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Introduction
[bookmark: _Hlk66110521]In Rel-18, the enhancements on the GNSS operation are specified to allow UE to remain in RRC_CONNECTED while conducting the GNSS position fix. In this paper, we discuss several open issues highlighted below, which were discussed last time in RAN2#125 meeting without consensus and hence were postponed to this meeting (RAN2#125bis). 

	R2-2401584	[AT125][304][IoT NTN Enh] Stage 2 corrections	Ericsson	discussion	Rel-18	IoT_NTN_enh-Core	
Proposal 1	(7 vs 1) The starting point of GNSS-ValidityDuration is not further discussed.
· Agreed
Proposal 2	The UE abilities related to obtaining location information through non-GNSS means is not further discussed.
· Agreed
Proposal 3	RAN2 discuss whether The UE shall move directly to idle mode upon a failed GNSS acquisition, triggered by the network, independently of the GNSS position status.
· Continue in the next meeting
Proposal 4	RAN2 discuss whether if the GNSS measurement fails, the UE always moves to RRC Idle unless the measurement is triggered autonomously by the UE during C-DRX inactive time.
· Continue in the next meeting
Proposal 5	RAN2 to discuss For autonomous GNSS acquisition in C-DRX inactive time, the UE shall move to idle mode if the GNSS position is outdated and uplink transmission extension is not active.
· Continue in the next meeting
Proposal 6	RAN2 to discuss whether UE triggers GNSS remaining validity duration report after autonomous GNSS acquisition in C-DRX inactive time if the UE is communicating in a network not supporting releases later than Release 17.
· Continue in the next meeting



Discussion 
Fail the GNSS measurement in an aperiodic GNSS gap
To keep the UE in the connected state, the network may configure the UE with an aperiodic GNSS measurement gap before the expiry of ‘X + GNSS validity duration’. However, as the UE may fail the GNSS measurement while being in the aperiodic GNSS measurement gap, companies have different views on whether the UE shall go to the idle state upon failing the GNSS measurement in an aperiodic GNSS measurement gap. As the network may configure the aperiodic GNSS measurement gap to the UE quite early per NW implementation, there might be still plenty of time left after the GNSS measurement gap ends and before the duration ‘X + GNSS validity duration’ expires. We think it is better to keep the UE in RRC_CONNECTED in such a situation, as the real reason behind the early provision of the aperiodic GNSS gap is unknown to the UE, and there could be many factors that contribute to the failure of the GNSS measurement (e.g., temporary obstacle, insufficient gap duration for GNSS measurement, etc.). 
Even if the aperiodic GNSS gap is provided earlier because the network observes UE is not properly UL synchronized, it’s desirable from the UE perspective to receive a TAC MAC CE instead of to receive an early GNSS measurement command MAC CE, as it will consume much more power to conduct a GNSS position fix. Besides, as the last resort, the network can always send the RRC Connection Release message to the UE if the UL synchronization is really broken; in this case the UE will follow the Rel-17 behavior and perform GNSS measurement in the idle state. We don’t think it makes sense if a Rel-17 UE can stay longer in the connected state than a Rel-18 UE can, given that the objective of the Rel-18 GNSS enhancement is to allow UE to stay longer in the connected state. 
[bookmark: _Toc131697244][bookmark: _Toc131761107][bookmark: _Toc134786087][bookmark: _Toc142583608][bookmark: _Toc146816736][bookmark: _Toc146816896][bookmark: _Toc146817188][bookmark: _Toc149904563][bookmark: _Toc149915728][bookmark: _Toc163149111][bookmark: _Toc163149252]If UE fails to conduct the GNSS position fix in an aperiodic GNSS measurement gap, the UE can still remain in RRC_CONNECTED until [X + GNSS validity duration] expires. This is what has been specified in 36.331 and hence no spec change is needed. 
GNSS position fix with c-DRX
Apart from the measurement gap, we may also need to consider other mechanisms that could also provide the UE with an inactive period for conducting the GNSS position fix, such as the c-DRX mechanism. In RAN2#123 meeting, it was concluded 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 (i.e., no spec impact).  
However, considering the ratio between the c-DRX OFF duration and the c-DRX ON duration, it is very likely the GNSS position becomes outdated in the c-DRX OFF duration (i.e., the c-DRX inactive state). In this case, it should be possible for the UE should to stay in the connected state until it gets back to the c-DRX ON duration (i.e., the c-DRX active state). In a smart UE implementation, the UE would only perform the GNSS position fix just right before the start of the c-DRX ON duration or just right before an uplink transmission, to keep the GNSS validity duration as fresh as possible. Moreover, as RAN2 already agreed that the exact time of starting GNSS measurement during the inactive state of C-DRX is up to UE implementation, if the UE has to go to RRC_IDLE immediately once the GNSS position becomes outdated, determining the starting time of the GNSS measurement is not up to UE implementation anymore. 
[bookmark: _Toc131697246][bookmark: _Toc131761109][bookmark: _Toc134786091][bookmark: _Toc142583611][bookmark: _Toc146816738][bookmark: _Toc146816898][bookmark: _Toc146817190][bookmark: _Toc149904565][bookmark: _Toc149915730][bookmark: _Toc163149112][bookmark: _Toc163149253]UE can remain in RRC_CONNECTED when the GNSS position becomes outdated in a c-DRX inactive state (i.e., in a c-DRX OFF duration). 
[bookmark: _Toc158669706][bookmark: _Toc158669942][bookmark: _Toc159256228][bookmark: _Toc159257437][bookmark: _Toc159257551][bookmark: _Toc163149113][bookmark: _Toc163149254]If proposal 2 is agreed, adopt the text proposal in Section 3.
Remaining in RRC_CONNECTED upon an outdated GNSS indication
In current 36.331 [1], when UE’s GNSS position becomes outdated, the UE has to moves to RRC_IDLE (after T390 expires if ul-TransmissionExtensionEnabled is configured) unless it has been provided/configured with an aperiodic or an autonomous GNSS measurement gap. However, in case the network does not provide/configure the GNSS measurement gap or the UE GNSS position becomes outdated suddenly (due to the fast UE movement) before the network can provide/configure a GNSS measurement gap, the UE has to move to RRC_IDLE (after T390 expires if ul-TransmissionExtensionEnabled is configured) upon receiving an outdated GNSS indication. 
The reason why the UE has to go to RRC_IDLE is because the UE will become unavailable/unreachable (from the network perspective) for the period of time when the UE is conducting a GNSS position fix, and that period of time can be pretty long (up to 31 seconds). However, if the time required to conduct a GNSS position fix is not longer than the duration defined by T310 for the RLF detection purpose, keeping the UE in the connected state would not bring any problem, since a legacy UE is already allowed to stay in the connected state even if it is temporarily out of network coverage up to T310. On the other hand, even if the time required to conduct a GNSS position fix is slightly longer than T310, the UE may still want to recover the RRC connection by performing an RRC Connection Reestablishment procedure instead of going to RRC_IDLE upon obtaining a valid GNSS position, similar to the case when the UE has detected an RLF. Therefore, we would like to ask RAN2 to consider some exceptional cases that may allow UE to remain in RRC_CONNECTED (with or without performing the RRC Connection Reestablishment procedure), even if the UE is not configured/provided with a GNSS measurement gap when UE’s GNSS position becomes outdated.
[bookmark: _Toc149904570][bookmark: _Toc149915735][bookmark: _Toc158669708][bookmark: _Toc158669944][bookmark: _Toc159256230][bookmark: _Toc159257439][bookmark: _Toc159257553][bookmark: _Toc163149114][bookmark: _Toc163149255]RAN2 to discuss the exceptions (e.g., a very short GNSS position fix duration) that allow UE to remain in RRC_CONNECTED when UE’s GNSS position becomes outdated or when T390 expires, even if the UE is neither configured with autonomous GNSS measurement nor provided with an aperiodic GNSS measurement gap.
Text Proposal (to TS 36.331 v18.1.0)
[bookmark: _Toc156167846]Start of the Change
[bookmark: _Toc162830941]5.3.3.21	UE actions upon indication of out-of-date GNSS position
Upon indication that the GNSS position has become out-of-date while in RRC_CONNECTED, the UE shall:
1>	if the UE does not support performing GNSS position fix in RRC_CONNECTED and ul-TransmissionExtensionEnabled is not configured:
2>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other';
1>	else if ul-TransmissionExtensionEnabled is configured:
2>	if timeAlignmentTimer is configured to be infinity:
3>	start timer T390 with the timer value set to ul-TransmissionExtensionValue;
3>	restart timer T390 upon indication from lower layers to extend the UL transmission;
2>	else:
3>	start timer T390 with the timer value set to the remaining time of timeAlignmentTimer;
[bookmark: _Hlk160700371]3>	restart timer T390 upon indication from lower layers to extend the UL transmission, with the timer value set to the remaining time of timeAlignmentTimer;
2>	if timer T390 expires and no indication of network triggered GNSS measurement has been received from lower layer:
3>	if gnss-AutonomousEnabled is configured:
4>	perform GNSS measurement using autonomous gaps as specified in clause 5.5.9;
3>	else if the UE is not in the c-DRX inactive state:
4>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other';
1>	else if ul-TransmissionExtensionEnabled is not configured and no indication of network triggered GNSS measurement is received from lower layer:
2>	if gnss-AutonomousEnabled is configured:
3>	perform GNSS measurement using autonomous gaps as specified in clause 5.5.9;
2>	else if the UE is not in the c-DRX inactive state:
3>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other'.
End of the Change
Conclusion
In this paper, we discuss the remaining issues with regard to the UE behavior upon failing the GNSS measurement, and upon expiring the GNSS validity duration in the c-DRX inactive state, and respectfully ask RAN2 to discuss and consider the following proposals.
Proposal 1	If UE fails to conduct the GNSS position fix in an aperiodic GNSS measurement gap, the UE can still remain in RRC_CONNECTED until [X + GNSS validity duration] expires. This is what has been specified in 36.331 and hence no spec change is needed.
Proposal 2	UE can remain in RRC_CONNECTED when the GNSS position becomes outdated in a c-DRX inactive state (i.e., in a c-DRX OFF duration).
Proposal 3	If proposal 2 is agreed, adopt the text proposal in Section 3.
Proposal 4	RAN2 to discuss the exceptions (e.g., a very short GNSS position fix duration) that allow UE to remain in RRC_CONNECTED when UE’s GNSS position becomes outdated or when T390 expires, even if the UE is neither configured with autonomous GNSS measurement nor provided with an aperiodic GNSS measurement gap.
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