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1 Introduction
In the RAN2#121bis-e meeting, RAN2 related enhancements to discontinuous coverage were discussed and the following agreements were achieved.

Agreements via email – from offline 115:
1. RAN2 will not introduce any enhancement to allow a UE in RRC Connected to stay in RRC_CONNECTED during/after a coverage gap (e.g. suspend RLM/RLF, activation time in RRC Reconfiguration, CHO enhancement)
Agreements online:
1.
RAN2 to introduce enhancement to RRC Release using one of the following options (FFS which one):


-
Explicit RRC Release using a new RRC Release cause

-
UE Autonomous release (e.g. timer based or upon detection of coverage gap)
In this contribution, we further discuss the leftover issues regarding discontinuous coverage.
2 Discussion

2.1 Issue on RRC release
In the last meeting, it has been agreed by RAN2 to introduce enhancement to RRC Release using one of the following options: i) Explicit RRC Release using a new RRC Release cause; and ii) UE Autonomous release (e.g. timer based or upon detection of coverage gap), FFS which one. 
Although we made this agreement, during the discussion, many companies think enhancement to RRC Release is not essential. So we should aim at a solution with minimum specs impact. 

For option 1, the network sends an explicit release indication to release UE to RRC_IDLE if coverage gap is approaching. To achieve this, gNB needs to know the accurate coverage situation of UE, which requires UE or CN to provide assistance information. For option 2, UE knows its own coverage situation and can request RRC release to NW by itself. If we go for option 2, we can reuse the similar procedure as the legacy R17 procedure for MUSIM, i.e, UE can indicate “RRC_IDLE” to the Network as the preferred RRC state when it is going to enter a coverage gap and start a timer. Then if the UE hasn’t receive RRC release from the NW when the timer expires the UE goes to RRC_IDLE autonomously.
	20.3
 UE notification on Network Switching
When configured to do so, a MUSIM device can signal to the Network A a preference to leave RRC_CONNECTED state by using RRC (see TS 38.331 [12]) or NAS signalling (see TS 23.501 [3]). After sending a preference to leave RRC_CONNECTED state by using RRC signalling, if the MUSIM device does not receive an RRCRelease message from the Network A within a certain time period (configured by the Network A, see TS 38.331 [12]), the MUSIM device can enter RRC_IDLE state in Network A.


There will be little spec effort needed for this option.
Proposal 1: UE can indicate “RRC_IDLE” to the Network as the preferred RRC state when it is going to enter a coverage gap and start a timer, similar as the mechanism designed by R17 MUSIM. 
2.2 Enhancement of paging
During previous meetings, enhancement of paging was discussed and RAN2 agree to support it with the details FFS. While some companies think this should be in SA2’ scope, it is hard for CN configuration to cover the misalignment between the evenly distributed PTWs and unevenly distributed coverage windows. 

Besides, it should be considered is how to handle the case when the UE moves within an NTN cell. In this case, the gNB may not know UE’s actual up-to-date coverage window. As illustrated in the following figure, the UE reports its current position in 10:15 and the network derives associated coverage window (suppose coverage window 1 for TAC 1). The network will derive the coverage window 1 and take it into account when paging the UE. After the UE moves into another TA within the same cell (e.g., from TAC 1 to TAC 2). Then the actual coverage window for UE (suppose coverage window 2 for TAC 2), is misaligned with the previous one derived by the network. 
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Figure 2 UE moves in one cell, without triggering Tracking Area Update
Observation 1: UE’s movement within the NTN cell may result in misaligned understandings about coverage window between the network and the UE.

To address the misalignment, it is beneficial for the network to derive multiple estimated coverage windows by implementation, to cover the actual coverage window for the UE. For example, the TAC 1 and TAC 2 in Figure 2 corresponds to coverage window 1 and coverage window 2, respectively. Based on the estimated coverage window 1 reported by the UE before, the network derives the estimated coverage window list which includes coverage window 1 and coverage window 2. When there is paging message to be delivered, the network can perform the paging of the UE in the estimated coverage window list to avoid a paging miss by the UE.

Proposal 2: The network can predict multiple coverage windows by implementation and takes them into account when paging a UE.
2.3 Enhancement of RLF 
Generally, when UE approaching the edge of discontinuous network coverage, physical link failure will occur and higher layer will receive the declaration of this failure. The UE will try to find a suitable cell to re-establish RRC connection, while if the connection reestablishment is not successful, UE will enter RRC_IDLE state. Thus, in the case of discontinue coverage, RLF detection and RRC re-establishment attempts mentioned above are unnecessary. To save power or signalling overhead, network can indicate UE to omit these unnecessary procedures. 

To this end, one option is to let UE enter RRC_IDLE once the coverage is loss. Thus the attempt to recover connection can be avoided for power saving concern. In our understanding, power consumption can be further reduced by let UE enter RRC_IDLE advance before losing coverage. This is because once out-of-sycn occurs, data transmission is unavailable and UE should enter RRC_IDLE. To achieve this, we propose to let UE enter RRC_IDLE if the remaining serving time less than a threshold. As shown in Figure 3, UE enter RRC_IDLE before the expiry of T310, and also before the losing of coverage. 
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Figure 3 Trigger RLF before coverage is loss
Proposal 3: After RLF is triggered, UE enters RRC_IDLE if the remaining serving time is less than a threshold in discontinuous coverage scenario.
2.4 Other enhancement of AS procedure
Generally, when the UE loses the connection with satellite, the UE might scan the TN frequency and try to access TN to obtain service. However, the TN coverage is not always existing where TN loses its NTN connection, and power will be wasted if UE scan the TN frequency in this area. In R17 IoT NTN discontinuous coverage, the network will provide the assistance information of the incoming satellites, e.g. satellite ephemeris, and UE can determine based on its knowledge of its location and the satellite ephemeris when there will be NTN coverage and when there will not. If there is no satellite coverage, the UE will stop the AS function for the purpose of power saving. 
Currently in 36.304 and 36.300, it is specified that UE is not required to perform any idle mode tasks when there is no NTN coverage. However, whether this is reasonable is still under discussion in R17 correction as it may affect legacy behavior [2]. This issue is also under discussion in CT1 [3]. 

From our point of view, if there is a suitable TN cell, the UE should perform cell selection to the TN cell to obtain TN service. And if there isn’t any suitable TN cell, UE can stop the AS function for TN to save power consumption. 
Proposal 4: UE stops the AS idle mode tasks related to TN only when there is no TN cells in the discontinuous coverage. 
3 Conclusion

In this contribution, we discussed the discontinuous coverage in IoT NTN and have the following proposals:

Proposal 1: UE can indicate “RRC_IDLE” to the Network as the preferred RRC state when it is going to enter a coverage gap and start a timer, similar as the mechanism designed by R17 MUSIM. 
Observation 1: UE’s movement within the NTN cell may result in misaligned understandings about coverage window between the network and the UE.
Proposal 2: The network can predict multiple coverage windows by implementation and takes them into account when paging a UE.
Proposal 3：After RLF is triggered, UE enters RRC_IDLE if the remaining serving time is less than a threshold in discontinuous coverage scenario.
Proposal 4：UE stops the AS idle mode tasks related to TN only when there is no TN cells in the discontinuous coverage. 
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