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Introduction
[bookmark: _Hlk66110521]For Rel-17 IoT-NTN, RAN2 concluded that the UE AS is not required to perform any idle mode task related to NTN if the UE has determined that it is out of coverage using available satellite assistance information broadcasted in the system information [1]. Studying/specifying further mobility enhancement and power saving enhancement for discontinuous coverage are within the scope of Rel-18 IoT-NTN WID [2], and should take into account the relevant conclusions from SA2.
In the offline discussion for the 36.331 running CR [3], two open issues listed below have been identified by the rapporteur, which this paper aims to resolve by offering certain views and remedies. In addition, this paper also discusses a leftover issue relevant to the eDRX and the discontinuous coverage, with a proposal being proposed at the end to close the issue for Rel-18. 
	· Discontinuous coverage
Issue 3-1: Whether to capture a note in RRC about “UE may directly go to RRC_IDLE after RLF is triggered, if there is not enough time for the UE to finish the procedure of RRC re-establishment due to the discontinuous coverage”
Issue 3-2: Whether and how to apply the “early stop of T310 and early start of T311 due to t-Service expiry” to discontinuous coverage scenario



Discussion
Issues on the RLF and Reestablishment
For the Issue 3-1 “Whether to capture a note in RRC about “UE may directly go to RRC_IDLE after RLF is triggered, if there is not enough time for the UE to finish the procedure of RRC re-establishment due to the discontinuous coverage”, as it is beneficial for UE power saving, we prefer to keep the NOTE (with some modifications shown in proposal 1) in the clause 5.3.11.3 (of TS 36.331), to guide the UE implementation. 
[bookmark: _Toc149753207][bookmark: _Toc149834880][bookmark: _Toc149916971][bookmark: _Toc149917266][bookmark: _Toc149917400][bookmark: _Toc149917647]Add the following NOTE to the clause 5.3.11.3 (TS 36.331).
[bookmark: _Toc149753208][bookmark: _Toc149834881][bookmark: _Toc149916972][bookmark: _Toc149917267][bookmark: _Toc149917401][bookmark: _Toc149917648]NOTE 2: UE may perform the actions upon leaving RRC_CONNECTED (with release cause 'RRC connection failure') after RLF is detected, if there is not enough time for the UE to finish the procedure of RRC connection re-establishment due to the discontinuous coverage.
With regard to the Issue 3-2 “Whether and how to apply the “early stop of T310 and early start of T311 due to t-Service expiry” to discontinuous coverage scenario”, as a connected UE losing its connection due to the discontinuous satellite coverage would first start T310 to monitor the in-sync indication from PHY layer, and then would trigger the RLF and RRC connection reestablishment upon the expiry of T310. As the UE is losing its connection due to the discontinuous satellite coverage, the attempts on monitoring the in-sync indication and on reestablishing the RRC connection are doomed to failure and consume UE’s power unnecessarily. Therefore, if a UE early stops T310 upon the expiry of t-Service, and if the UE is going to enter an unreachability period after t-Service, the UE shall go to RRC_IDLE immediately upon stopping T310, without starting T311. 
[bookmark: _Toc127532105][bookmark: _Toc127539288][bookmark: _Toc127539371][bookmark: _Toc127539387][bookmark: _Toc131763151][bookmark: _Toc131764425][bookmark: _Toc149753209][bookmark: _Toc149834882][bookmark: _Toc149916973][bookmark: _Toc149917268][bookmark: _Toc149917402][bookmark: _Toc149917649]If a UE early stops T310 upon the expiry of t-Service, and if the UE is going to enter an unreachability period after t-Service, the UE shall go to RRC_IDLE immediately without starting T311. 
More generally, upon the moment the UE enters an unreachability period, the UE can stop T310 and go to RRC_IDLE if T310 is running, or can stop T311 and go to RRC_IDLE if T311 is running. 
[bookmark: _Toc149834883][bookmark: _Toc149916974][bookmark: _Toc149917269][bookmark: _Toc149917403][bookmark: _Toc149917650]At the moment when UE determines it has entered an unreachability period:
1) [bookmark: _Toc149834884][bookmark: _Toc149916975][bookmark: _Toc149917270][bookmark: _Toc149917404][bookmark: _Toc149917651]If T310 is running, UE stops T310 and goes to RRC_IDLE without starting T311
2) [bookmark: _Toc149834885][bookmark: _Toc149916976][bookmark: _Toc149917271][bookmark: _Toc149917405][bookmark: _Toc149917652]If T311 is running, UE stops T311 and goes to RRC_IDLE
3) [bookmark: _Toc149834886][bookmark: _Toc149916977][bookmark: _Toc149917272][bookmark: _Toc149917406][bookmark: _Toc149917653]If neither T310 nor T311 is running, UE goes to RRC_IDLE
From the network perspective, it will also take some time for the network to release a RRC_CONNECTED UE after the UE has entered an unreachability period. The network may rely on the expiry of the TA timer, the RRC inactivity timer, or any other T311-like timer on the network side, to release a RRC_CONNECTED UE. However, as none of these timers aligns UE’s unreachability pattern, it is very likely the network still regards the UE as being in the connected state for an extra period after the UE has entered an unreachability period. This may result in some unnecessary cost for holding the UE context and for recovering the UE connection. Therefore, it is better to allow a RRC_CONNECTED UE to inform the network of the remaining time that the UE will still be within the satellite coverage before entering an unreachability period, and this information can be carried in a RRC message such as the UEAssistanceInformation message.
[bookmark: _Toc127532106][bookmark: _Toc127539289][bookmark: _Toc127539372][bookmark: _Toc127539388][bookmark: _Toc131763152][bookmark: _Toc131764426][bookmark: _Toc149753210][bookmark: _Toc149834887][bookmark: _Toc149916978][bookmark: _Toc149917273][bookmark: _Toc149917407][bookmark: _Toc149917654]A RRC_CONNECTED UE can inform the network of the remaining time that the UE will be within the satellite coverage before entering an unreachability period, using a RRC message (e.g., UEAssistanceInformation).
Issues on the eDRX
In the discontinuous coverage scenario, the UE being configured with eDRX would be most likely to wake up at the timing when there is no satellite coverage. This is because it is difficult for the network to configure a proper eDRX pattern aligning the satellite coverage pattern, as the satellite coverage usually occurs irregularly. Therefore, the UE needs to adjust the Paging Time Window (PTW) from time to time and so does the eNB (if eNB is also aware of the unreachability periods of the UE). In view of this, an indication can be provided by the network telling whether the RAN node (e.g., eNB) is capable of adjusting the PTW for the UE. The indication can further indicate how to adjust the PTW, for example, the PTW is always shifted forward or backward to align the satellite coverage. Probably we do not need to indicate the amount of time units that the UE/network needs to shift a PTW, if both the UE and network are aware of the unreachability periods of the UE.
[bookmark: _Toc149834888][bookmark: _Toc149916979][bookmark: _Toc149917274][bookmark: _Toc149917408][bookmark: _Toc149917655]UE is provided with an indication on whether and how to shift PTWs, in order to align PTWs with the actual occurrence of the satellite coverage. FFS on the signaling.

Conclusions
In this paper, the issues on the RRC Connection Reestablishment and eDRX operation in conjunction with the discontinuous coverage are discussed, with views and remedies being offered. Based on the analysis provided in this paper, we respectfully ask RAN2 to discuss and consider the following proposals.
Proposal 1	Add the following NOTE to the clause 5.3.11.3 (TS 36.331).
NOTE 2: UE may perform the actions upon leaving RRC_CONNECTED (with release cause 'RRC connection failure') after RLF is detected, if there is not enough time for the UE to finish the procedure of RRC connection re-establishment due to the discontinuous coverage.
Proposal 2	If a UE early stops T310 upon the expiry of t-Service, and if the UE is going to enter an unreachability period after t-Service, the UE shall go to RRC_IDLE immediately without starting T311.
Proposal 3	At the moment when UE determines it has entered an unreachability period:
1)	If T310 is running, UE stops T310 and goes to RRC_IDLE without starting T311
2)	If T311 is running, UE stops T311 and goes to RRC_IDLE
3)	If neither T310 nor T311 is running, UE goes to RRC_IDLE
Proposal 4	A RRC_CONNECTED UE can inform the network of the remaining time that the UE will be within the satellite coverage before entering an unreachability period, using a RRC message (e.g., UEAssistanceInformation).
Proposal 5	UE is provided with an indication on whether and how to shift PTWs, in order to align PTWs with the actual occurrence of the satellite coverage. FFS on the signaling.
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