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1 Background
In RAN#94-e, the following objectives with RAN1 impact were included in the WID for eMTC/NB-IoT over NTN in Release 18:
IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17

This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:

· Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
· Study and specify, if needed, improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption [RAN1]


In 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

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
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
UE reports only one GNSS position fix time duration for GNSS measurement at least when moving to RRC connected state.

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 RAN1#112b-e, 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.

Conclusion
From RAN1 perspective, UE is not forbidden to autonomously re-acquire GNSS position fix during inactive state of Connected DRX.
· Note: The configured DL/UL transmissions during inactive state of Connected DRX should not be impacted
· Note: details are up to RAN2
Send an LS to RAN2 for the conclusion.

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
Draft LS in R1-2304125 is endorsed. Final LS is approved in R1-2304126.
[bookmark: _Hlk133492826]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.
· FFS: value of N, other component value(s) of GNSS position fix time duration (e.g. N=3, with value in [3,7,13,19,25, X] seconds, and X is FFS).
FFS: whether RAN4 input is needed.


2 General framework
In previous meetings, several aspects of GNSS operations have been discussed, including eNB-controlled GNSS re-acquisition, UE-autonomous GNSS re-acquisition, and usage of closed-loop time and frequency commands.
In our view, RAN1 should design a framework such that the most efficient mechanism is used, depending on the situation. In particular, GNSS measurements require a large amount of power and, therefore, should be avoided if possible.
The overall framework for improved GNSS operations and power consumption should be as follows:
1. GNSS measurements should be minimized as much as possible. As we study in Section 4, closed-loop time commands can extend the connection duration of a UE with very small specification impact and signaling overhead.

2. If the time and frequency drift degrade up to the point where closed-loop commands are no longer effective, the network may indicate explicitly to the UE that it shall reacquire GNSS.

3. In some cases, the network may not be able to send the indication in (2) successfully to the UE, due to e.g. network load or bad instantaneous channel conditions. In this case, there should be a mechanism under which the UE is able to perform autonomous GNSS measurements during a recovery procedure without the need to go to IDLE mode, similar to the one defined in Rel-17 for ephemeris.


Proposal 1: For the objective on improved GNSS operations and reduced power consumption, the following framework is followed by RAN1:
1. Specify closed-loop time enhancements to increase the connection duration between consecutive GNSS re-acquisitions.
2. Specify aperiodic eNB triggers to instruct the UE to re-acquire GNSS (already agreed).
3. Specify a mechanism for the UE to re-acquire GNSS upon expiry of the GNSS validity (already agreed).

Regarding points 2 and 3, we propose to have a common framework to treat the GNSS validity. This framework would also enable other mechanisms that were previously discussed in RAN1 but not agreed (e.g. UE acquiring GNSS during C-DRX).
The framework for updating GNSS validity relies on the UE reporting of a new validity via MAC CE (already agreed) after each GNSS fix, regardless of it being UE autonomous or eNB triggered. After the validity duration is updated, the UE and eNB will be in sync with respect to the remaining validity duration. For this, the following specification support is needed:
· After a GNSS reacquisition, the UE will inform the eNB of the new validity duration via MAC CE. This behavior is the same for the different GNSS reacquisition techniques (UE autonomous, eNB tiggered, or even during C-DRX).
· The MAC CE indicates the “remaining validity duration”, i.e., the UE may report multiple times the same validity duration after subsequent fixes.
Proposal 2: After a GNSS reacquisition, the UE reports its new GNSS validity duration to the eNB:
· The validity duration indicates the “remaining validity duration”.
· The reporting is performed regardless of the method of GNSS reacquisition (UE autonomous, eNB triggered, etc.)


3 Gap-based enhancements – further details
In this section we provide our views on further details of the gap-based GNSS reacquisition.
Regarding when the GNSS measurement gap starts after triggering, the following was agreed in the previous meeting:
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
On the detailed value of “X”, it would be beneficial that the GNSS gap starts after the HARQ-ACK is sent to the eNB (this can serve as a confirmation that the UE is using the gap). Therefore, the value of X should be based on the end of the HARQ-ACK feedback. For the cases where HARQ feedback is disabled for the PDSCH carrying the MAC-CE, the value of X can be based on the end of the PDSCH.
Proposal 3: On the starting time of the GNSS measurement gap, which is aperiodically triggered by eNB via MAC CE,  the start time should be at n+ X, where n is the end of MAC CE receiving subframe/slot.
· X is X1ms after the end of the (N)PDSCH carrying the MAC-CE if HARQ feedback is disabled, and X2ms after the end of the transmission of the HARQ-ACK if HARQ feedback is enabled.

Additionally, if the GNSS trigger is received long before the expiration of the validity timer (e.g. in case a previous validity duration report was lost), the UE should be allowed to skip the GNSS reacquisition and report the current validity duration:

Proposal 4: If the UE receives a GNSS aperiodic trigger when the remaining GNSS validity duration is larger than Z, the UE is allowed to skip the GNSS reacquisition.
· The UE reports the remaining validity duration after skipping the GNSS reacquisition.

Under some circumstances, it is possible that the UE is not able to reacquire GNSS during the provided gap. In some cases, the UE will also have an expired GNSS validity after the end of the GNSS gap, and in that case the UE should try to reacquire GNSS by some fallback mechanisms (e.g. moving to IDLE or RLF recovery). For the cases where the GNSS reacquisition is unsuccessful but the UE has still a valid GNSS fix after the end of the gap, the UE is allowed to communicate with the eNB and report its new remaining validity duration – this new validity duration (which would be typically quite small) will be received by the eNB as an indication that the UE may need another gap to try to reacquire GNSS once again.


Proposal 5: If the UE reacquires GNSS during an eNB-triggered GNSS measurement gap, and the GNSS reacquisition is unsuccessful:
· If the previous GNSS validity duration has expired, the UE moves to IDLE / RLF recovery.
· If the previous GNSS validity duration has not expired, the UE is allowed to remain in RRC_CONNECTED mode and inform the eNB of the remaining validity duration.

On the UE-autonomous GNSS gap, we propose that the start of the gap is implicitly determined based on the GNSS validity duration. As a “fallback” to the triggered GNSS gap, the UE should wait until its GNSS validity duration expires to start the GNSS reacquisition.

Proposal 6: The start time of a UE-autonomous GNSS measurement gap is defined with respect to the end of the GNSS validity duration.
· FFS: details.

4 Closed-loop corrections
4.1 Power savings
We show, in this section, that the penalty to UE power consumption (during long connections) from GNSS fixes can be mitigated significantly by facilitating closed-loop time and frequency corrections issued by the base-station. 
The framework for closed-loop time and frequency corrections would follow a similar principle as the one used today in NB-IoT for time corrections.
· Based on transmission of an uplink signal (e.g. (N)PUSCH, (N)PRACH), the network estimates the observed time and/or frequency error.
· The network issues closed-loop commands for the UE to adjust its transmission time and/or frequency. With these closed-loop corrections, the UE can skip a GNSS fix and keep operating with acceptable time and frequency errors.
Such a strategy is depicted in Fig. 1 below.
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Figure 1: Relaxed GNSS fixing using closed loop corrections.
In Table 1, we demonstrate how the power penalty due to GNSS fixes diminishes with an increase in the GNSS relaxation factor, which essentially denotes the factor by which we reduce the total number of GNSS fixes required and replace it with adequate close-loop corrections.
Table 1: Reduction in power penalty due to GNSS, by relaxing required GNSS fixes and enabling NPRACH-driven closed-loop time and frequency corrections.
	GNSS Relaxation factor
	Power penalty due to GNSS in connected mode for long connections

	No Relaxation
	

	2
	

	4
	



Based on the results above, we make the following observations and proposals with regards to supporting long connections in eMTC and NB-IoT over NTN.
Observation 1: For long connections in eMTC and NB-IoT over NTN, closed-loop time and frequency corrections lowers the GNSS power penalty from  to  (with a GNSS relaxation factor of 4), w.r.t a baseline without closed-loop corrections.
Proposal 7: RAN1 to specify enhancements to closed-loop corrections to mitigate UE power consumption at least for the case where the frequency errors are not the limiting factor.
· If closed loop corrections are used, the UE is allowed to perform UL transmission after original GNSS validity duration expires. 
4.2 Modifications to TA for PRACH transmission

Currently, a UE uses the following formula to determine the timing advance:

where  denotes the TA component based on accumulating “TA commands” received from the eNB.
Any time a UE transmits a NPRACH, it uses a value of  (i.e., it flushes any accumulated TA commands that it may have received). As an example, an NPRACH triggered by a “PDCCH order” in connected mode uses .
Observation 2:  According to current specifications, any time a UE transmits a NPRACH, it uses a value of .
In NTN,  denotes the TA component specific to satellite communications and is determined by the UE based on the UE’s own location and the NTN serving satellite’s ephemeris.
The accuracy of  depends on the accuracy of the location information. For example, if a considerable amount of time has passed since the last GNSS position fix, the accuracy of this term can impacted.
Observation 3: If a considerable amount of time has passed since the last GNSS position fix the accuracy of  becomes progressively worse over time.
One solution to this problem is for the eNB to issue TA commands so that  compensates the error introduced in . This approach, however, has the drawback of not being usable for NPRACH, since NPRACH uses an  Therefore, if the error introduced by  is larger than the maximum correction capability of NPRACH, the UE would fail random access in connected mode (in case of, e.g., PDCCH order or SR). NPRACH will be unusable in connected mode if no enhancements are introduced.
Observation 4: Although the eNB can progressively correct (by issuing TA commands) the timing error due to a stale UE location, this correction is not applied when transmitting NPRACH (which currently uses . This may cause the timing error to go beyond the NPRACH correction capability.
To mitigate this, several solutions can be considered, such as updating the  term after each NPRACH transmission, or allowing usage of previous TA commands for a NPRACH transmission. 
In the light of the above discussion, we make the following proposals:
Proposal 8: RAN1 to specify solutions such that closed loop TA commands can also applied to NPRACH. Candidate solutions include:
· Updating the  term with every TA command received in response to transmitting a NPRACH in connected mode
· Accumulating prior TA commands into the  term, as opposed to setting it to 0 for a NPRACH transmission

4.3 Procedures for handling validity duration

In RAN1#112b-e the procedures to allow UE transmission after the validity duration were discussed. In our view, the procedure should be defined as follows:
· Close to the end of the validity duration, the eNB observes that the uplink signal is still offering good synchronization properties. The eNB issues a “closed loop command” indicating to the UE that the uplink is in good conditions, and to issue the current TA as the (N)PRACH TA. Upon reception of this “closed loop command”, the UE starts a timer, with a value that may be configured by eNB.
· The UE will consider its uplink sync lost when both the GNSS validity duration and the closed loop timer have expired. It is under eNB’s control whether to keep extending the timer.
We depict this operation in Figure 2.

GNSS fix
Validity expires
CL command 
CONN
CL command
IDLE
CL timer
GNSS validity duration
CL timer expires

Figure 2: Diagram showing the interaction of closed loop commands and validity duration: the UE moves to IDLE (or reacquires GNSS) upon expiration of both the CL timer and validity duration.

Therefore, we make the following proposal.
Proposal 9: Upon reception of a closed loop command with the purpose of “allowing UL transmission after original GNSS validity duration expires without GNSS re-acquisition for some duration”, the UE starts a closed loop timer:
· The UE moves back to IDLE or re-acquires GNSS (if autonomous gaps are configured) if both the closed loop timer and the GNSS validity duration are expired.
5 Conclusion
In this contribution we presented our views on enhancements to NB-IoT/eMTC over NTN as it relates to improved GNSS operations. We summarize our proposals below:
Proposal 1: For the objective on improved GNSS operations and reduced power consumption, the following framework is followed by RAN1:
1. Specify closed-loop time enhancements to increase the connection duration between consecutive GNSS re-acquisitions.
2. Specify aperiodic eNB triggers to instruct the UE to re-acquire GNSS (already agreed).
3. Specify a mechanism for the UE to re-acquire GNSS upon expiry of the GNSS validity (already agreed).

Proposal 2: After a GNSS reacquisition, the UE reports its new GNSS validity duration to the eNB:
· The validity duration indicates the “remaining validity duration”.
· The reporting is performed regardless of the method of GNSS reacquisition (UE autonomous, eNB triggered, etc.)

Proposal 3: On the starting time of the GNSS measurement gap, which is aperiodically triggered by eNB via MAC CE,  the start time should be at n+ X, where n is the end of MAC CE receiving subframe/slot.
· X is X1ms after the end of the (N)PDSCH carrying the MAC-CE if HARQ feedback is disabled, and X2ms after the end of the transmission of the HARQ-ACK if HARQ feedback is enabled.


Proposal 4: If the UE receives a GNSS aperiodic trigger when the remaining GNSS validity duration is larger than Z, the UE is allowed to skip the GNSS reacquisition.
· The UE reports the remaining validity duration after skipping the GNSS reacquisition.



Proposal 5: If the UE reacquires GNSS during an eNB-triggered GNSS measurement gap, and the GNSS reacquisition is unsuccessful:
· If the previous GNSS validity duration has expired, the UE moves to IDLE / RLF recovery.
· If the previous GNSS validity duration has not expired, the UE is allowed to remain in RRC_CONNECTED mode and inform the eNB of the remaining validity duration.

Proposal 6: The start time of a UE-autonomous GNSS measurement gap is defined with respect to the end of the GNSS validity duration.
· FFS: details.

Observation 1: For long connections in eMTC and NB-IoT over NTN, closed-loop time and frequency corrections lowers the GNSS power penalty from  to  (with a GNSS relaxation factor of 4), w.r.t a baseline without closed-loop corrections.

Proposal 7: RAN1 to specify enhancements to closed-loop corrections to mitigate UE power consumption at least for the case where the frequency errors are not the limiting factor.
· If closed loop corrections are used, the UE is allowed to perform UL transmission after original GNSS validity duration expires. 

Observation 2:  According to current specifications, any time a UE transmits a NPRACH, it uses a value of .

Observation 3: If a considerable amount of time has passed since the last GNSS position fix the accuracy of  becomes progressively worse over time.

Observation 4: Although the eNB can progressively correct (by issuing TA commands) the timing error due to a stale UE location, this correction is not applied when transmitting NPRACH (which currently uses . This may cause the timing error to go beyond the NPRACH correction capability.

Proposal 8: RAN1 to specify solutions such that closed loop TA commands can also applied to NPRACH. Candidate solutions include:
· Updating the  term with every TA command received in response to transmitting a NPRACH in connected mode
· Accumulating prior TA commands into the  term, as opposed to setting it to 0 for a NPRACH transmission
Proposal 9: Upon reception of a closed loop command with the purpose of “allowing UL transmission after original GNSS validity duration expires without GNSS re-acquisition for some duration”, the UE starts a closed loop timer:
· The UE moves back to IDLE or re-acquires GNSS (if autonomous gaps are configured) if both the closed loop timer and the GNSS validity duration are expired.
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