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1	Introduction
In last meeting [1], RAN2 discussed the GNSS enhancements for IoT-NTN and achieved the following agreements. 
1. A new RRC parameter is introduced in dedicated RRC signalling to enable/disable duration X.
2. A new RRC parameter is introduced in dedicated RRC signalling to configure duration Y when timeAlignmentTimer is infinity.
1. GNSS Duration Report MAC CE will not trigger SR; instead CBRA will be used.
2. A reserved LCID will be used for GNSS measurement command MAC CE (in DL).
3. GNSS measurement validity duration report MAC CE priority is in-between TAR MAC CE and BSR MAC CE.
4. The following update in NOTE in Stage 2 running CR is agreed:
	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
5. The following update in NOTE in Stage 2 running CR is agreed ((FFS whether to suspend T317, T318 during measurement gap):
	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
6. For both network-triggered and UE-autonomous Measurement Gap Length Configuration: Use MAC CE (with 1 bit indication to differentiate the two cases) (FFS if a RRC configuration is needed for NW trigger case)
During the post email discussion [2] and [3], the following remaining open issues on GNSS enhancements were listed by email rapporteur.
	· Issue 1-1: How to determine GNSS invalid (considering duration X and Y), this affects 1) condition for entering RRC_IDLE, and 2) the start of autonomous gap
-Option 1: It is up to RAN1 whether/how to decide GNSS validity duration considering X and Y.
-Option 2: Even if duration X is provided, the remaining GNSS validity duration keeps unchanged.
-Option 3: UE considers the GNSS position as outdated and goes to RRC_IDLE, upon the expiry of X on top of the expiry of the GNSS validity duration.
· Issue 1-2: Whether to suspend T317, T318 during measurement gap
· Adding a new trigger for random access procedure by GNSS validity duration MAC CE in Section 10.1.5.0 (Apple)
· Upon failed GNSS acquisition, shall the UE be allowed to stay in CONNECTED if it still has a valid GNSS position? This can be captured in 23.21.2.2. 


In this contribution, we will discuss the remaining issues on GNSS enhancement for IoT-NTN. 
2 Discussion
2.1 Open issues on UL transmission after GNSS validity duration expires
Regarding the UL transmission after GNSS validity duration expires, there are different understandings during the previous discussion, and companies think this will affects the condition for entering RRC_IDLE and the start of autonomous gap:
· Option 1: It is up to RAN1 whether/how to decide GNSS validity duration considering X and Y.
· Option 2: Even if duration X is provided, the remaining GNSS validity duration keeps unchanged.
· Option 3: UE considers the GNSS position as outdated and goes to RRC_IDLE, upon the expiry of X on top of the expiry of the GNSS validity duration.
During the discussion in RAN1 meeting, RAN1 has received the following agreements on UL transmission after GNSS validity duration expires. 
	RAN1#113 Agreement
From RAN1 perspective, at least for the case when frequency error and timing error are within frequency and timing error requirements with legacy closed loop time correction, UL transmission can be allowed in a duration X after original GNSS validity duration expires without GNSS re-acquisition.
RAN1 will decide further details of the above.

RAN1#114 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.



Based on RAN1 agreements, we understand the duration X will not change the GNSS validity duration since RAN1 indicates the duration X is where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition. Therefore, we think option 2 is aligned with RAN1 agreements.
Proposal 1: RAN2 confirms that even if duration X is provided, the remaining GNSS validity duration keeps unchanged. 
[bookmark: _GoBack]Furthermore, upon duration X expires, the UE can perform autonomous GNSS measurement if it is configured to do this. Conversely, if the UE autonomous GNSS measurement is not configured and the aperiodic trigger from eNB is not received, the UE should go to RRC_IDLE upon duration X expires on top of the expiry of original GNSS validity duration. However, for the wording “UE considers the GNSS position as outdated” in option 3, we prefer to remove it and wait for RAN1’s discussion, because RAN1 discussed whether the GNSS position is valid within duration X in last meeting but has no consensus. 
Proposal 2: The UE should go to RRC_IDLE upon duration X expires on top of the expiry of original GNSS validity duration, if the UE autonomous GNSS measurement is not configured and the aperiodic trigger from eNB is not received. Whether the GNSS position is valid within duration X can wait for RAN1’s discussion.

2.2 Open issues on failure of GNSS measurement
For failure of GNSS measurement, RAN1 has discussed how to address the issue for aperiodic GNSS measurement and autonomous GNSS measurement separately, and achieved the following agreements in RAN1#114 meeting. 
	RAN1#114 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
RAN1#114 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.


Specially, RAN1 discussed whether the UE can stay in RRC_CONNECTED state if it still has a valid GNSS position upon failed GNSS acquisition for network-triggered aperiodic GNSS measurement (the second bullet of Alt-2), and finally went for Alt-1 on this issue, i.e. 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.
•	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.
•	Alt-2: If UE failed to re-acquire GNSS position fix within the GNSS measurement gap:
-	if the end of GNSS measurement gap is after current GNSS validity duration expires, UE goes to IDLE mode after the end of GNSS measurement gap.
-	if the end of GNSS measurement gap is before current GNSS validity duration expires, UE can stay in RRC_CONNECTED state.
· FFS: UE behaviour in RRC_CONNECTED state.
· Alt-A: UE can be allowed to transmit and receive
· Alt-B: UE can only be allowed to receive
· Alt-C: whether UE is allowed to remain connected based on network configuration
We think that there is no need to discuss the same issue in RAN2, and we can just follow the RAN1 agreements. 
Proposal 3: If UE failed to re-acquire GNSS position fix within GNSS measurement gap or within the autonomous GNSS measurement timer, the UE goes to RRC_IDLE mode after the end of GNSS measurement gap or after autonomous GNSS measurement timer expires.

3	Conclusion
Here are the proposals for GNSS enhancements for IoT-NTN.
Proposal 1: RAN2 confirms that even if duration X is provided, the remaining GNSS validity duration keeps unchanged. 
Proposal 2: The UE should go to RRC_IDLE upon duration X expires on top of the expiry of original GNSS validity duration, if the UE autonomous GNSS measurement is not configured and the aperiodic trigger from eNB is not received. Whether the GNSS position is valid within duration X can wait for RAN1’s discussion.
Proposal 3: If UE failed to re-acquire GNSS position fix within GNSS measurement gap or within the autonomous GNSS measurement timer, the UE goes to RRC_IDLE mode after the end of GNSS measurement gap or after autonomous GNSS measurement timer expires.
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