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1. Introduction
RAN2#113bis-e meeting made the following agreement regarding RLF and re-establishment in IoT NTN:
	[bookmark: _Hlk61535257]For Connected mode, for both NB-IoT and eMTC, legacy RLF and re-establishment procedures can be used (minor enhancement can be considered).


This contribution aims to discuss potential issues and enhancements for RLF and re-establishment in IoT NTN.
2. [bookmark: Proposal_Beacon]Discussion
NB-IoT mobility
In the previous discussion for IoT NTN, it is expected that most of the solutions for NR NTN are applicable, except for CONNECTED mobility where NB-IoT uses RLF-based mechanism (i.e. mobility is triggered by RLF and performed via RRC re-establishment) instead of handover (and measurement report). Despite that legacy RLF and re-establishment procedures can be reused, at least the following mobility challenges for NR NTN also apply to NB-IoT in NTN:
· Latency associated with mobility signalling;
· Cell overlap and reduced signal strength variation;
· Frequent and unavoidable RLF and mobility (LEO);
· RLF-based mobility for a large number of UEs (LEO).
Like NR NTN, the larger propagation delay in NTN will introduce additional latency to RLF-based mobility procedures including RRC re-establishment, while the reduced signal strength variation may further affect the efficiency of RLF triggering or RRC re-establishment. Although RLF happens rarely due to the static GEO satellite and the UEs, for LEO the RLF-based mobility is still frequent and could happen for a large amount of UEs in a short period due to satellite movement.
Observation 1: Mobility challenges for NR NTN including latency, fuzzy signal strength variation and frequent occurrence still apply to RLF-based mobility for NB-IoT in NTN.
For NR NTN, to cope with the mobility challenges, conditional handover (CHO) is considered as promising solution as it allows conditional handover execution at UE based on pre-configured conditions and candidate cells. CHO has been agreed for NR NTN and NTN specific CHO execution conditions (e.g. location, time/timer) are under further study.
Although for R17 NB-IoT some enhancements for RLF trigger are proposed and discussed, it is obvious that RLM procedure may not follow the movement of LEO and the conditions of triggering RLF may bring additional delay or signalling overhead in NTN. Considering that the mobility for NB-IoT is finally done by RRC re-establishment, a more straightforward way is to use the conditional concept as CHO for NR NTN, i.e. conditional RRC re-establishment.
Observation 2: Conditional execution of RRC re-establishment can be beneficial to mobility for NB-IoT in NTN.
With appropriate configuration of execution condition(s), it is expected that RRC re-establishment procedure can be triggered before RLF happen reducing interruption latency. Referring to the discussion for CHO in NR NTN, the following execution conditions for RRC re-establishment can be considered:
· Signal strength triggering: if neighbouring cell measurement is finally supported in Rel-17 NB-IoT, the signal strength of neighbouring cell can be used as a criterion for RRC re-establishment execution.
· Location (UE and Satellite) triggering: triggering conditions based on UE and satellite location can be considered in NB-IoT NTN and may be considered independently or jointly with another trigger. Location-based conditional RRC re-establishment in LEO scenarios should consider deterministic satellite movement. For example, the location triggering condition may be expressed as distance between the UE and the satellite.
· Time(r)-based triggering: Several triggering conditions considering the time a region is served can be considered. This may be based on UTC time, or a timer-based solution, and may be considered independently or jointly with another trigger. Time-based conditional RRC re-establishment scenarios should consider deterministic satellite movement.
· Timing advance value based triggering: additional triggering conditions based on timing advance value to the target cell can be considered in NB-IoT NTN and may be considered independently or jointly with another trigger.
· Elevation angles of source and target cells based triggering: additional triggering conditions based on elevation angles of source and target cells can be considered in NTN and may be considered independently or jointly with another trigger.
Observation 3: Execution conditions for legacy CHO and NTN CHO may apply to RRC re-establishment NB-IoT mobility in NTN.
Proposal 1: RAN2 to consider conditional RRC re-establishment at least for NB-IoT mobility in NTN.
Discontinuous coverage
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 4: 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 5: 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
Proposal 2: RAN2 to consider conditional RRC release and re-establishment for discontinuous coverage in IoT NTN.
3. Conclusion
In this contribution we further discuss issues and enhancements for RLF and re-establishment in IoT NTN. The following observation are given:
Observation 1: Mobility challenges for NR NTN including latency, fuzzy signal strength variation and frequent occurrence still apply to RLF-based mobility for NB-IoT in NTN.
Observation 2: Conditional execution of RRC re-establishment can be beneficial to mobility for NB-IoT in NTN.
Observation 3: Execution conditions for legacy CHO and NTN CHO may apply to RRC re-establishment NB-IoT mobility in NTN.
Observation 4: Discontinuous coverage in IoT NTN will cause unnecessary RLM, RLF detection and RRC re-establishment attempt to the UE.
Observation 5: UE has to initiate random access and new RRC establishment after coverage interruption in discontinuous coverage case of IoT NTN.
And we propose:
Proposal 1: RAN2 to consider conditional RRC re-establishment for NB-IoT mobility in NTN.
Proposal 2: RAN2 to consider conditional RRC release and re-establishment for discontinuous coverage in IoT NTN.
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