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1 Introduction
One of the objectives in the WID [1] of NR-based Access to Unlicensed Spectrum is to specify the RLM/RRM operations for NR-U:
	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



In RAN2#105bis, below conclusions of the email discussion have been made regarding RLM [2]:
	Agreement in RAN2#105bis:
FFS: A new RLF triggering mechanism for missing RLM-RS may be defined at upper layers but RAN2 should wait for RAN1 conclusion on this issue.



In this contribution, we give our views on possible enhancements to RLM in NR-U, and discuss the RLM/RLF in the context of impact to RAN2.

2 Discussion
When RRC receives a certain number of consecutive out-of-sync indications, termed as ‘N310’, from the physical layer, UE starts a configurable timer T310. The timer stops if a number of consecutive in-sync indications, N311, are reported by the UE’s physical layer. Otherwise, upon the expiry of T310, a Radio Link Failure (RLF) is declared. At this time, UE initiates RRC Connection Reestablishment procedure and starts T311 timer. After selecting a suitable cell, UE stops T311 timer and again starts T301 timer. UE can stop T301 timer when it receives RRCConnectionReestablishment from gNB. If either T311 or T301 expires, UE fails to recover its connection and goes to IDLE mode.

2.1 RLM and RLF in NR-U
In NR-U operation, gNB may be unable to transmit Reference Signals (RS) due to LBT failure. It might impact the existing RLM, i.e. DL quality may not be measured in every evaluation period, and the physical layer can regard it as OOS. Thus, it is questionable if layer-1 (physical layer) can distinguish between missing RSs and poor DL RS quality. It would be beneficial in NR-U to have separate indication and counter for missing RSs arising from LBT failure.
Observation 1: It would be beneficial in NR-U to have separate indication and counter for missing RSs arising from LBT failure.
For SSB-based RLM, RAN1 has introduced a terminology “RLM measurement window”, which is agreed to be same as the DRS window [3]. It also implies that SSB-based RLM RS will not fall outside of DRS windows. However, for CSI-RS based RLM, RAN1 concluded that for CSI-RS both inside and outside of DRS windows can be used for RLM. Furthermore, there was no consensus in RAN1 [3] about how to handle missing RLM-RS. With the above RAN1’s conclusion [3], it is apparently more challenging for UE to perform CSI-RS based RLM than SSB-based RLM. Recent agreements in RAN 1 regarding RLM/RLF are mentioned below [3]:

	Agreement in RAN1#99:
An RLM measurement window for serving cell RLM measurements based on SSBs in the DRS is supported for in-sync and out-of-sync evaluations.
FFS: How RLM measurement window is indicated or determined and relation to DRS transmission window
FFS: Whether or not an SSB can fall outside the measurement window and, if so, whether it can be used for in-sync and out-of-sync evaluations.
FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window.
FFS: Mechanism to handle missing RLM-RS due to LBT failure



Discussions on RLM/RLF in NR-U is also underway in RAN4. RAN4 has discussed that if the SNR is too low, it is true that UE cannot distinguish between LBT failure and bad channel condition.
Observation 2: There was no consensus in RAN1 and in RAN 4 about how to handle missing RLM-RS in NR-U.
[bookmark: _GoBack]Based on the above observation, it seems currently it is not possible to perfectly distinguish. Some of the options [4] discussed in recent meetings are mentioned below: 
· Not to consider samples outside DMTC are not considered for OOS evaluations. It could be helpful, but not sufficient to distinguish.
· In the absence of RS, gNB provides explicit indication to assist the UE with OOS evaluations. However, the problem is that LBT failure can also impact the explicit indication.
· New metric for RLM is introduced to reduce the false-alarm in RLM/RLF. However, no new metric, sufficient to distinguish between poor signals and missing RSs, is defined yet.
· Options also include 
Thus, due to the lack of any proper and reliable mechanism for identifying missing RS signals, for simplicity, we believe it will be better not to include any further unnecessary, complicated mechanism. gNB can configure N310 timer to higher values for UEs operating in NR-U. This will result in UEs to consider the missing RS in LBT failure and trigger the RLF after some longer time.  
Proposal 1: Given the fact that it is not possible to clearly distinguish between missing RS samples due to failure and poor DL RS quality in NR-U, UE can still continue with the same RLM process with an increased RLF triggering timer, configured by NR-U gNB.
3 Conclusions
In this contribution, we give our views on possible enhancements to RLM in NR-U, and discuss the RLM/RLF in the context of impact to RAN2.
Observation 1: It would be beneficial in NR-U to have separate indication and counter for missing RSs arising from LBT failure.
Observation 2: There was no consensus in RAN1 and in RAN 4 about how to handle missing RLM-RS in NR-U.
Proposal 1: Given the fact that it is not possible to clearly distinguish between missing RS samples due to failure and poor DL RS quality in NR-U, UE can still continue with the same RLM process with an increased RLF triggering timer, configured by NR-U gNB.
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