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1. Introduction
RLM aspects of NR-U were discussed during the NR-U Study Item and the following abbreviated conclusions were reached:

· For RLM, NR licensed specification in Rel-15 are considered as a baseline for NR-U. However, changes to these due to new physical layer design and LBT for the unlicensed operation can be introduced. These will support both synchronous and, except for LAA case, asynchronous deployments.

· RLM framework for NR-U will also support multiple beam operation. The measurement of multiple beams in NR-U will use the framework in TS 38.300 Section 9.2.4.

· For UE measurements, it is assumed that recurring transmissions of SSB/PBCH and RMSI will be available with possibly reduced opportunities due to LBT. The NR licensed measurement framework (cell and beam quality derivation for RSRP, RSRQ, and SINR, filtering and combining multiple beams) is used as a baseline. The handling of missing measurements due to LBT are expected to be captured at physical layer specifications.
The NR-U WID [1] lists an objective for RLM under both RAN1 and RAN2 responsibility in detail as follows:

 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)

RAN2#105 also discussed RLM in the context of UL LBT failures and agreed on the following [2]:

· Consistent LBT failures can lead to RLF, at least for UL transmissions, for which consistent failures can currently eventually lead to RLF 

In this contribution, we discuss possible enhancements to RLM considering Rel-15 NR as baseline, in particular considering the impact of LBT on measurements and access.

2. Discussion
In NR-U, the reference signals transmitted on downlink will be subject to LBT and thus may be dropped when LBT fails. This affects RLM (and RRM) which rely on the measurement of these signals. The issue was discussed during the Study Item and it was concluded that “The handling of missing measurements due to LBT are expected to be captured at physical layer specifications”. 
Observation 1: NR-U Study Item concluded that “the handling of missing measurements due to LBT are expected to be captured at physical layer specifications.”.

For RLM, Qin and Qout calculations are specified in 38.133 where the requirements are defined for a given period. In other words, the UE behaviour for individual RS measurements are not specified. This framework would also allow absorbing the missing measurements where RAN4 can further define their handling. We also note that L1 filtering is up to UE implementation and RAN4 requirements are specified by disabling L3 filtering, i.e. at the L1 output.
Observation 1: NR-U Study Item concluded that “the handling of missing measurements due to LBT are expected to be captured at physical layer specifications.”.

Observation 2: RAN4 specification (38.133) only defines the requirement for the UE to calculate Qin/Qout within a given period.
Observation 3: How the UE takes into account the missing reference signals for Qin/Qout calculation should be decided by RAN4 and RAN1 and should only impact L1 measurements. 

Proposal 1: Missing reference signals do not impact RLM at Layer 3.

A related issue is Beam Failure Detection and Recovery. It is appropriate to discuss it together with RLM since BFD also relies on the same measurements (and the configuration is also part of RLM in RRC). Therefore, the arguments on RLM above the SI conclusion would also apply to BFD.
Observation 4: BFD in NR works similar to RLM where L1 delivers “in/out” indication for MAC and RAN conclusion on measurements should also be adopted here.

Proposal 2: Missing reference signals do not impact BFD and BFR at MAC. 
RAN2 should continue the discussion confirming the Study Item conclusion and requesting RAN1/RAN4 to do the necessary work in their specifications.
Proposal 3: Send an LS to RAN1 and RAN4 to confirm and get feedback on Proposal  1 and 2.

If the UE misses reference signals consistently for a long duration, it can cause RLF under the reasonable assumption they will produce Qout according to RAN4 specification. In some cases, the gNB will be aware of this since the signals were not transmitted due to LBT failure. However, they can also be missed due to interference from hidden nodes, in which case it can be beneficial to inform the gNB which can take appropriate action before RLF occurs.  
Observation 5: If the UE misses reference signals for a long duration due to interference, reporting it would be beneficial for the gNB to detect hidden nodes and take action.

Proposal 4: RAN2 to discuss whether and how to measure and report missing reference signals.

Since UE will perform LBT on uplink (Cat 2 or Cat 4 depending on within or outside COT, TBC by RAN1), uplink transmissions can fail due to not passing LBT. This can affect all uplink transmissions SR, SRS, PRACH, PUCCH, PUSCH. In some cases, RLF will be triggered, for example when the maximum number of RACH attempts occur or when maximum RLC retransmissions (for RLC AM) are reached. For other transmissions, the failed transmissions will degrade performance (e.g. SRS, PUCCH, RLC UM) and will have to rely on gNB implementation to take action (e.g. deactivate the cell).
Observation 6: Persistent LBT failures for uplink will not cause RLF unless they cause RACH failure or RLC failure.

It was proposed by several contributions during the Study Item to have a unified mechanism to handle persistent LBT failures on uplink. This can allow the UE to react sooner, for example by reporting them to the gNB (for the LAA case or when there is a better cell) or declare RLF or use it as a conditional handover trigger for PCell. It is worth discussing the subject further in RAN2 and reach a conclusion. The Study Item agreements on RACH for not incrementing power already requires an LBT failure indication from PHY to MAC and this can be extended for all uplink transmissions by allowing the solution to be limited to MAC specification only. For BFD, there is already a MAC procedure for detecting PHY failures and it can serve as a blueprint for LBT failures as well.
Observation 7: It can be beneficial to have a common mechanism and outcome for persistent LBT failures, similar to BFD.

Proposal 5: RAN2 to discuss whether and how persistent LBT failures on uplink should be handled.
3. Conclusion

In this contribution, we discussed RLM for NR-U and observe and propose the following:
Observation 1: NR-U Study Item concluded that “the handling of missing measurements due to LBT are expected to be captured at physical layer specifications.”.

Observation 2: RAN4 specification (38.133) only defines the requirement for the UE to calculate Qin/Qout within a given period.

Observation 3: How the UE takes into account the missing reference signals for Qin/Qout calculation should be decided by RAN4 and RAN1 and should only impact L1 measurements. 

Proposal 1: Missing reference signals do not impact RLM at Layer 3.

Observation 4: BFD in NR works similar to RLM where L1 delivers “in/out” indication for MAC and RAN conclusion on measurements should also be adopted here.

Proposal 2: Missing reference signals do not impact BFD and BFR at MAC. 

Proposal 3: Send an LS to RAN1 and RAN4 to confirm and get feedback on Proposal  1 and 2.

Observation 5: If the UE misses reference signals for a long duration due to interference, reporting it would be beneficial for the gNB to detect hidden nodes and take action.

Proposal 4: RAN2 to discuss whether and how to measure and report missing reference signals.

Observation 6: Persistent LBT failures for uplink will not cause RLF unless they cause RACH failure or RLC failure.

Observation 7: It can be beneficial to have a common mechanism and outcome for persistent LBT failures.

Proposal 5: RAN2 to discuss whether and how persistent LBT failures on uplink should be handled.
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