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1	Introduction
During the RAN#82 meeting, the WID [1] of NR-based Access to Unlicensed Spectrum was approved. One of the objectives is to specify the following 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]:
· 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
[bookmark: _GoBack]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
2.1 RLM in NR
For the purpose of monitoring downlink radio link quality to indicate out-of-sync/in-sync status indications to higher layers in LTE, the UE shall measure the reference signal (RS) and compare it to the thresholds Qout and Qin [3]. In NR, UE can be configured with several RLM-RS resources (i.e., 2,4, or 8) to measure the radio link quality. The RLM-RS resources can be either CSI-RS resource or SSB resource or a mix of both. If the estimated downlink radio link quality of all the configured RLM-RS resources becomes worse than threshold Qout, the physical layer in the UE shall send an out-of-sync (OOS) indication to higher layers. If the estimated downlink radio link quality of at least one out of the configured RLM-RS resources becomes better than threshold Qin, the physical layer in the UE shall send an in-sync (IS) indication to higher layers. After reception of enough consecutive OOS indications, a timer is started. If no enough consecutive IS indications are received before the timer expiry, the radio link failure (RLF) is declared.
2.2 RLM in NR-U
For NR licensed operation, the physical layer assesses the radio link quality once per indication period. However, in NR unlicensed spectrum, the periodical transmission of RLM-RS may be interrupted due to LBT failure as shown in Fig.1. Once the gNB misses the RS transmission due to the failed LBT, it must wait until the next transmission opportunity, and the gNB may fail to access the channel for several consecutive periods. In this case, the UE may not exactly know the radio link status because the UE cannot distinguish whether the radio quality is poor, or the reference signals are not transmitting due to LBT failure. In this case, if the UE always reports OOS indication to higher layer even if the channel condition is good, the inaccurate measurement result may lead to unnecessary RLF. On the other hand, if the UE always doesn’t report OOS indications when it cannot detect any of its configured RLM-RS resources, this will result in unacceptable delays in declaring RLF. Therefore, the RLM/RLF mechanism may be impacted by the possible lack of reference signals due to LBT.



Figure1: Legacy periodical RLM-RS transmission in NR-U
In RAN1, SSB/CSI-RS samples within the DRS transmission window have been supported for RLM measurement, thus, it should be used for both OOS and IS evaluations. In case the UE cannot detect in a reliable manner if a missing RLM-RS within DRS transmission is due to LBT or to some other reason, we propose that the event of the UE not detecting any RLM-RS transmission within the DRS transmission window should also be counted both in the OOS and IS evaluations. The events of UE not detecting RLM-RS transmission can be captured as a lost sub-frame error (with some weight) which factors in the evaluation of L1 OOS and IS. For example, missing RLM-RS samples within DRS transmission window are assigned a pre-defined signal quality level when averaging L1 samples over the corresponding evaluation period, i.e., by incorporating a BLER weight into Qout and Qin computations. Actual BLER weight is up to UE implementation on the choice of weight factor. Therefore, the missing reference signals can be handled at PHY layer.
Observation 1: Missing RLM-RS signals can be handled at L1 without impacting RLM at upper layer.
[bookmark: _Hlk513548691]As by observation 1, the missing RLM-RS can be considered in the L1 evaluation by e.g. giving them particular weights into the hypothetical BLER estimations for both IS and OOS. That is, the UE can tolerate a certain number of missing RLM-RS samples, and eventually result in triggering RLF (e.g. by starting timer T310) when there have been too many. However, this can be achieved without introducing a new mechanism at upper layers. 
Proposal 1: RAN2 assumes that missing RLM-RS signals are handled in the L1 evaluation and thus no new RLF trigger mechanism for missing RLM-RS is introduced at upper layer by RAN2. 
In TR 38.889 [4], it was agreed that CSI-RS-based RLM may be performed outside of DRS transmission window. LBT blocking within the DRS transmission window may result in unnecessary declaration of RLF. To allow faster RLM recovery in case RLM-RS transmission within the DRS transmission window is blocked, we propose that detected L1 samples outside the DRS transmission window in correspondence of configured CSI-RS resources can be used in the in-sync evaluations. However, the RLM-RS signals used for in-sync evaluations might not have sufficient density when the periodical RLM-RS signal could not always be transmitted periodically at the configured time resource due to the unsuccessful channel access.
Further enhancements for RLM-RS signal outside of the DRS transmission window need to be investigated to consider the unsuccessful detection of RLM-RS, especially for long periodicity of RLM-RS resources. For example, when the gNB could not send the RLM-RS signal for pre-defined time duration (e.g., K=2 consecutive periods), an additional opportunity window could be triggered as shown in Fig.2, where some additional occasions of RLM-RS signal transmission should be introduced. 
RAN1 will decide whether RLM-RS signals can be transmitted opportunistically outside DRS transmission window, however, configuration of opportunistic RLM-RS transmissions may be discussed in RAN2 for further optimization of measurements.
[bookmark: _Toc4571080][bookmark: _Toc4593406]Proposal 2: RAN2 to discuss the RRC signalling support for configuration of RLM-RS signals outside DRS transmission window.



Figure 2: Opportunistic RLM-RS transmission in one triggered window in NR-U
It was agreed in RAN2 #102 meeting [5], multiple beam operation and related procedures should be studied. The RLM framework for NR-U should also support multiple beam operation. In NR licensed spectrum, in-sync (IS) can be indicated to higher layers if at least one beam provides sufficient link quality, i.e., above Qin threshold. On the other hand, out-of-sync (OOS) can be indicated to higher layers if all configured beams (or the number of beams within its capability) could not provide sufficient link quality, i.e., below Qout threshold. The LBT impacts have been considered in the L1 in-sync and out-of-sync evaluations for each beam. Therefore, for NR-U RLM, RAN2 could consider the multi-beam framework of NR licensed spectrum as baseline.
Proposal 3: For NR-U RLM, RAN2 uses the multi-beam framework of NR licensed spectrum as baseline.
3	Conclusion 
The proposals and observations made in this contribution are summarized below.
Observation 1: Missing RLM-RS signals can be handled at L1 without impacting RLM at upper layer.
Proposal 1: RAN2 assumes that missing RLM-RS signals are handled in the L1 evaluation and thus no new RLF trigger mechanism for missing RLM-RS is introduced at upper layer by RAN2. 
Proposal 2: RAN2 to discuss the RRC signalling support for configuration of RLM-RS signals outside DRS transmission window.
Proposal 3: For NR-U RLM, RAN2 uses the multi-beam framework of NR licensed spectrum as baseline.
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