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Introduction
In RAN#95, work item in RP-220979 has been approved and updated in RP-223519. The objectives regarding improved GNSS operation are the following 
	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:
-	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]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.




In the previous meeting, RAN1#114, the following agreements were made under this agenda item:

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.

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.

Officially this Work Item was closed in RAN1#114, but there are still some issues to further study (FFS). In the following, we address some of these remaining open items.

Improved GNSS operation

In the previous RAN1 meeting, the following two agreements were made:

	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





We still need to decide on the start time of the GNSS measurement gap in the case when HARQ feedback for the MAC CE is enabled,.i.e, the value of X2. At the minimum, the same amount	of time should be reserved for the processing of the MAC CE in both cases of HARQ feedback enabled or disabled. When HARQ feedback is enabled, the minimum time interval between the end of NPDSCH and the start of NPUCCH carrying HARQ feedback is 12ms, and thus the GNSS measurement gap could start right after UE has transmitted HARQ feedback. In eMTC, the time interval between the end of PDSCH and the start of PUCCH carrying HARQ feedback is 3ms and so X2 should be at least 2ms in order to guarantee that there is always at least 6ms delay from the end of PDSCH to the start of the GNSS measurement gap. We propose that the same value of X2=2ms is specified for both eMTC and NB-IoT. 

Proposal 1: For the aperiodic GNSS measurement gap triggered by eNB with MAC CE, the start time of the gap should be at n+ X2, where n is the end of HARQ feedback transmission subframe/slot when HARQ feedback for the MAC CE is enabled and X2=2ms for both eMTC and NB-IoT systems.

Also, it has been previously agreed that the UE is allowed to transmit in a duration X after the original GNSS validity duration expires without GNSS re-acquisition, if UE’s frequency error and timing error are within frequency and timing error requirements. In RAN1#114, a further decision on the details of the parameter X was made as follows:

	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.



It was left to further study, whether X can be used to extend the original GNSS validity duration or, alternatively, whether UE is simply allowed to transmit during X without affecting the original GNSS validity duration. We prefer to extend the original GNSS validity duration by X and further extend it continuously by X upon receiving a new time alignment commands (TAC). If eNB will notice that the UE is about loosing its frequency and/or timing synchronization, it will either transmit MAC CE trigger for UE to start a GNSS measurement or it will not transmit a new TAC to UE and thus the UE can start an autonomous GNSS measurement after the most recently updated validity duration has expired.

Proposal 2: The original GNSS validity duration is extended by X and can be further extended continuously upon receiving a new time alignment command(s) (TAC).

Regarding the UE behaviour after a successful re-acquisition of the GNSS fix, the following agreement was made in the last RAN1 meeting:

	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.




There has been discussion in RAN2 on whether a specific scheduling request (SR) is needed for UE to report the new remaining GNSS validity duration or should UE expect to be scheduled with UL grant by eNB. Irrespective of the mechanism of UE reporting, from the eNB point of view it would be highly desirable that there is a reporting period of a configured length starting after the GNSS measurement gap, i.e., a window of the configured length D during which the UE is expected to transmit the remaining validity duration. If the UE fails to respond to the request from the eNB within a reporting period, it is an implicit indication to the eNB that the UE has either failed to re-acquire a GNSS position fix or the UE has lost the connection due to deteriorated channel conditions. Upon the expiration of the reporting period, the eNB releases the UE connection. In this way the eNB can always stay in synch with the UE behaviour. As shown in Fig. 1 below, the UE may expect to be scheduled from the end of the GNSS measurement gap until an expiration of the reporting period D. Additionally, as shown in our companion RAN2 paper [1], the signaling of the length of the reporting period D can be included in DL MAC CE which is used to trigger the GNSS measurement gap. And for autonomous GNSS measurement, the length of the reporting period can be fixed in specification or configured by RRC. 
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Figure 1: Configuration of GNSS measurement gap with associated timers

Observation 1: From the eNB point of view, it would be highly desirable that there is a reporting period of a configured length starting after the GNSS measurement gap, i.e., a window of the configured length D during which the UE is expected to transmit the remaining GNSS validity duration. If the UE fails to respond to the request from the eNB within a reporting period, it is an implicit indication to the eNB that the UE has either failed to re-acquire a GNSS position fix or the UE has lost the connection due to deteriorated channel conditions.

Proposal 3: There is a reporting period of a configured length D starting after the GNSS measurement gap. Upon the expiration of the reporting period, eNB releases the UE connection.

Conclusions 
In this contribution we discussed issues related to improved GNSS operation for IoT NTN and made the following observations and proposals:
Proposal 1: For the aperiodic GNSS measurement gap triggered by eNB with MAC CE, the start time of the gap should be at n+ X2, where n is the end of HARQ feedback transmission subframe/slot when HARQ feedback for the MAC CE is enabled and X2=2ms for both eMTC and NB-IoT systems.
Proposal 2: The original GNSS validity duration is extended by X and can be further extended continuously upon receiving a new time alignment command(s) (TAC). 
Observation 1: From the eNB point of view, it would be highly desirable that there is a reporting period of a configured length starting after the GNSS measurement gap, i.e., a window of the configured length D during which the UE is expected to transmit the remaining GNSS validity duration. If the UE fails to respond to the request from the eNB within a reporting period, it is an implicit indication to the eNB that the UE has either failed to re-acquire a GNSS position fix or the UE has lost the connection due to deteriorated channel conditions.
Proposal 3: There is a reporting period of a configured length D starting after the GNSS measurement gap. Upon the expiration of the reporting period, eNB releases the UE connection.
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