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1	Introduction
One objective of the Release 18 WI on IoT NTN [1][2] was to improve the GNSS operation during long connections. In this contribution, we provide our views on remaining issues for this topic.
2	Improved GNSS operation for IoT NTN
In the following subsections, we share our views on the remaining open issues.
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
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.
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.
[bookmark: _Hlk129700709]We think that it is up to RAN2 to develop specifications to support the above agreement while minimizing the specification impact. For example, it can be achieved by introducing a new GNSS extension validity duration parameter during which the UE is allowed to transmit. In our view, it is a cleaner solution to introduce a new GNSS extension validity duration or timer for this purpose.
[bookmark: _Toc146870107]Introducing a new duration or timer for the GNSS extension duration is a cleaner solution than extending the existing GNSS validity duration. 
[bookmark: _Toc146870119]RAN2 to decide whether the GNSS extension duration X is configured by directly extending the GNSS validity duration or by introducing a new GNSS extension duration or timer.
The current range of the timeAlignmentTimer is {500 , 750 , 1280, 1920, 2560, 5120, 10240, infinity} ms. We propose a similar range for the GNSS extension duration Y (when the timeAlignmentTimer is set to infinity) except for one change: replace “infinity” with a finite value such as 100 ms. 
[bookmark: _Toc146870120]RAN1 to adopt the following set of values for the GNSS extension duration X=Y where Y: {100, 500, 750, 1280, 1920, 2560, 5120, 10240, infinity} ms when the timeAlignmentTimer is set to infinity.
2.2	Reference time for GNSS validity duration
RAN1 has agreed that the UE will report its remaining GNSS validity duration to the network after every successful GNSS position fix. However, it is unclear what the reference for that GNSS validity duration will be. For example, the start of the GNSS validity duration can be tied to the either the start or the end of the configured GNSS measurement gap (or the autonomous GNSS timer) during which the GNSS position fix was acquired. This will ensure that the network and the UE have a common understanding regarding the start and end of the remaining GNSS validity duration.
[bookmark: _Toc146870108]A UE may complete GNSS reacquisition at any point in time within the aperiodic/autonomous GNSS gap which will be unknown to the network. 
The value range for the remaining GNSS validity duration: {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity}
The value range for the GNSS measurement gap/autonomous timer: [1,2,3,4,5,6,7,13,19,25,31] sec
When the remaining GNSS validity duration is much larger than the GNSS gap duration, a precise reference point for the start of the GNSS validity duration is not needed. For example, if the GNSS validity duration is 5 min and the GNSS gap duration is 1 sec, then network need not know the exact start time of the GNSS validity duration within the gap since the ambiguity will be negligibly small (<1 sec) relative to the validity duration (300 sec). 
[bookmark: _Toc146870109]When the remaining GNSS validity duration is much larger than the GNSS gap duration, a precise reference point for the start of the GNSS validity duration is not essential.   
When the remaining GNSS validity duration is on the same order as the GNSS gap duration, a precise reference point for the start of the GNSS validity duration is needed. For example, if the GNSS validity duration is 10 sec and the GNSS gap duration is 7 sec, then the network needs to know where to count the validity duration from, e.g., whether from the start or the end of the GNSS gap. Otherwise, the ambiguity in the validity duration can be up to 7 sec which is 70% of the GNSS validity duration.   
[bookmark: _Toc146870110]Without a precise reference point for the remaining GNSS validity duration, there is a significant ambiguity in the remaining GNSS validity duration when the GNSS measurement gap duration is on the same order as the remaining GNSS validity duration, e.g., with a GNSS gap of 7 sec and the remaining GNSS validity duration of 10 sec, the ambiguity can be up to 7 sec as the network does not know if the UE used the start or the end of the GNSS gap as the reference point.   
[bookmark: _Toc146870111]UE and eNB need to have a common understanding about the reference time for the reported GNSS validity duration.
Therefore, we propose the following.
[bookmark: _Toc146870121]The reference time for the reported GNSS validity duration will be the start of the GNSS measurement gap or the start of the autonomous GNSS timer in which the GNSS position fix is acquired.
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
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.
Agreement
For the aperiodic GNSS measurement gap triggered by eNB with MAC CE, down select one of the alternatives for the start time of the gap:
· Alt 1: should be at n+ X, where n is the end of MAC CE receiving subframe/slot and X>= 12ms for NB-IoT, X>= 3ms for eMTC 
· Note: X is one value regardless of HARQ feedback enabled or disabled for the MAC CE
· FFS: details, e.g. X is predefined value or configured value 
· Alt 2: 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 
· FFS: details, e.g. X1 and X2 are predefined value or configured value, including whether X1 and X2 can be the same
· Alt3: should be at p+ X, where p is the end of HARQ feedback transmission subframe/slot, where HARQ feedback for the MAC CE is always enabled
· FFS: details, e.g. X 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 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
As agreed for the delay X1, the delay X2 can also be set to a pre-defined value. Our view is that it will be an overkill to explicitly configure the values for X2 as this can be fixed in the specification. Moreover, the GNSS command scheduling is up to the network which further simplifies the design:    
[bookmark: _Toc146870112]If the network always schedules the GNSS command to be sent using the last of the configured HARQ processes, only two cases need to be addressed when designing the starting instance of the GNSS measurement gap: 1) HARQ feedback enabled or 2) HARQ feedback disabled for the HARQ process carrying the GNSS command MAC CE.
Thanks to the above observation, we can decouple the HARQ process carrying the GNSS command from the rest of the configured HARQ processes. Therefore, we need only specify one value for X2 (as opposed to defining multiple values).   
[bookmark: _Toc146870122]If the starting instance of an aperiodic GNSS measurement gap is p+X2 where p is the end of the HARQ feedback transmission subframe/slot for the HARQ process carrying the aperiodic GNSS trigger, the value X2 can be pre-defined in the specification.
2.3.1	HARQ feedback disabled
RAN1 has already made necessary agreements for this case.
2.3.2	HARQ feedback enabled
Let us address the case where HARQ feedback is enabled for the downlink HARQ processes carrying the GNSS trigger command. Note that the other HARQ processes may have their HARQ feedback enabled or disabled.
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: _Toc146870113]An eMTC UE can be configured with up to 8, up to 10, or up to 14 HARQ processes.
[bookmark: _Toc146870114]For eMTC, up to 3 PUCCHs may be needed to transmit HARQ feedback if HARQ ACK bundling is used.
If the GNSS trigger MAC CE is carried by the last of the configured HARQ processes, then the feedback for the HARQ processes transmitted earlier will not be interrupted due to a GNSS gap. 
[bookmark: _Toc146870115]When multiple HARQ processes are configured, the network can schedule the GNSS measurement command to be carried by the last of the configured HARQ processes.
For the case with HARQ feedback disabled, RAN1 has already agreed to start the GNSS gap 6 ms after the end of the subframe containing the GNSS trigger command. Similarly, for the case with HARQ feedback enabled, RAN1 should ensure a 6 ms delay after the reception of the subframe carrying the GNSS trigger MAC CE. For example, consider the case where multiple HARQ processes are configured such that 3 PUCCHs are need to transmit feedback and the GNSS command is sent using the last HARQ process, then the 6 ms delay can be achieved as follows: gap (1ms) + PUCCH1 (1 ms) + PUCCH2 (1 ms) + PUCCH3 (1 ms) + X2 (2ms) = 6 ms. In another example where only 1 HARQ process is used, 6 ms delay can be achieved as follows: gap (1ms) + PUCCH1 (1 ms) + X2 (4 ms). Therefore, we can choose X2=4 ms to ensure a 6 ms delay for all scenarios. 
[bookmark: _Toc146870116]With HARQ feedback enabled, GNSS start time should be selected to ensure a 6 ms delay after the reception of the subframe carrying the GNSS trigger MAC CE because the same was agreed for the case with HARQ feedback disabled.
Therefore, we propose the following for the GNSS starting instance if HARQ feedback needs to be transmitted for the HARQ process carrying the GNSS trigger command. 
[bookmark: _Toc141781942][bookmark: _Toc146870123]For eMTC NTN with HARQ feedback enabled, if the starting instance of an aperiodic GNSS measurement gap is p+X2 where p is the end of the last subframe/slot carrying HARQ feedback transmission for the HARQ process carrying the GNSS MAC CE, then X2 = 4 subframes.
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: _Toc146870117]An NB-IoT UE can be configured with up to 2 HARQ processes.
[bookmark: _Toc146870118]When two HARQ processes are configured, the network can schedule the GNSS measurement command to be carried by the second HARQ process.
Therefore, we need to address only Case A and B from the following list where HARQ feedback is enabled for the HARQ process carrying the GNSS command: 
· Case A: Only one HARQ process is used and the GNSS trigger is carried by that HARQ process;
· Case B: Two HARQ processes are used and the GNSS trigger is carried by the second HARQ process;
· Case C: Two HARQ processes are used and the GNSS trigger is carried by the first HARQ process.
Case C can be avoided via network scheduling. Therefore, we propose the following to cover the above scenarios.
[bookmark: _Toc141781944][bookmark: _Toc141781945][bookmark: _Toc146870124]For NB-IoT NTN with HARQ feedback enabled, if the starting instance of an aperiodic GNSS measurement gap is p+X2 where p is the end of the last subframe/slot carrying HARQ feedback transmission for the HARQ process carrying the GNSS trigger MAC CE, then X2 = 1 subframe.
2.4	GNSS assistance information
In the RAN1#114 meeting, the following agreement was made.
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.
We think that the UE will perform random access to acquire uplink resources after performing a GNSS position fix and will report the latest remaining GNSS validity duration using these uplink resources. Therefore, we do not see why we need to introduce a new duration D as the network will know that the new GNSS validity duration (if any) will be sent using those resources.  
2.5	UE behavior during a GNSS gap
We now share our views on the remaining issues for UE behavior during the GNSS gap. 
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.
Agreement
From RAN1 perspective, after autonomous GNSS measurement timer expires if UE failed to re-acquire GNSS position fix within the autonomous GNSS measurement timer UE goes to IDLE mode
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.
Agreement
From RAN1 perspective, for the aperiodic GNSS measurement gap triggered by eNB with MAC CE, down select one of the alternatives for the failure of GNSS measurement:
· Alt-1: UE goes to IDLE mode after the end of GNSS measurement gap if UE failed to re-acquire GNSS position fix within GNSS measurement gap.
A UE can be configured to perform mobility measurements using measurement gaps which are different from the gaps used for GNSS measurement. Since the mobility measurement gaps are periodic, they can be partially or fully overlapping with the gaps used for GNSS measurement. The UE behaviour during the overlapping period needs to be discussed and clarified. One simple way forward is to prioritize the gaps used for the GNSS measurements over those used for mobility measurements when both are overlapping, i.e., to first complete the GNSS measurement using the GNSS gap and thereafter perform the mobility measurements using the gaps. 
[bookmark: _Toc146870125]GNSS measurement using gaps are prioritized over gaps used for mobility measurements if both are at least partially overlapping in time with each other.
3	Conclusion
Based on the discussion in the previous section we made the following observations:
Observation 1	Introducing a new duration or timer for the GNSS extension duration is a cleaner solution than extending the existing GNSS validity duration.
Observation 2	A UE may complete GNSS reacquisition at any point in time within the aperiodic/autonomous GNSS gap which will be unknown to the network.
Observation 3	When the remaining GNSS validity duration is much larger than the GNSS gap duration, a precise reference point for the start of the GNSS validity duration is not essential.
Observation 4	Without a precise reference point for the remaining GNSS validity duration, there is a significant ambiguity in the remaining GNSS validity duration when the GNSS measurement gap duration is on the same order as the remaining GNSS validity duration, e.g., with a GNSS gap of 7 sec and the remaining GNSS validity duration of 10 sec, the ambiguity can be up to 7 sec as the network does not know if the UE used the start or the end of the GNSS gap as the reference point.
Observation 5	UE and eNB need to have a common understanding about the reference time for the reported GNSS validity duration.
Observation 6	If the network always schedules the GNSS command to be sent using the last of the configured HARQ processes, only two cases need to be addressed when designing the starting instance of the GNSS measurement gap: 1) HARQ feedback enabled or 2) HARQ feedback disabled for the HARQ process carrying the GNSS command MAC CE.
Observation 7	An eMTC UE can be configured with up to 8, up to 10, or up to 14 HARQ processes.
Observation 8	For eMTC, up to 3 PUCCHs may be needed to transmit HARQ feedback if HARQ ACK bundling is used.
Observation 9	When multiple HARQ processes are configured, the network can schedule the GNSS measurement command to be carried by the last of the configured HARQ processes.
Observation 10	With HARQ feedback enabled, GNSS start time should be selected to ensure a 6 ms delay after the reception of the subframe carrying the GNSS trigger MAC CE because the same was agreed for the case with HARQ feedback disabled.
Observation 11	An NB-IoT UE can be configured with up to 2 HARQ processes.
Observation 12	When two HARQ processes are configured, the network can schedule the GNSS measurement command to be carried by the second HARQ process.

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

Proposal 1	RAN2 to decide whether the GNSS extension duration X is configured by directly extending the GNSS validity duration or by introducing a new GNSS extension duration or timer.
Proposal 2	RAN1 to adopt the following set of values for the GNSS extension duration X=Y where Y: {100, 500, 750, 1280, 1920, 2560, 5120, 10240, infinity} ms when the timeAlignmentTimer is set to infinity.
Proposal 3	The reference time for the reported GNSS validity duration will be the start of the GNSS measurement gap or the start of the autonomous GNSS timer in which the GNSS position fix is acquired.
Proposal 4	If the starting instance of an aperiodic GNSS measurement gap is p+X2 where p is the end of the HARQ feedback transmission subframe/slot for the HARQ process carrying the aperiodic GNSS trigger, the value X2 can be pre-defined in the specification.
Proposal 5	For eMTC NTN with HARQ feedback enabled, if the starting instance of an aperiodic GNSS measurement gap is p+X2 where p is the end of the last subframe/slot carrying HARQ feedback transmission for the HARQ process carrying the GNSS MAC CE, then X2 = 4 subframes.
Proposal 6	For NB-IoT NTN with HARQ feedback enabled, if the starting instance of an aperiodic GNSS measurement gap is p+X2 where p is the end of the last subframe/slot carrying HARQ feedback transmission for the HARQ process carrying the GNSS trigger MAC CE, then X2 = 1 subframe.
Proposal 7	GNSS measurement using gaps are prioritized over gaps used for mobility measurements if both are at least partially overlapping in time with each other.
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