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1. Introduction
RAN2#114 meetings made the following agreement regarding discontinuous coverage:
	[bookmark: _Hlk61535257]Support of discontinuous coverage without excessive UE power consumption and without excessive failures / recovery actions, is essential, Expectation that this need to be taken into account at least for Idle mode, and that this is applicable for all reference scenarios (GEO, MEO and LEO). 
For a UE, it shall be possible to predict discontinuous coverage based on the satellite assistance information.
To the extent possible/reasonable: The UE is expected to save power by not attempting to camp or connect when coverage is not there. 
To the extent possible/reasonable: The network is expected not try to reach UEs that are out of coverage. 
Note that it is still an expected requirement that UE and Network are synchronized w.r.t. when the UE is awake and reachable (e.g. for paging].


In this contribution we discuss the issues and possible solutions for RRC connection handling in discontinuous coverage， focusing on avoidance of excessive failures or recovery actions.
2. [bookmark: Proposal_Beacon]Discussion
For IoT NTN, there could be discontinuous coverage due to low-density satellite constellation or deployment costs, e.g. microsatellite platforms including Cube satellites. In this case UE may remain long periods of time without being able to detect a satellite cell, and therefore may suffer additional and unnecessary power consumption which is essential to IoT devices. Such problem could happen in connected mode procedures including RRC connection failure and attempt of recovery.
As shown in Figure 1, a CONNECTED UE performs RLM and will detect RLF when approaching the edge of discontinuous network coverage. The UE will first try to find a suitable cell to re-establish RRC connection, after which it will finally transit to IDLE as T301 will expire due to coverage interruption. In this case the RLM, RLF detection and RRC re-establishment attempt are unnecessary. From the perspective of power saving or signalling overhead, it is expected that network can indicate UE to omit these procedures (e.g. moving UE to IDLE), i.e. the RRC connection can be conditionally suspended or released.
Observation 1: Discontinuous coverage in IoT NTN will cause unnecessary RLM, RLF detection and RRC re-establishment attempt to the UE.
Meanwhile, considering that the configurations for CONNECTED will be released or discarded when UE enters IDLE, the UE has to initiate random access and establish new RRC connection when coverage restores (e.g. a new cell belonging to the same or different satellite is available again after coverage interruption). In this case conditional RRC re-establishment can also be used for quick RRC re-establishment and random access could be omitted.
Observation 2: UE has to initiate random access and new RRC establishment after coverage interruption in discontinuous coverage case of IoT NTN.
[image: ]
Figure 1. A CONNECTED UE in discontinuous coverage scenario using legacy RLF and re-establish mechanisms
Considering that no RLM, RLF detection or RRC re-establishment attempt is needed when there is coverage interruption (i.e. coverage hole), the first step is to determine the coverage interruption period for a UE. The network can provide some assistance information including the satellite ephemeris and time to start/stop serving, which can refer to the discussions and agreements in NR NTN.
[bookmark: _Hlk79054851]Proposal 1: RAN2 to discuss the satellite assistance information for the UE in discontinuous coverage, to determine the coverage interruption period.
With such assistance information and its location information, UE can determine its coverage interruption period and therefore can avoid unnecessary RLM, RLF detection or RRC re-establishment attempt. UE may report its coverage interruption period to the network so that the network may directly move UE to idle.
Proposal 2: UE can report its coverage interruption period to the network as assistance information for discontinuous coverage.
Another usage of UE coverage interruption period is shown in Figure 2 for RRC connection recovery when the coverage restores. With UE’s report the network can preconfigure UE for RRC connection recovery to its next serving satellite, which may avoid random access procedure as a delayed RACH-less HO. The configuration should be retained when UE enters IDLE due to coverage interruption.
[image: ]
Figure 2. Pre-configuration for RRC connection recovery in discontinuous coverage
Proposal 3: RAN2 to consider support of RRC connection recovery configuration before coverage interruption in discontinuous coverage, so that UE can recovery RRC connection when coverage restores.
3. Conclusion
In this contribution we give further discussion on RRC connection handling in discontinuous coverage of IoT NTN. It is observed that:
Observation 1: Discontinuous coverage in IoT NTN will cause unnecessary RLM, RLF detection and RRC re-establishment attempt to the UE.
Observation 2: UE has to initiate random access and new RRC establishment after coverage interruption in discontinuous coverage case of IoT NTN.
The following proposals are given:
Proposal 1: RAN2 to discuss the satellite assistance information for the UE in discontinuous coverage, to determine the coverage interruption period.
Proposal 2: UE can report its coverage interruption period to the network as assistance information for discontinuous coverage.
Proposal 3: RAN2 to consider support of RRC connection recovery configuration before coverage interruption in discontinuous coverage, so that UE can recovery RRC connection when coverage restores.
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