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1 Introduction

In RAN2#122, the following agreements were achieved on the enhancement of GNSS operations for IoT NTN [1]:
	Agreements:
1.
An UL MAC CE for GNSS validity duration reporting is used for NB-IoT user plane solution and eMTC UE as well and A new DL MAC CE is introduced to trigger connected UE to perform GNSS measurement.

2.
RAN2 will wait for more input foRAN1 for the detailed format of UL MAC CE for GNSS validity duration reporting and DL MAC CE for GNSS measurement wait for more input from RAN1.

3.
T318 is restarted after GNSS position fix 
4.
Capture the following NOTE in Stage 2 (can further fix the wording):


NOTE: The AS operations (e.g. RLM related timers, dataInactivityTimer, CHO execution, neighbour cell measurement, RACH, SR, and BSR) are suspended when UE is performing GNSS measurement during GNSS measurement gap.


FFS whether we need to state something about AS resumption 

5.
UE assumes the GNSS location is valid upon successful GNSS measurement

6.
Network enables the reporting of GNSS position fix duration, in SIB2 and in dedicated signalling for the HO case

7.
UE autonomously trigger GNSS measurement can be configured via RRC dedicated signalling

8.
UE can autonomously start GNSS measurement during the inactive state of C-DRX.

9.
The exact time of starting GNSS measurement during the inactive state of C-DRX can be left for UE implementation.
Agreements:
1.
The priority of GNSS validity duration MAC CE is higher than BSR. The exact priority can be further checked during MAC running CR review.

2.
RRC layer needs to send indication to trigger MAC to report the remaining GNSS measurement validity duration.  

3.
RRC layer sends such indication to MAC layer upon RRC layer receives indication that GNSS becomes valid.

4.
MAC layer should guarantee the reported remaining GNSS measurement validity duration is the latest value.

5.
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 FFS if we still allow the UE not to move to Idle in case GNSS position is outdated
6.
If there is neither network aperiodically trigger nor network configuration of UE autonomously GNSS measurement, UE moves to RRC_IDLE after GNSS becomes invalid. It’s FFS how to decide GNSS valid or invalid considering duration X and Y.


In this contribution, we will further discuss the remaining issues of GNSS measurement.
2 Discussion 
2.1 Discussion on RAN2’s FFSes  
Resumption of AS operations

In the last meeting, UE’s AS operations during GNSS measurement were discussed and a NOTE was added saying that some AS operations (e.g. RLM related timers, dataInactivityTimer, CHO execution, neighbour cell measurement, RACH, SR, and BSR) are suspended when UE is performing GNSS measurement during a GNSS measurement gap. 
Correspondingly, after the GNSS measurement has been finished, these suspended AS functions should be resumed. There is similar handling for UL operations when the uplink synchronization loss is detected and resumed as specified in TS36.321:

	NOTE:
The MAC entity suspends all UL operations (e.g. stop RACH, SR, and UL HARQ operation) after receiving the indication of an uplink synchronization loss and resumes the operation when receiving an indication of uplink synchronization.


Thus it is suggested to update the NOTE in the Stage 2.
Proposal 1：Update the NOTE in Stage 2 running CR as follows:
NOTE: The AS operations (e.g. RLM related timers, dataInactivityTimer, CHO execution, neighbour cell measurement, RACH, SR, and BSR) are suspended when UE is performing GNSS measurement during GNSS measurement gap and resumed when the GNSS measurement is finished. 

UE behavior if GNSS is outdated

In the last meeting, an agreement was reached that 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. Whether allowing the UE not to move to IDLE in case GNSS position is outdated is left for further study. According to RAN1’s agreements, UE goes to idle if UE failed to re-acquire GNSS position fix within GNSS measurement gap [2]:

	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
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.


It can be seen that once UE failed to acquire the GNSS during the GNSS measurement gap or the autonomous GNSS measurement timer, UE will go to IDLE. If GNSS position is outdated, it means the UE’s GNSS measurement has failed. So the reasonable behaviour is that UE goes to idle in this case even if UE is during the inactive state of C-DRX. 

Proposal 2: UE goes to idle if the GNSS position is outdated even if during the inactive state of C-DRX.
How to decide GNSS valid or invalid considering duration X and Y

RAN1 made the following agreements in the last meeting:
	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.


RAN1 will further discuss whether X/Y duration is regarded as the extension of GNSS validity duration. In order to avoid conflict conclusion, we should wait for RAN1’s conclusion on this.
Proposal 3: Wait for RAN1’s conclusion on whether X/Y duration is regarded as the extension of GNSS validity duration.
2.2 Discussion on RAN1’s FFSes  
RAN1 made the following agreements in the last meeting:
	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



From RAN2 point of view, the length of GNSS measurement gap (for NW triggered for GNSS measurement) and the length of GNSS measurement timer (for UE’s autonomous GNSS measurement) should be the same and can be configured by the same IE in RRC. Besides, there should be an RRC indication of whether UE’s autonomous GNSS measurement is enabled. For NW triggered for GNSS measurement, it is triggered by the MAC CE. 

Proposal 4: The same IE is used to indicate the length of GNSS measurement gap and GNSS measurement timer. 

Proposal 5: Introduce an RRC indication of whether UE’s autonomous GNSS measurement is enabled.
2.3 Handling of T318

In RAN2#122, the problem of collision between GNSS measurement and SIB acquisition was discussed, and the following offline proposal was made based on the majority views [2]: 

	Proposal 13: If time allows, discuss online about the following:

1) (12/16) Acquisition of SIB31 may be also postponed until GNSS measurement is completed if T317 expires

2) (14/16) T318 starting is delayed if T317 expires during GNSS measurement gap

3) (11/16) T318 (if running) is stopped or suspended at the start of GNSS measurement

4) (12/16) The acquisition of all SIB(s) is postponed until GNSS measurement is completed


In the last meeting, this issue was further discussed and an agreement was reached “T318 should be restarted after GNSS position fix has been finished.”.
However, the proposal from RAN#122 was not discussed that T318 should be stopped during the GNSS measurement gap. For example, if SIB acquisition has already began before receiving the NW trigger of GNSS measurement, T318 may be running during the GNSS measurement gap while the UE cannot acquire the SIB. What’s worse, it is possible T318 will expire during the GNSS measurement gap. In that case, RLF will be triggered which is not what we expect. 
So T318 should be stopped and then restarted after the GNSS measurement has been finished. Currently only the later part was agreed and we should also agree on the former part, which is important to prevent unnecessary RLF.

Proposal 6: T318 should be stopped (if running) upon entering the GNSS measurement gap. 
Besides, it is also possible T317 is already running before the GNSS measurement gap and expires during the GNSS measurement gap. In this case, for similar reason as above, T318 should be started until the GNSS measurement is finished.
Proposal 7: If T317 expires during the GNSS measurement gap, T318 is not started until the GNSS measurement is finished.
2.4 Impact on TA report
According to current TA reporting procedure, UE will trigger the TAR if variation between the current estimate of the Timing Advance value and the last reported Timing Advance value is equal to or larger than a threshold. This is not affected by the GNSS measurement gap. In other words, TA report may be triggered during a GNSS measurement gap but not sent as the NW will not schedule the UE during the GNSS measurement gap. Then after the GNSS measurement gap ends, the pending TA report will be reported when an UL grant is received.

However, it is possible that when the GNSS measurement gap ends the triggering condition of TA report is not satisfied, i.e., the difference between the current TA and the last reported TA is less than the threshold. One reason behind this is that UE may move during the GNSS measurement gap. Another is that the evaluation of TAR triggering may not be accurate during the GNSS measurement gap as the GNSS may be already outdated. To be clearer, the case is showed as below:
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Figure 1. TA report triggering during a GNSS measurement gap
In this case, the TA triggering condition is better to be re-evaluated before UE reports the TA to the NW. 
Proposal 8: Before sending the TA report triggered during the GNSS measurement gap, the triggering condition should be re-evaluated after the GNSS measurement gap.
3 Conclusion
Based on the discussion above we have following observations and proposals: 
Discussion on the FFSes
Proposal 1：Update the NOTE in Stage 2 running CR as follows:
NOTE: The AS operations (e.g. RLM related timers, dataInactivityTimer, CHO execution, neighbour cell measurement, RACH, SR, and BSR) are suspended when UE is performing GNSS measurement during GNSS measurement gap and resumed when the GNSS measurement is finished. 
Proposal 2: UE goes to idle if the GNSS position is outdated even if during the inactive state of C-DRX.
Proposal 3: Wait for RAN1’s conclusion on whether X/Y duration is regarded as the extension of GNSS validity duration.
Discussion on RAN1’s FFSes
Proposal 4: The same IE is used to indicate the length of GNSS measurement gap and GNSS measurement timer. 

Proposal 5: Introduce an RRC indication of whether UE’s autonomous GNSS measurement is enabled.
Handling of T318

Proposal 6: T318 should be stopped (if running) upon entering the GNSS measurement gap. 
Proposal 7: If T317 expires during the GNSS measurement gap, T318 is not started until the GNSS measurement is finished.
Impact on TA report

Proposal 8: Before sending the TA report triggered during the GNSS measurement gap, the triggering condition should be re-evaluated after the GNSS measurement gap.
4 Reference
[1] Report of 3GPP TSG RAN WG2 #123.  
[2] Report of 3GPP TSG RAN WG1 #114.  

3/4


