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In this contribution, the remaining issues on improved GNSS operations for IoT NTN are discussed based on the conclusions in the previous meetings [1]. 
Discussion
1.1 Triggering of aperiodic GNSS measurement in connected mode 
On when the GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, following agreements was captured in Chair’s Note in RAN1#114 [1].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


Based on the above the agreement, the values of X2 is still FFS. In NR, UE applies a MAC CE command in the first slot after 3 subframes UE transmit a PUCCH with HARQ-ACK information for the PDSCH providing the MAC CE command. In LTE specification, the application time of MAC CE is not specified and is up to UE implementation. Considering the lower complexity and capability of IoT NTN devices than NR devices, the start time of GNSS measurement gap triggered by a MAC CE should at least after 3 subframes after UE transmit a PUCCH with ACK information, if the HARQ-ACK feedback for the MAC CE is enabled.
Proposal 1: For the aperiodic GNSS measurement gap triggered by eNB with MAC CE, the start time of the gap should be at p+3ms, where p is the end of HARQ feedback transmission subframe/slot when HARQ feedback for the MAC CE is enabled. 
1.2 UL transmission after original validity duration expires
On the determination of duration X after original GNSS validity duration expires, following agreements was captured in Chair’s Note in RAN1#114 [1].
If the TAT timer is used for UE to determine the duration X, it is clear that TAT timer will be restarted every time a TAC is received. UE will determine the end of extension of UL transmission when both TAT timer and GNSS validity duration expires. However, when the TAT timer is configured as infinite, the current agreement only defines the duration of Y and when UE starts to count down the duration of Y is not clear. In such case, we propose to configure a separate timer T with length of Y. Similar as TAT timer, every time when UE receives a TAC, the timer will be restarted. UE will determine the end of extension of UL transmission when both timer T and GNSS validity duration expires.  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
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.

Proposal 2: If TAT is infinite, a separate timer T is configured with length of Y ms. The timer T is restarted every time when UE receives a TAC command. UL transmission is not allowed without GNSS re-acquisition after both original GNSS validity duration and timer T expire.
1.3 Remaining GNSS validity duration report 
The following agreements were captured in Chair’s Note in RAN1#114 [1] for remaining GNSS validity duration report
On whether UE should report the new remaining GNSS validity duration within a duration D, although the success GNSS position fix should be reported as early as possible, we do not see the necessity to introduce time threshold (duration D) for gNB to schedule UL resource for report, which can be left for implementation.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.

Proposal 3: The report of remaining GNSS validity duration is based on network’s scheduling, there is no need to introduce a duration D after the end of aperiodic GNSS measurement gap or after the end of autonomous GNSS measurement timer to restrict the indication of successful GNSS measurement.
Moreover, UE may detect the change of mobility state based on the measurement of the time/frequency drifting of downlink signal [2]. The scenario may exist that the UE has a sudden change of its speed, e. g. when the terminal is mounted on a car and the car changes its speed from stationary to 120km/h, then there will be a big change of remaining GNSS validity duration. To solve this issue, the update of remaining GNSS validity duration can be supported to refresh the remaining GNSS validity duration at the eNB side. For example, the UE can report a shorter remaining GNSS validity duration to request eNB to scheduling a GNSS measurement gap in time. 
Proposal 4: UE can update the remaining GNSS validity duration reported before the next GNSS measurement.
1.4 CBRA (PRACH) within the GNSS measurement gap
When UE reacquires GNSS successfully before the end of the GNSS measurement gap, the following agreements were captured in Chair’s Note in RAN1#114 [1].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.

On whether other RA procedure is needed when UE finishes GNSS measurement within the measurement gap, our understanding is that there no need to introduce other RA procedure. In the current specification, contention free random access (CFRA) procedure is triggered by PDCCH order. As eNB has no information about when the UE will finish the GNSS measurement within the gap, it can’t send the PDCCH order. For CBRA, when to send the preamble can be determined by UE based on the available RO resources when the UE finished GNSS measurement. At the eNB side, it can recognize the indication of successful GNSS measurement by Msg3 carrying the C-RNTI.  
Observation 1: eNB is not able to trigger CFRA for UE to indicate early complete of GNSS position fix measurement gap.
1.5 GNSS measurement during the inactive state of C-DRX
Some agreements were made in RAN2#123 as follows: Agreements:
1. UE autonomously trigger GNSS measurement can be configured via RRC dedicated signalling
2. UE can autonomously start GNSS measurement during the inactive state of C-DRX.
3. The exact time of starting GNSS measurement during the inactive state of C-DRX can be left for UE implementation.
4. If UE failed to autonomously re-acquire the GNSS position fix and the GNSS position is still valid during the inactive state of C-DRX, UE does not move to RRC_IDLE. There is no specification impact. FFS if we still allow the UE not to move to Idle in case GNSS position is outdated

As for the autonomous GNSS position fix during C-DRX inactive period, it is up to UE implementation whether and how to perform autonomous GNSS measurement as long as it can be finished before the end of inactive state of C-DRX. UE do not even need to start autonomous GNSS timer.  In order to indicate the success of autonomous GNSS measurement in C-DRX inactive period, the UE should report remaining GNSS measurement after the UE enter into active mode. 
Proposal 5: UE can perform autonomous GNSS measurement in C-DRX inactive period without starting autonomous GNSS timer. UE should report remaining GNSS measurement indicating the success of GNSS position fix after the UE enter into active mode 

1.6 TP for TS36.213 to capture RAN1 agreements 
Reason for change:
In the TS 36.213 v18.0.0, the procedure of improved GNSS operations for IoT NTN is not captured. However based on the RAN1 agreements illustrated below, the GNSS measurement will impact the physical layer procedures mainly related to 3 aspects：
1)  The start and end time of GNSS measurement gap triggered by MAC CE.
2) The procedure of transmission/reception of physical layer channels/signals during the GNSS measurement gap. 

	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

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
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.



Moreover, in the running CR of 36.331 [3], 36.213 is referenced for GNSS measurement using the measurement gap as follows:

The UE shall:
1>	if an indication to perform GNSS measurement is received from lower layers:
2>	perform GNSS measurement using the measurement gap, as specified in TS 36.213 [23];
Summary of change:
Introduce the physical layer procedures of improved GNSS operations for IoT NTN in TS36.213.
Consequence if not approved:
The RAN1 agreements for GNSS measurement are not captured in specification. 

	< Unchanged parts are omitted >
18. GNSS measurement and report
For a BL/CE UE or a NB-IoT UE in a NTN FDD serving cell, UE performs GNSS measurement during a GNSS measurement gap triggered by a GNSS Measurement Command MAC-CE defined in clause 6.1.3.xx in TS36.321[8]. 
For a BL/CE UE in an NTN FDD serving cell, the GNSS measurement gap is from the end of 
· n+6 DL subframe, where n is the ending of GNSS measurement command reception, if the HARQ-ACK information is disabled for the HARQ process associated with transport block in the PDSCH carrying the triggering MAC-CE; 
· n+[3] DL subframe, where n is the first available DL subframe following the end of HARQ feedback transmission, if the HARQ-ACK information is enabled for the HARQ process associated with transport block in the PDSCH carrying the triggering MAC-CE.
For a NB-IoT UE in a NTN FDD serving cell, the GNSS measurement gap is from the end of 
· n+12 DL subframe, where n is the ending of GNSS measurement command reception, if the HARQ-ACK information is disabled for the HARQ process associated with transport block in the PDSCH carrying the triggering MAC-CE;
· n+[3] DL subframe, where n is the first available DL subframe following the end of HARQ feedback transmission, if the HARQ-ACK information is enabled for the HARQ process associated with transport block in the PDSCH carrying the triggering MAC-CE.
The length of GNSS measurement gap is configured by [MAC-CE/RRC]
During the GNSS measurement gap, A NB-IoT UE or a BL/CE UE in a NTN FDD serving cell is not expected to transmit or receive any physical channels/signals before the UE reacquires GNSS. UE may initiate contention based random access procedure and start to monitor NPDCCH or MPDCCH after UE reacquires GNSS during the GNSS measurement gap.
Every time after successful GNSS measurement, UE should report the remaining GNSS validity duration through in GNSS Validity Duration Report MAC CE defined in clause 6.1.3.yy in TS36.321 [8].  





Proposal 6: The physical layer procedures of GNSS measurement and report during RRC connected should be specified as the TP for TS36.213. 

Conclusions
In this contribution, the remaining issues for improved GNSS operations during long connection are discussed. The following proposals are presented:
Observation 1: eNB is not able to trigger CFRA for UE to indicate early complete of GNSS position fix measurement gap.
Proposal 1: For the aperiodic GNSS measurement gap triggered by eNB with MAC CE, the start time of the gap should be at p+3ms, where p is the end of HARQ feedback transmission subframe/slot when HARQ feedback for the MAC CE is enabled. 
Proposal 2: If TAT is infinite, a separate timer T is configured with length of Y ms. The timer T is restarted every time when UE receives a TAC command. UL transmission is not allowed without GNSS re-acquisition after both original GNSS validity duration and timer T expire.
Proposal 3: The report of remaining GNSS validity duration is based on network’s scheduling, there is no need to introduce a duration D after the end of aperiodic GNSS measurement gap or after the end of autonomous GNSS measurement timer to restrict the indication of successful GNSS measurement.
Proposal 4: UE can update the remaining GNSS validity duration reported before the next GNSS measurement.
Proposal 5: UE can perform autonomous GNSS measurement in C-DRX inactive period without starting autonomous GNSS timer. UE should report remaining GNSS measurement indicating the success of GNSS position fix after the UE enter into active mode 
Proposal 6: The physical layer procedures of GNSS measurement and report during RRC connected should be specified as the TP for TS36.213. 
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