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1	Introduction
One objective of the ongoing Release 18 WI on IoT NTN [1][2] is to improve the GNSS operation during long connections.  
“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 this contribution, we provide our views on improved GNSS operation for IoT NTN.
2	Improved GNSS operation for IoT NTN
In the following subsections, we share our views on different GNSS-related aspects discussed in RAN1#112.
2.1	Closed loop time and frequency correction
In the previous RAN1 meetings, the following agreements were made on closed loop time and frequency correction.
Agreement
Closed loop time and frequency correction, with potential enhancements, for IoT-NTN is considered to reduce the need for UE to update GNSS position fix in long connection time.
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
In NTN, a UE can adjust its timing autonomously as long as it has a valid GNSS position. It is already possible to support closed loop timing correction in NTN as in terrestrial eMTC/NB-IoT. A key question is if the existing Timing advance (TA) maintenance procedure is sufficient to maintain a moving UE’s timing in IoT NTN. To address this, recall that the additional timing uncertainty in NTN stems from a) satellite’s motion and b) UE’s motion. It is expected that an IoT NTN UE will apply segmented uplink pre-compensation to account for the timing drift due to satellite’s motion. Therefore, for the sake of argument, let us assume a worst-case TA error due to satellite motion of 0.39  (i.e., 12*Ts where Ts=32.55 ns) for an eMTC UE. We note that this value is an upper bound on the maximum possible TA error due to satellite motion at the end of an uplink transmission segment assuming that the UE is stationary and the satellite contributes to a worst-case TA drift of 100 s/s. We note that for NR NTN, RAN4 has relaxed the initial transmit timing error requirement from 12*Ts to 29*Ts to account for errors in the satellite/UE positions. If we assume a similar relaxation for eMTC NTN (which has a minimum transmit timing error requirement of 12*Ts in terrestrial networks), the net timing error due to satellite/UE motion needs to be within 17*Ts for eMTC NTN. Assuming a worst-case TA error of 12*Ts due to satellite motion at the end of a transmission segment, there remains 5*Ts (0.16 s) to account for the TA error due to UE mobility. In Table 1, we provide the time duration until which the UE can meet the uplink transmit timing error budget for various UE speeds. The TA error rate due to UE mobility is estimated for LEO at 600 km and 30 degrees elevation angle based on the data provided in Table 1 in [3]. 
[bookmark: _Ref115304915]Table 1 Impact of UE mobility on timing error requirements for eMTC NTN.
	UE speed
	TA error rate due to UE mobility only
	TA error due to satellite’s motion only
	Time to reach the timing error limit of 17*Ts

	3 km/h
	0.00467 s/s
	0.39 s
	34.3 s

	60 km/h
	0.0967 s/s
	0.39 s
	1.65 s

	120 km/h
	0.193 s/s
	0.39 s
	0.83 s



Without closed loop timing correction, Table 1 shows that for 3 km/h, the UE may need to correct its timing to account for TA error due to UE mobility either via a TA command (TAC) or by refreshing its GNSS after 34 s. At 120 km/h, such an intervention will be needed every 0.83 s. Note that in this analysis, we have assumed that the UE already corrects its timing every segment to account for the TA error due to satellite motion. To conclude, the existing closed loop timing control mechanism is sufficient to address the uncertainty in UE’s position.
[bookmark: _Toc134810756]The existing TAC mechanism is sufficient to address the timing error due to incorrect UE position in IoT NTN. 

[bookmark: _Hlk129700709]Enhancements to enable UL transmission despite GNSS validity duration expiry
Minor enhancements to closed-loop mechanism may be needed to enable an energy efficient operation that avoids GNSS position fix. For instance, the network should have the possibility to indicate to the UE if it can continue to transmit on the uplink even if the GNSS position validity duration has expired. This is essential because the role of closed-loop timing control is to reduce the need of GNSS reacquisition – so even if the GNSS position is invalid, the network may continue to send TACs to help the UE maintain its uplink synchronization. In line with the latest RAN1 agreement, we propose the following:  
[bookmark: _Toc134810851]eNB to indicate a time duration X to an IoT NTN UE in connected mode such that the UE can continue its uplink transmission for a time duration X after GNSS validity duration has expired (where X is FFS). 
We note that it is up to RAN2 to develop specifications to support the above proposal while minimizing the specification impact. For example, it can be achieved by extending the GNSS validity duration, and/or introducing a new validity duration parameter during which the UE is allowed to transmit.  
[bookmark: _Toc134810852]RAN2 to decide whether the GNSS extension duration X is configured by directly extending the GNSS validity duration or by introducing a new validity duration/timer.

UE-specific timing drift
Moreover, if the network solely relies on TACs to correct UE’s timing before or after GNSS position validity expiry, the signalling overhead could be very high due to the large timing drift. A potential solution is to allow the UE to compute its TA values (until a new TAC is received) based on the service link and common TA drift parameters, where the parameters related to the service link drift can either be tracked by the UE or indicated by the network. This semi-autonomous approach may help reduce the signalling overhead as fewer TACs will be needed; and the UE need not perform a GNSS position fix to correct its timing.
For IoT NTN, it is possible for a network to broadcast drift parameters for common TA. If the network additionally indicates the UE-specific timing drift parameters for the TA to a UE in connected mode, it may enable the UE to update its TA values accordingly (until a new TAC is received) to compensate for its inaccurate GNSS position.  
[bookmark: _Toc134810853]Network to optionally indicate UE-specific timing drift parameters to an IoT NTN UE in connected mode. 
[bookmark: _Toc134810854]Upon GNSS position expiry in connected mode, an IoT NTN UE to use UE-specific drift information (in addition to common TA parameters) to calculate TA values before receiving the next TA command.   
Unlike the closed loop TA mechanism, the closed loop frequency adjustment (FA) mechanism is not currently supported. Based on the results reported by the proponents of closed-loop FA, it seems that the frequency error in IoT NTN is comparable to that in terrestrial networks, barring some corner cases. Therefore, we do not see a strong need to design and introduce a new closed-loop FA signalling mechanism for IoT NTN.     
[bookmark: _Toc134810855]Closed loop frequency correction mechanism shall not be specified unless absolutely necessary.
2.2	GNSS acquisition in connected mode
[bookmark: _Hlk130557332]In RAN1#109-e, it was concluded that an IoT NTN UE may need to re-acquire a GNSS position fix during a long connection. In addition, RAN1 has made the following agreements on this front.
Agreement
At least the following options can be considered on GNSS measurement in connected for potential enhancements for improved GNSS operations: 
· Option 1: UE re-acquires GNSS position fix during RLF procedure
· Option 2: UE re-acquires GNSS position fix with a new gap 
Note: this does not imply that a Rel-18 IoT NTN UE is mandated to support one or both of the options.
Agreement
Further study on whether there is a need for potential enhancements on the following for long connection time
· UE triggered GNSS measurement.
· Network triggered GNSS measurement. 
Agreement
Support eNB to at least aperiodically trigger UE to make GNSS measurement.
Agreement
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
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
Agreement
On the length of GNSS measurement gap, which is aperiodically triggered by eNB, the gap duration should be equal to or larger than the latest UE reported GNSS position fix time duration.
FFS: whether the gap duration is configured by eNB, or the gap duration is equal to the latest reported GNSS position fix time duration.
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
UE reports one GNSS position fix time duration for GNSS measurement via a N-bit field at least including [1,2] seconds as component values.
1. FFS: value of N, other component value(s) of GNSS position fix time duration (e.g. N=3, with value in [1,2,3,7,13,19,25, X] seconds, and X is FFS).
FFS: whether RAN4 input is needed.

Aperiodic triggering of GNSS measurement using RRC signalling
We think that it falls within RAN2 domain to adjudge the merits of using MAC CE and/or RRC signalling for triggering GNSS measurement. RAN1 has already agreed on using a MAC CE for triggering GNSS measurement. For example, a MAC CE that triggers the UE to do GNSS measurements means that the UE will stop transmitting PUCCH/PUSCH and stop receiving PDCCH/PDSCH to instead make a GNSS measurement. This is a major security risk: if an attacker sends this triggering MAC CE, the UE will stop communicating and disappear from the network’s point of view! 
[bookmark: _Toc127516526][bookmark: _Toc134810757]Using MAC CE to trigger UEs to acquire GNSS position fix carries a major security risk. 
Therefore, we should also allow RRC signalling to trigger the UE to start GNSS position acquisition for security reasons – which will also increase the reliability of the signalling with only minor addition in delay as compared to a MAC CE. Using RRC also has the benefit that when the report is ready to be transmitted, an SR/BSR will be triggered in case the UE has no grant available – which would be an issue if the UE only reports via MAC CE. 
[bookmark: _Toc127516527][bookmark: _Toc134810758]Using RRC for reporting the GNSS validity duration and GNSS position fix time duration will trigger SR/BSR when reports are ready while a MAC CE will not trigger SR/BSR. Further RRC is more secure and can reuse the existing gnss-validityDuration IE for the report. 
We think that RAN1 should also agree on supporting RRC signalling to facilitate an unbiased technical discussion in RAN2. Otherwise, RAN2 discussion is rendered ineffective due to RAN1 agreement on a topic which falls within RAN2 expertise. Therefore, we propose the following:   
[bookmark: _Toc134810856]If eNB aperiodically triggers UE to make GNSS measurement, RRC signalling is used.
UE autonomous GNSS acquisition
RAN1 has already agreed on supporting UE autonomous GNSS acquisition. We think that the aperiodic and UE autonomous GNSS measurements provide complementary mechanisms for GNSS reacquisition. We expect the network to typically use UE autonomous GNSS measurement as a default mechanism and use one-shot aperiodic trigger only when needed, e.g., when the network wants to command a UE to perform GNSS measurement before the expiry of validity duration, it can send an aperiodic GNSS measurement trigger. Otherwise, the UE will perform the UE autonomous GNSS acquisition after the expiry of its GNSS validity or extended GNSS validity based on the configuration provided by the network. We note that for UE autonomous GNSS acquisition, network will typically provide the configuration information at the start of the connection and no additional signalling will be necessary. For the aperiodic case, however, the signalling overhead will be relatively higher as an eNB trigger will be signalled for each aperiodic GNSS measurement.
[bookmark: _Toc134810759]UE autonomous GNSS measurement is expected to incur less signalling overhead (versus aperiodic GNSS trigger) as it can be configured once at the start of the connection.
[bookmark: _Toc134810760]A UE autonomous GNSS measurement can be tied to the end of the GNSS validity plus extension duration.
[bookmark: _Toc134810761]eNB is expected to use aperiodic GNSS measurement sparingly due to a higher signalling overhead.
Therefore, we put forth the following proposal:
[bookmark: _Toc134810857]A UE autonomous GNSS measurement will occur after a duration D following the end of the GNSS validity duration plus extension duration (if any) when the UE did not receive an aperiodic GNSS measurement trigger during its GNSS validity or GNSS extension duration (if any). FFS: the value of D, e.g., D=0 when UE autonomous measurement is to be performed without delay following the end of GNSS validity plus extension duration.
In the above proposal, the start of the UE autonomous GNSS duration can be performed with or without delay after the end of the GNSS validity plus extension duration. 
Can UE autonomous GNSS measurement be periodic?
In the previous meeting, there was confusion on the periodic nature of autonomous GNSS measurement.  
[bookmark: _Toc134810762]UE autonomous GNSS measurement is a recurring measurement which can cater to periodic scenarios. 
A periodic GNSS measurement mechanism is suitable when the GNSS related parameters remain unchanged. For example, if the GNSS validity duration is V sec, the GNSS extension duration is E sec, UE GNSS position fix time duration is F sec, and the autonomous GNSS is performed after a delay D sec following the end of the GNSS validity plus extension duration, the UE will perform periodic GNSS measurement after every V+E+F+D sec as long as it does not receive an aperiodic measurement trigger, e.g., with V=10 sec, E=1 sec, F= 2 sec, D=0 sec, the UE will perform a time-periodic autonomous GNSS measurement every 13 sec.
[bookmark: _Toc134810763]When the GNSS validity plus extension duration and the GNSS measurement time duration remains unchanged, a UE autonomous GNSS measurement will be a time-periodic GNSS measurement. 
If any of the GNSS measurement parameters change after GNSS measurement, then autonomous GNSS measurement will adjust accordingly. For example, we use the same initial parameter as above with V=10 sec, E=1 sec, F= 2 sec, D=0, a UE autonomous measurement will occur every 13 sec BUT let us suppose the validity duration V changes to 20 sec, then the next autonomous measurement will occur after 23 sec. In this sense, the measurement is not strictly time-periodic due to irregular time intervals of 13 sec and 23 sec.  
[bookmark: _Toc134810764]When the GNSS validity plus extension duration or the GNSS measurement time duration changes, the UE autonomous GNSS measurement instances will adjust accordingly so that it will still be a recurring but not necessarily a time-periodic GNSS measurement occurring at regular time intervals.
Therefore, we propose the following:
[bookmark: _Toc134810858]RAN1 to conclude that UE autonomous GNSS measurement is a recurring measurement which also supports periodic GNSS measurement when GNSS-related parameters remain unchanged. 
Length of GNSS measurement gap
Before accessing the network, the UE will already have a valid GNSS position. If the GNSS position fix is made at least every 4 hours, it will typically correspond to a hot start. As a result, we mainly need to focus on hot start when specifying the possible values for the GNSS gap duration. Nonetheless, due to UE mobility, there might be scenarios where a warm start will be needed. Therefore, we put forth the following proposal. 
[bookmark: _Toc134810859]Network to configure the GNSS measurement gap duration from the following set of values: {1, 2, 5, X} seconds, where X is FFS. 
2.3 	GNSS measurement starting instance
In Rel-18, RAN1 has made the following agreements on the starting instance of the GNSS measurement gap.
Agreement
On when the GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, RAN1 can down select one of the following alternatives:
· Alt 1: 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
· Alt 2: the start time should be based on the current GNSS validity duration with delay or without delay
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
We think that X can be a pre-defined value configured value to enable the network to schedule a gap flexibly. 
[bookmark: _Toc134810860]If the starting instance of an aperiodic GNSS measurement gap is n+X, where n is the end of the downlink subframe/slot containing the MAC CE for an aperiodic GNSS trigger, the value X can be set to a pre-defined value unless configured explicitly by the network.
The values of X should be defined such that the scenarios where HARQ is enabled/disabled are supported. 
[bookmark: _Toc134810765]If the starting instance of an aperiodic GNSS measurement gap is n+X, where n is the end of the downlink subframe/slot containing the MAC CE for an aperiodic GNSS trigger, X should be chosen to support cases with HARQ feedback enabled as well as disabled.
The MAC CE for the aperiodic GNSS trigger is mapped to a (N)PDSCH. Therefore, the UE needs to decode (N)PDSCH in order to read the GNSS trigger command. The minimum value of X to be supported can be based on the minimum processing time that a UE needs to decode (N)PDSCH. 
[bookmark: _Toc134810766]The minimum value of X to be supported can be based on the minimum processing time that a UE needs to decode the GNSS trigger command carried by the (N)PDSCH. 
2.3.1	HARQ feedback disabled
Let us consider the case where HARQ feedback is disabled for the (N)PDSCH carrying the MAC CE with the aperiodic GNSS trigger. We provide below the relevant agreements for NB-IoT and eMTC. 
Agreement
[bookmark: _Hlk117589493]For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH in a period of Y=12(ms) from the end of reception of the NPDSCH.
Agreement
For a DL HARQ process with disabled HARQ feedback in eMTC, UE is not expected to receive another MPDCCH carrying a DCI scheduling a PDSCH for a given HARQ process or to receive another PDSCH without corresponding MPDCCH for the given HARQ process that starts at a BL/CE DL subframe until X=3 (ms) have passed after the end of the reception of the last PDSCH for that HARQ process.
Based on the above agreements, an NB-IoT UE is allowed up to 12 ms to decode the GNSS trigger command carried by an NPDSCH while an eMTC UE has 3 ms to decode the GNSS trigger command carried by a PDSCH. The GNSS gap can commence after the lapse of this time duration. 
[bookmark: _Toc134810767]An NB-IoT UE is allowed up to 12 ms to decode the GNSS trigger command carried by an NPDSCH whereas an eMTC UE has 3 ms to decode the GNSS trigger command carried by a PDSCH.
Therefore, we propose the following:
[bookmark: _Toc134810861]If the starting instance of an aperiodic GNSS measurement gap is n+X where n is the end of the downlink subframe/slot containing the MAC CE for an aperiodic GNSS trigger, then the minimum configurable value of X is 3 subframes for eMTC and 12 subframes for NB-IoT when HARQ feedback is disabled for the (N)PDSCH carrying the MAC CE containing the GNSS trigger.

2.3.2	HARQ feedback enabled
Let us address the case where HARQ feedback is enabled for all downlink HARQ processes in use. Note that one of these HARQ processes will be used for transmitting the GNSS trigger command.
eMTC
For eMTC, it is possible to use up to 8, up to 10, or up to 14 HARQ processes. Therefore, with HARQ feedback enabled, there can be more than one PUCCH needed to transmit HARQ feedback. HARQ-ACK bundling can be used to transmit HARQ feedback using a fewer number of PUCCHs as there can be up to 4 ACKs/NACKs per PUCCH with HARQ-ACK bundling. However, even with HARQ-ACK bundling, there can still be up to 3 PUCCHs needed to transmit HARQ feedback. 
[bookmark: _Toc134810768]An eMTC UE can be configured with up to 8, up to 10, or up to 14 HARQ processes.
[bookmark: _Toc134810769]For eMTC, up to 3 PUCCHs may be needed to transmit HARQ feedback if HARQ ACK bundling is used.
Therefore, the GNSS measurement gap can start from the subframe after the subframe/slot used to transmit the last PUCCH.
[bookmark: _Toc134810862]GNSS measurement gap can start after the end of the subframe/slot used for transmitting the last PUCCH.
It is better to generalize the description of “X” in terms of the HARQ-ACK delay and the number of PUCCHs to be transmitted.
[bookmark: _Toc134810770]To cater to different scenarios, the description of “X” can be generalized in terms of the HARQ-ACK delay and the number of PUCCHs to be transmitted. 
Therefore, we propose the following to find the GNSS starting time if HARQ feedback needs to be transmitted. Please see Appendix for examples on how this applies to different HARQ-related scenarios.
[bookmark: _Toc134810863]For eMTC NTN with HARQ feedback enabled for all HARQ processes, if the starting instance of an aperiodic GNSS measurement gap is n+X where n is the end of the downlink subframe/slot containing the MAC CE for an aperiodic GNSS trigger, then X = HARQ-ACK delay + (#PUCCHs not overlapping with the HARQ-ACK delay) + 1.

NB-IoT
In NB-IoT, there can be up to 2 DL HARQ processes. When HARQ feedback is enabled for a downlink HARQ process, the HARQ feedback is transmitted via NPUSCH Format 2. The length of an NPUSCH format 2 resource unit is 2 ms or 8 ms for a subcarrier spacing of 15 kHz or 3.75 KHz, respectively.
[bookmark: _Toc134810771]An NB-IoT UE can be configured with up to 2 HARQ processes.
[bookmark: _Toc134810772]When two HARQ processes are configured, the GNSS measurement command can be carried by either the first or the second HARQ process.
[bookmark: _Toc134810773]The length of an NPUSCH Format 2 resource unit is 2 ms for a subcarrier spacing of 15 kHz and 8 ms for a subcarrier spacing of 3.75 kHz.
We need to address the following three cases when HARQ feedback is enabled for all the HARQ processes in use: 
· Only one HARQ process is used and the GNSS trigger is carried by that HARQ process;
· Two HARQ processes are used and the GNSS trigger is carried by the first HARQ process;
· Two HARQ processes are used and the GNSS trigger is carried by the second HARQ process.
Therefore, we propose the following to cover the above scenarios.
[bookmark: _Toc134810864]For NB-IoT NTN with HARQ feedback enabled for all HARQ processes, if the starting instance of an aperiodic GNSS measurement gap is  where  is the end of the downlink subframe/slot containing the MAC CE for an aperiodic GNSS trigger, then        
[bookmark: _Toc134810865]where “k0” is obtained from Table 16.4.2-1 or Table 16.4.2-2 of TS 36.213 when NPUSCH Format 2 uses a 3.75 kHz or a 15 KHz subcarrier spacing,  is the length of an NPUSCH Format 2 resource unit, and “NSF” is the number of NPDSCH subframes.
We provide several examples for the above proposal in the Appendix.
2.3.3	HARQ feedback disabled/enabled
In IoT NTN, it is possible to have a scenario where HARQ feedback is enabled for some and disabled for the other HARQ processes. Therefore, we also need to address this case.
[bookmark: _Toc134810866]For IoT NTN, the design of the GNSS start time should also consider the hybrid scenarios where HARQ feedback is enabled for some and disabled for other HARQ processes. Details are FFS.
2.4	GNSS assistance information
In the Rel-18 WI on IoT NTN, RAN1 has made the following agreements for GNSS assistance information.  
[bookmark: _Hlk130557510]Agreement
GNSS assistance information that UE reports to eNB at least consists of:
· GNSS position fix time duration for measurement 
· GNSS validity duration 
Agreement
When eNB triggers UE to make GNSS measurements, UE re-acquires GNSS position fix.
· FFS details of signalling
· FFS how UE reports GNSS assistance information after eNB trigger and the detailed content
· Note: further discuss whether a UE is expected to handle all eNB triggers
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 
Agreement
In connected mode, UE may report GNSS validation duration with MAC CE.
Agreement
UE reports only one GNSS position fix time duration for GNSS measurement at least when moving to RRC connected state.
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

When a UE reacquires a GNSS position fix in connected mode, it should report GNSS assistance information where RAN2 can decide whether to use MAC or RRC for signalling. At least the GNSS validity duration should always be reported after GNSS reacquisition. 
[bookmark: _Toc115306674][bookmark: _Toc134810867]A UE in connected mode shall always report its GNSS validity duration after GNSS reacquisition.
It is essential for the network to know the UE’s latest GNSS validity duration so that it can configure a GNSS measurement gap accordingly. We expect the UE to report its GNSS validity duration after every GNSS position fix regardless of if it changes or not. It is also a simple way to indicate the success of GNSS measurement to the eNB. 
[bookmark: _Toc134810868]If the eNB receives the GNSS validity duration from the UE, it concludes that the UE’s latest GNSS measurement was successful.
Finally, we also need to discuss the format of reporting the GNSS measurement time duration. Before accessing the network, the UE will already have a valid GNSS position. If the GNSS position fix is made at least every 4 hours, it corresponds to a hot start. As a result, we mainly need to focus on hot start when specifying the format of GNSS measurement time duration for IoT NTN. Nonetheless, due to UE mobility, there might be scenarios where a warm start will be needed. Therefore, we put forth the following proposal.
[bookmark: _Toc134810869]UE to report its GNSS measurement time duration in connected mode using a 2-bit field from the following set of values: {1, 2, 5, X} seconds, where X is FFS. 
We support reporting only a single value for GNSS position fix time duration. Otherwise, if multiple values are reported by the UE, the eNB cannot know which value to use while configuring a GNSS measurement gap for the UE. 
[bookmark: _Toc134810870]UE reports only one value (from the set of possible values) for the GNSS measurement time duration in RRC connected state. 
3	Conclusion
Based on the discussion in the previous section we made the following observations:
Observation 1	The existing TAC mechanism is sufficient to address the timing error due to incorrect UE position in IoT NTN.
Observation 2	Using MAC CE to trigger UEs to acquire GNSS position fix carries a major security risk.
Observation 3	Using RRC for reporting the GNSS validity duration and GNSS position fix time duration will trigger SR/BSR when reports are ready while a MAC CE will not trigger SR/BSR. Further RRC is more secure and can reuse the existing gnss-validityDuration IE for the report.
Observation 4	UE autonomous GNSS measurement is expected to incur less signalling overhead (versus aperiodic GNSS trigger) as it can be configured once at the start of the connection.
Observation 5	A UE autonomous GNSS measurement can be tied to the end of the GNSS validity plus extension duration.
Observation 6	eNB is expected to use aperiodic GNSS measurement sparingly due to a higher signalling overhead.
Observation 7	UE autonomous GNSS measurement is a recurring measurement which can cater to periodic scenarios.
Observation 8	When the GNSS validity plus extension duration and the GNSS measurement time duration remains unchanged, a UE autonomous GNSS measurement will be a time-periodic GNSS measurement.
Observation 9	When the GNSS validity plus extension duration or the GNSS measurement time duration changes, the UE autonomous GNSS measurement instances will adjust accordingly so that it will still be a recurring but not necessarily a time-periodic GNSS measurement occurring at regular time intervals.
Observation 10	If the starting instance of an aperiodic GNSS measurement gap is n+X, where n is the end of the downlink subframe/slot containing the MAC CE for an aperiodic GNSS trigger, X should be chosen to support cases with HARQ feedback enabled as well as disabled.
Observation 11	The minimum value of X to be supported can be based on the minimum processing time that a UE needs to decode the GNSS trigger command carried by the (N)PDSCH.
Observation 12	An NB-IoT UE is allowed up to 12 ms to decode the GNSS trigger command carried by an NPDSCH whereas an eMTC UE has 3 ms to decode the GNSS trigger command carried by a PDSCH.
Observation 13	An eMTC UE can be configured with up to 8, up to 10, or up to 14 HARQ processes.
Observation 14	For eMTC, up to 3 PUCCHs may be needed to transmit HARQ feedback if HARQ ACK bundling is used.
Observation 15	To cater to different scenarios, the description of “X” can be generalized in terms of the HARQ-ACK delay and the number of PUCCHs to be transmitted.
Observation 16	An NB-IoT UE can be configured with up to 2 HARQ processes.
Observation 17	When two HARQ processes are configured, the GNSS measurement command can be carried by either the first or the second HARQ process.
Observation 18	The length of an NPUSCH Format 2 resource unit is 2 ms for a subcarrier spacing of 15 kHz and 8 ms for a subcarrier spacing of 3.75 kHz.

Based on the discussion in the previous sections we propose the following:

Proposal 1	eNB to indicate a time duration X to an IoT NTN UE in connected mode such that the UE can continue its uplink transmission for a time duration X after GNSS validity duration has expired (where X is FFS).
Proposal 2	RAN2 to decide whether the GNSS extension duration X is configured by directly extending the GNSS validity duration or by introducing a new validity duration/timer.
Proposal 3	Network to optionally indicate UE-specific timing drift parameters to an IoT NTN UE in connected mode.
Proposal 4	Upon GNSS position expiry in connected mode, an IoT NTN UE to use UE-specific drift information (in addition to common TA parameters) to calculate TA values before receiving the next TA command.
Proposal 5	Closed loop frequency correction mechanism shall not be specified unless absolutely necessary.
Proposal 6	If eNB aperiodically triggers UE to make GNSS measurement, RRC signalling is used.
Proposal 7	A UE autonomous GNSS measurement will occur after a duration D following the end of the GNSS validity duration plus extension duration (if any) when the UE did not receive an aperiodic GNSS measurement trigger during its GNSS validity or GNSS extension duration (if any). FFS: the value of D, e.g., D=0 when UE autonomous measurement is to be performed without delay following the end of GNSS validity plus extension duration.
Proposal 8	RAN1 to conclude that UE autonomous GNSS measurement is a recurring measurement which also supports periodic GNSS measurement when GNSS-related parameters remain unchanged.
Proposal 9	Network to configure the GNSS measurement gap duration from the following set of values: {1, 2, 5, X} seconds, where X is FFS.
Proposal 10	If the starting instance of an aperiodic GNSS measurement gap is n+X, where n is the end of the downlink subframe/slot containing the MAC CE for an aperiodic GNSS trigger, the value X can be set to a pre-defined value unless configured explicitly by the network.
Proposal 11	If the starting instance of an aperiodic GNSS measurement gap is n+X where n is the end of the downlink subframe/slot containing the MAC CE for an aperiodic GNSS trigger, then the minimum configurable value of X is 3 subframes for eMTC and 12 subframes for NB-IoT when HARQ feedback is disabled for the (N)PDSCH carrying the MAC CE containing the GNSS trigger.
Proposal 12	GNSS measurement gap can start after the end of the subframe/slot used for transmitting the last PUCCH.
Proposal 13	For eMTC NTN with HARQ feedback enabled for all HARQ processes, if the starting instance of an aperiodic GNSS measurement gap is n+X where n is the end of the downlink subframe/slot containing the MAC CE for an aperiodic GNSS trigger, then X = HARQ-ACK delay + (#PUCCHs not overlapping with the HARQ-ACK delay) + 1.
Proposal 14	For NB-IoT NTN with HARQ feedback enabled for all HARQ processes, if the starting instance of an aperiodic GNSS measurement gap is  where  is the end of the downlink subframe/slot containing the MAC CE for an aperiodic GNSS trigger, then 
where “k0” is obtained from Table 16.4.2-1 or Table 16.4.2-2 of TS 36.213 when NPUSCH Format 2 uses a 3.75 kHz or a 15 KHz subcarrier spacing,  is the length of an NPUSCH Format 2 resource unit, and “NSF” is the number of NPDSCH subframes.
Proposal 15	For IoT NTN, the design of the GNSS start time should also consider the hybrid scenarios where HARQ feedback is enabled for some and disabled for other HARQ processes. Details are FFS.
Proposal 16	A UE in connected mode shall always report its GNSS validity duration after GNSS reacquisition.
Proposal 17	If the eNB receives the GNSS validity duration from the UE, it concludes that the UE’s latest GNSS measurement was successful.
Proposal 18	UE to report its GNSS measurement time duration in connected mode using a 2-bit field from the following set of values: {1, 2, 5, X} seconds, where X is FFS.
Proposal 19	UE reports only one value (from the set of possible values) for the GNSS measurement time duration in RRC connected state.
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Appendix
We provide examples to illustrate how to determine the start time for the GNSS measurement gap when HARQ feedback is enabled in IoT NTN.
A. eMTC NTN using 8 HARQ processes with HARQ feedback enabled and using HARQ-ACK bundling.
Let us consider the case in Table 2 where an eMTC UE is configured with 8 DL HARQ processes (the HARQ process is configured via MPDCCH and transmitted via PDSCH). HARQ feedback is enabled for all HARQ processes and HARQ-ACK bundling is used for reporting the HARQ feedback using 3 PUCCH. 
[bookmark: _Ref134810033]Table 2 Illustration of the GNSS measurement gap start time for an eMTC NTN UE configured with 8 DL HARQ processes where HARQ feedback is enabled and reported via HARQ-ACK bundling.
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· Example 1:  Let us assume that an aperiodic GNSS measurement gap trigger is indicated using HARQ process #0 which is sent in subframe #2 (i.e., n=2). Using Proposal 3, X = HARQ-ACK delay + (#PUCCHs not overlapping with the HARQ-ACK delay) + 1, we get X=9+2+1=12.

· HARQ-ACK delay = 9 (Please note that HARQ process#0 is ACKed/NACKed using the first PUCCH tagged as “A”, therefore a HARQ-ACK delay of 9 subframes is required).
· #PUCCHs not overlapping with the HARQ-ACK delay = 2 (Using HARQ-ACK bundling, 3 PUCCHs are needed to handle this 8 HARQ processes scenario. The HARQ-ACK delay overlaps with PUCCH A, but not with PUCCH B and C. Thus, the number of PUCCHs not overlapping with the HARQ-ACK delay is 2).
Thus, X=12 such that n+X=2+12=14 and the GNSS measurement gap should start at subframe#14.

· Example 2:  Let us assume that an aperiodic GNSS measurement gap trigger is indicated using HARQ process #7 which is sent in subframe #9 (i.e., n=9). Using Proposal 3, X = HARQ-ACK delay + (#PUCCHs not overlapping with the HARQ-ACK delay) + 1, we get X=4+0+1=5.

· HARQ-ACK delay = 4 (Please note that HARQ process#7 is ACKed/NACKed using the last PUCCH tagged as “C,” therefore a HARQ-ACK delay of 4 subframes is required).
· #PUCCHs not overlapping with the HARQ-ACK delay = 0 (Using HARQ-ACK bundling, 3 PUCCHs are needed to handle this 8 HARQ processes scenario. As the HARQ-ACK delay overlaps with PUCCH A, B and C, the number of PUCCHs not overlapping with the HARQ-ACK delay is 0).

Thus, X=5 such that n+X=9+5=14 and the GNSS measurement gap should start at subframe#14.

B. NB-IoT NTN using 2 HARQ processes with HARQ feedback enabled
Let us consider the case in Table 3 where an NB-IoT NTN UE is configured with 2 DL HARQ processes (the HARQ process is configured via NPDCCH and transmitted via NPDSCH). HARQ feedback is enabled for all HARQ processes and reported using NPUSCH Format 2 (15 kHz subcarrier spacing is assumed which results in a resource unit length of 2 ms).  

[bookmark: _Ref134810429]Table 3 Illustration of the GNSS measurement gap start time for an NB-IoT NTN UE configured with 2 DL HARQ processes where HARQ feedback is enabled and reported using NPUSCH Format 2 with 15 kHz subcarrier spacing.
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· Example 1:  Let us consider a 2 HARQ processes scenario where the GNSS trigger command MAC CE is indicated using HARQ process #0 such that subframe #14 contains the end of the MAC CE. Applying Proposal 14, we get 
X=

·  = “k0” = 13 from 16.4.2-2 of TS 36.213 as applied in the diagram above.
·  = “k0” = 13 from 16.4.2-2 of TS 36.213 as applied in the diagram above.
·  = 10  as in the diagram above (i.e., The TBS associated to HARQ process # 1 is mapped on 10 NPDSCH subframes).
·  = 2 as in the diagram above (i.e., for SCS = 15 kHz).
·  = 13+10+2 = 25

Thus, X=25 such that n+X=14+25=39 and the GNSS measurement gap starts at subframe #39.

· Example 2:  Let us consider a 2 HARQ processes scenario where the GNSS trigger command MAC CE is indicated using HARQ process #1 such that subframe #24 contains the end of the MAC CE. Applying Proposal 14, we get


·  = “k0” = 13 from 16.4.2-2 of TS 36.213 as applied in the diagram above.
·  = 2  as in the diagram above (i.e., for SCS = 15 kHz).
· = 13+2 = 15

Thus, X=15 such that n+X=24+15=39 and the GNSS measurement gap starts at subframe#39.
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