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Discussion
1 Introduction
Regarding RLM on unlicensed frequency, following objective is included in WID:
- 
RLM/RRM extensions for NR-U operation due to uncertain and reduced transmission opportunities for DL signals and channels due to LBT failure in line with agreements during the study phase (NR-U TR section 7.2.1.3.2), including configuring different DRS Measurement Time Configuration (DMTCs) for RRM and RLM respectively, identifying the set of RLM-RSs to measure, which set(s) are used for in-sync, out-of-sync evaluations, potential definition of a metric to accurately identify unsuccessful detection of RLM-RS. Support RSSI reporting. Define a metric to measure channel occupancy or medium contention and its corresponding reporting. (RAN1/RAN2)
On unlicensed frequency RLM-RS may not be transmitted due to LBT failure regardless of RS design. Even though RS design for unlicensed frequency is not complete yet, RAN2 needs to discuss impact of LBT failure on RLM and RLF procedure. In this contribution, we discuss the impact of LBT failure on RLM procedure.
2 Discussion
NR RRC declares radio link failure based on OOS/IS indication received from physical layer as in LTE. The RLM-RS is transmitted periodically, and the physical layer decides whether to send OOS or IS indication to RRC based on measurement results of RLM-RS. However, in NR-U, the RLM-RS may not be transmitted at the scheduled period if gNB fails in LBT procedure.
It is still FFS whether UE can distinguish whether RLM-RS is transmitted or not, but if UE cannot distinguish it, the OOS indicator will be sent whenever gNB fails in LBT, even though the radio quality is good enough. If gNB fails in several consecutive LBT and cannot transmit the RLM-RS for a certain period of time, UE will declare RLF. Furthermore, when RRC receives several consecutive SI indications from lower layer while T310 is running, if false IS indication is reported, RRC will not stop the T310. In such case, UE will declare unnecessary RLF as well as shown in figure below.
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Figure 1 Problematic scenario caused by false OOS
Observation
If OOS indication is reported from physical layer whenever RLM-RS cannot be transmitted due to LBT failure, UE will declare unsuitable RLF frequently. 
Of course, the probability of occurrence for this kind of RLF can be slightly reduced by setting large T310 or N310 value, but this will lead to severe delay in declaring RLF and it is not a good solution. It is expected that the RAN1 will try to make a metric to identify unsuccessful detection of RLM-RS. However, considering that the severe performance degradation is expected in RAN2 procedure, we shouldn’t just wait for further progress of RAN1. RAN2 should define essential requirements or assumptions from RAN2 perspective to avoid severe performance degradation, and discuss how to solve the problem based on the RAN2 requirements or assumptions.
As the first requirement to solve the false RLF problem, we propose that UE should be able to distinguish whether RLM-RS is transmitted or not with reasonable accuracy to avoid severe degradation due to false RLF.
Proposal
UE should be able to distinguish whether RLM-RS is transmitted or not with reasonable accuracy to avoid severe degradation due to false RLF.
If a third indication or no indication is sent form lower layer when the RLM-RS is not transmitted, RLF procedure can be improved to avoid false RLF declaration in NR-U.
3 Conclusion
In this contribution, we discussed impact of RLM-RS transmission uncertainty on RLF procedure, and made following observations and proposals:
Observation
If OOS indication is reported from physical layer whenever RLM-RS cannot be transmitted due to LBT failure, UE will declare unsuitable RLF frequently.
Proposal
UE should be able to distinguish whether RLM-RS is transmitted or not with reasonable accuracy to avoid severe degradation due to false RLF.
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