE should report the new remaining GNSS validity duration within a duration D.


In our view it is not necessary to define the UE reports the new remaining GNSS validity duration within a duration D for the following reasons: 
· It is general legacy behavior for a UE to request resources as soon as possible if there is a non-empty buffer status. Thus, when the MAC CE with the new GNSS validity duration is generated the UE shall request the resources to provide the success indication (i.e. the MAC CE with the GNSS validity duration).
· It is in the UEs interest to report the new remaining GNSS validity duration as soon as possible, because it enables the UE and eNB to continue the data communication using the new GNSS validity duration.
· If the UE does not provide the success indication before the expiry of the previous GNSS validity timer the UE shall move to RRC Idle. The reason is that the eNB will not be aware of the new GNSS validity duration before the UE has reported it. Therefore, the UE shall not delay the success reporting.
· The UE may finish the GNSS measurement before the end of the GNSS measurement gap and therefore the UE shall also be able to report the success even before the duration D has started 
· The UE may need to obtain new system information (e.g. SIB31) after the GNSS measurement and thus the time until the UE can report the success can be prolonged. This would therefore require a very conservative D configuration.
· If the UE does not report the validity duration, because the measurement failed, the eNB can apply implementation-specific procedures to determine the failure. This is similar to when a UE experiences a radio link failure (RLF) and the eNB detects scuh an event. Likewise, when the reporting fails the eNB can detect the issue just like detecting RLF. In both cases, the eNB can transmit a RRC Release to ensure UE and eNB are aligned.

Proposal 9: There is no need for a requirement defining UE reports the new remaining GNSS validity duration within a duration D.
An additional important aspect for option c) is how the UE performs uplink transmission after the successful GNSS measurement gap. 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, RAN1 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 preconfigured uplink resource. The previous N_TA may be applicable in scenarios where the UE mobility is limited. Therefore the reuse of the previous N_TA could be conditioned on whether the new UE position is different from the previous UE position.
Proposal 10: RAN1 to discuss whether the UE after a successful GNSS measurement gap either performs the Random Access procedure or reuses the previous N_TA, when the new UE position is similar to the previous UE position.
Conclusion
In this contribution we have made the following observations:
Observation 1: The common understanding between UE and eNB on when the UE is performing GNSS measurements, and is unavailable for scheduling, is of key importance.
Observation 2: Network may trigger the aperiodic GNSS measurement due to misaligned uplink transmissions or due to a pending long repetition period in which the current GNSS validity duration will expire.
Observation 3: Based on the Random Access procedure accounting for NTN propagation delay it is clear when the UE shall monitor the PDCCH for a response to the PRACH.
Observation 4: There may be a need for a GNSS measurement during a long period of downlink/uplink repetitions.
Observation 5: the eNB may transmit a Timing Advance Command prior to the GNSS validity duration expiry without intending to extend the GNSS validity duration expiry by the corresponding restart of the timeAlignmentTimer.
Observation 6: Network can disable the extension according to duration X when the timeAlignmentTimer is non-zero and UE has inaccurate GNSS position. Leave the implementation details to RAN2.
Observation 7: If the uplink transmission is allowed in a duration X after expiry of the original GNSS validity duration, the UE cannot perform uplink pre-compensation based on UE location unless the duration X also extends the GNSS validity duration.
Observation 8: eNB can provide Timing Advance Commands to control UE uplink timing, if the GNSS validity duration is not extended, and eNB can trigger a new aperiodic GNSS measurement gap if needed.
Observation 9: The GNSS position fix time duration may have impact on RAN2 measurement and mobility procedures.
Observation 10: The UE’s mobility state/location may change and therefore cause a change in the expected GNSS validity duration.
Observation 11: GNSS reacquisition may not always be needed if the UE has been RRC Idle for a short period during a long connection.
And the following proposals:
Proposal 1: The GNSS measurement gap range do not require additional values.
Proposal 2: The GNSS measurement timer range do not require additional values.
Proposal 3: For the aperiodic GNSS measurement gap the X2 can be predefined and be equal to the predefined X1. 
Proposal 4: Leave it to RAN2 to discuss whether Scheduling Request resources or other procedures are allowed in addition to the CBRA during the GNSS measurement gap.
Proposal 5: RAN1 to discuss handling a GNSS measurement during a long period of downlink/uplink repetitions.
Proposal 6: Leave it to RAN2 to decide whether the duration X is considered as extended GNSS validity duration or only allows uplink transmissions after expiry of the original GNSS validity duration.
Proposal 7: The GNSS position fix time duration range do not require additional values
Proposal 8: RAN1 or RAN2 to discuss how UE can trigger the reporting of GNSS validity duration if the duration has changed and after a short period in RRC Idle. 
Proposal 9: There is no need for a requirement defining UE reports the new remaining GNSS validity duration within a duration D.
Proposal 10: RAN1 to discuss whether the UE after a successful GNSS measurement gap either performs the Random Access procedure or reuses the previous N_TA, when the new UE position is similar to the previous UE position.
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