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1. Introduction
The previous RAN2 meetings made the following agreements regarding discontinuous coverage for IoT NTN:
	RAN2#121 agreements
· RAN2 can continue to check whether dedicated RRC signalling can be used for providing satellite information corresponding to discontinuous coverage.
· RAN2 will support enhancements in paging and eDRX, in alignment with the work in SA2 and CT1. FFS on the details
· RAN2 may consider enhancements for connected UE upon detecting discontinuous coverage (e.g., suspend RLM, RLF detection, and RRC re-establishment process)
· Companies supporting the store and forward approach can bring a proposal to the plenary for TEI18 or for updating the WID.
RAN2#121bis agreements
· 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)
· 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 details based on the above agreements.
2. [bookmark: Proposal_Beacon]Discussion
How to suspend RLM, RLF detection or RRC re-establishment
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.
[image: ]
Figure 1. A CONNECTED UE in discontinuous coverage scenario using legacy RLF and re-establish mechanisms
Currently with the assistance information introduced in Rel-17 and its location information, UE can estimate its coverage interruption period. Such estimation can be reported to the core network by UE via NAS signalling to help network in configurations for eDRX/PSM and paging scheduling. Meanwhile from RAN2 perspective, such UE’s estimation can also help eNB in avoiding unnecessary RLM, RLF detection or RRC re-establishment attempt.
Observation 1: In discontinuous coverage eNB shall be aware of UE's estimation of coverage interruption e.g., in order to prevent unnecessary RLM, RLF detection and RRC re-establishment attempt at UE.
It is beneficial to allow UE may report its estimation of coverage interruption period to the eNB so that the eNB may suspend corresponding behaviour or move UE to RRC_IDLE.
Proposal 1: RAN2 to consider enhancements to UE reporting its estimation of coverage interruption to eNB.
Connection recovery after interruption
Considering that the configurations for RRC_CONNECTED will be released or discarded when UE enters RRC_IDLE, both NB-IoT and eMTC UEs have to initiate random access and establish new RRC connection when coverage restores. In this case conditional RRC re-establishment can also be considered 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.
Conditional RRC re-establishment can make usage of UE coverage interruption period. With UE’s report the eNB can preconfigure UE for RRC connection recovery to its next serving satellite, which may avoid random access procedure. The configuration can be retained when UE enters IDLE due to coverage interruption.
Proposal 2: At least for the same satellite before and after coverage interruption, RAN2 to consider enhancements to RRC connection recovery configuration before coverage interruption, so that UE can recovery RRC connection when coverage restores.
Neighbour cell measurement in RRC_CONNECTED
The criteria of triggering neighbour cell measurement in RRC_CONNECTED for NB-IoT is a combination of serving cell RSRP and its variance. That is, in CONNECTED mode if the measured serving cell RSRP is lower than a threshold and its variance compared to a reference RSRP is higher than a threshold, the UE performs neighbour cell measurements. This solution is designed for continuous coverage deployment, wherein the RSRP and its variation can well reflect whether an NB-IoT UE is possibly approaching RLF (i.e., due to leaving the serving cell), and the scenarios of discontinuous coverage have not been considered.
The discontinuous coverage may happen in space and time domain due to sparse constellation of satellites and satellite movement. It may lead to additional and unnecessary power consumption which is at least essential to NB-IoT devices. Unlike the temporary coverage interruptions in TN, in NTN the coverage interruptions are expected to last for a longer time duration and are predictable with the help of satellite assistance information. In such scenario there could be no neighbour cell available to be measured, but unnecessary neighbour cell measurement could be still triggered by NB-IoT UE.
[bookmark: _Hlk127347597]Observation 3: CONNECTED neighbour cell measurement for NB-IoT UE will be unnecessarily triggered due to coverage discontinuity.
In discontinuous coverage scenario, the disabling of neighbour cell measurement triggering in RRC_CONNECTED could be based on the duration of coverage discontinuity as well. Two possible options can be considered: 1) UE determines when to disable the measurement triggering by its prediction, or 2) network determines when to disable the measurement triggering by its prediction or UE’s report.
Proposal 3: RAN2 to consider enhancements to disable neighbour cell measurement triggering in RRC_CONNECTED before coverage interruption due to discontinuous coverage.
3. Conclusion
In this contribution we analyze issues with potential solutions for mobility management and power saving in IoT NTN discontinuous coverage. It is observed that:
Observation 1: In discontinuous coverage eNB shall be aware of UE's estimation of coverage interruption e.g., in order to prevent unnecessary RLM, RLF detection and RRC re-establishment attempt at UE.
Observation 2: UE has to initiate random access and new RRC establishment after coverage interruption in discontinuous coverage case of IoT NTN.
Observation 3: CONNECTED neighbour cell measurement for NB-IoT UE will be unnecessarily triggered due to coverage discontinuity.
The following proposals are given:
Proposal 1: RAN2 to consider enhancements to UE reporting its estimation of coverage interruption to eNB.
Proposal 2: At least for the same satellite before and after coverage interruption, RAN2 to consider enhancements to RRC connection recovery configuration before coverage interruption, so that UE can recovery RRC connection when coverage restores.
Proposal 3: RAN2 to consider enhancements to disable neighbour cell measurement triggering in RRC_CONNECTED before coverage interruption due to discontinuous coverage.
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