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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#114, the following was agreed:
Agreement
From RAN1 perspective, during connected mode, reporting of GNSS position fix time duration is not needed except via RRCConnectionReestablishmentComplete, RRCConnectionReestablishmentComplete-NB and RRCConnectionReconfigurationComplete for HO case.
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
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
For autonomous GNSS timer, the start time of the autonomous GNSS measurement timer is where the original GNSS validity duration expires, and the duration X (if any) expires.
Note (as already agreed): The duration X is where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition.

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

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

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.


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.

In this contribution, we present our views on remaining issues for improved GNSS operations.

2 Gap-based enhancements – further details
In this section we provide our views on further details of the gap-based GNSS reacquisition.
For the start-time corresponding to a eNB-triggered gap for GNSS measurement, the following was agreed in RAN1#114, and specifying X2 remains FFS.
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.

For specifying X2, the following constraints need to be kept in mind: (i) a half-duplex UE needs a minimum of 1 ms switching time from UL to DL, and (ii) the “end of the MAC-CE reception to start time of the gap” duration for when HARQ feedback is enabled should not be smaller than that for when HARQ feedback is disabled. 
Based on the agreed values of X1 (12 ms for NB-IoT and 6 ms for eMTC), and the transmission timelines for HARQ feedback in TS 36.213, a predefined value of X2 >= 1 ms for NB-IoT and X2 >= 2ms for eMTC satisfies the constraints mentioned above.
To this end, we make the following simplified proposal below.
Proposal 1: For the aperiodic GNSS measurement gap triggered by eNB when HARQ feedback is enabled, the value of X2 is predefined to be 2 ms for both eMTC and NB-IoT.
With respect to remaining GNSS validity duration, 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 2: 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.

With respect to UE autonomous GNSS acquisition, the following agreement (with emphasis on the highlighted part) made in RAN1#111 requires some clarification:
Agreement
For GNSS measurement in RRC connected, if eNB aperiodically triggers connected UE to make GNSS measurement, UE can re-acquire GNSS position fix with a gap
· FFS details of gap configuration
The UE may re-acquire GNSS autonomously (when configured by the network) if UE does not receive eNB trigger to make GNSS measurement
· FFS based on configured timing 

Specifically, it should be clarified that the language “if UE does not receive eNB trigger to make GNSS measurement” refers to the reception of a trigger “at a point in time”, as opposed to “never during the course of a connection”. In other words, it may well be the case that during a connection, at a first time-instant T1, the UE received a eNB trigger to make a GNSS measurement, and did so successfully (thereby renewing its GNSS validity duration), but it did not receive a eNB trigger at a later time-instant T2, prior to the expiry of the renewed GNSS validity duration. In this case, the UE should be able to autonomously re-acquire GNSS at or after T2, per the agreed procedures.
Proposal 3: The receipt of a prior eNB-trigger to make a GNSS measurement during a connection does not preclude the UE from autonomously re-acquiring GNSS later during the connection.
3 Closed-loop corrections
3.1 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 1:  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 2: 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 3: 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 issue, we propose for the UE to make the following adjustment:
1) When getting a closed loop command, the UE will accumulate the previously received TA commands into  (this “moves” the TA corrections into a different term, which is not reset upon NPRACH transmission)
2) The UE will set 
Proposal 4: When the UE receives 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 updates the  as  and resets .

3.2 Procedures for handling validity duration

In RAN1#113 and RAN1#114, 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 update  as described in the previous section. 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 by issuing subsequent closed loop commands.
We depict this operation in Figure 1.
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Figure 1: 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 5: 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 “duration X” is counted starting from the time the UE receives the closed loop command.
· When timeAlignmentTimer is infinity, the “configured value Y” for “duration X” is applied from the time the UE receives the closed loop command.
· The UE may be issued multiple closed loop commands to keep on extending this allowable duration of UL transmission (by resetting the closed loop timer with every command).
· 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.
4 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 and observations below:
Proposal 1: For the aperiodic GNSS measurement gap triggered by eNB when HARQ feedback is enabled, the value of X2 is predefined to be 2 ms for both eMTC and NB-IoT.
Proposal 2: 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 3: The receipt of a prior eNB-trigger to make a GNSS measurement during a connection does not preclude the UE from autonomously re-acquiring GNSS later during the connection.
Observation 1:  According to current specifications, any time a UE transmits a NPRACH, it uses a value of .
Observation 2: If a considerable amount of time has passed since the last GNSS position fix the accuracy of  becomes progressively worse over time.
Observation 3: 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 4: When the UE receives 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 updates the  as  and resets .
Proposal 5: 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 “duration X” is counted starting from the time the UE receives the closed loop command.
· When timeAlignmentTimer is infinity, the “configured value Y” for “duration X” is applied from the time the UE receives the closed loop command.
· The UE may be issued multiple closed loop commands to keep on extending this allowable duration of UL transmission (by resetting the closed loop timer with every command).
· 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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