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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 RAN1 #96 the following agreement was made related to RLM:
	Agreement:
· 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




In this contribution, we will discuss radio-link monitoring/failure (RLM/RLF) framework in NR-U, identify the potential impact on the RLM/RLF measurement due to the reduced transmission opportunities for RLM-RS signal due to LBT failure in NR-U, and specify the relationship between the RLM measurement window and the DRS transmission window, then determine which RLM-RS within or outside the RLM measurement window can be used for in-sync and out-of-sync evaluations, and finally give some possible solutions to enhance the RLM measurement by increasing the RLM-RS transmission opportunities. 
2	Discussion 
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 [2]. When the estimated downlink radio link quality becomes worse than threshold Qout, the physical layer in the UE shall send an out-of-sync (OOS) indication to higher layers. When the estimated downlink radio link quality 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.
In NR licensed spectrum, both Synchronization Signal Block (SSB) and Channel Status Information Reference Signal (CSI-RS) can be used as RLM reference signals [3]. Both RLM-RS resources can be transmitted periodically at specific time instants. The UE shall monitor the downlink quality based on the SSB and/or CSI-RS, and assess the downlink radio link quality per every evaluation 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. More seriously, 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.
Observation 1: the RLM/RLF measurement and report may be impacted by the reduced transmission opportunity of the RLM reference signals due to LBT failure.



Figure1: Legacy periodical RLM-RS transmission in NR-U
About the current RLM framework in NR, UEs are provided RLM reference signal configurations by implicit determination or explicit configuration from the gNB, implicit configuration meaning same monitoring occasions for both RLM-RS and RMSI; hence related to the implicit RLM-RS configuration we propose to use as RLM-RS both SSB and CSI-RS within the DRS transmission window, the RLM measurement window being equal to the DRS transmission window. The UE shall monitor the downlink quality based on the SSB and/or CSI-RS and assess the downlink radio link quality per every evaluation period. 
Proposal 1: SSB/CSI-RS-based RLM measurements inside the DRS transmission window are supported, the RLM measurement window being equal to the DRS transmission window.
[bookmark: _Hlk513548691]Since SSB/CSI-RS samples within the DRS transmission window have been supported for RLM measurement, 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 conditional on UE meeting MPS requirements as defined by RAN4 test cases. Therefore, how to count the missing RLM-RS samples within the DRS transmission window in the OOS and IS evaluations is for RAN4 to be discussed.
Proposal 2: RLM-RS samples within the DRS transmission window are taken into account for both in-sync and out-of-sync evaluations. How to count the missing RLM-RS samples in the out-of-sync evaluations and in-sync evolution is for RAN4 to be discussed.
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. Though RLM-RS transmission outside the DRS transmission window may be affected by a fluctuant transmission power, they can still be used for RLM measurements purpose. To allow for 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.
Proposal 3: L1 samples outside the DRS transmission window are used for in-sync evaluations (upon detection of RLM-RS transmission from the gNB).
As by proposal 3, outside of the DRS transmission window the samples based on the detection of periodical RLM-RS (e.g. CSI-RS) can be used for the in-sync evaluations. It seems that the number of detected RLM-RS signals, which relies on the RLM-RS periodicity and the success probability of LBT, may impact the in-sync evaluation performance. 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. 
Observation 2: The RLM-RS signals used for in-sync evaluation might not have sufficient density when the periodical RLM-RS signals are always blocked by failed LBT 
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. Besides the legacy periodical RLM-RS signal (i.e., CSI-RS), the opportunistic RLM-RS signal can also be extended to include DMRS/CSI-RS carried by GC-PDCCH/PDSCH channels.
Proposal 4: For outside the DRS transmission window, the RLM measurement should consider the additional opportunistic RLM-RS transmission in one triggered window if the legacy periodical RLM-RS transmission is not detected.



Figure 2: Opportunistic RLM-RS transmission in one triggered window in NR-U
In NR, the UE shall be able to evaluate the downlink quality on the configured RLM-RS resources over a certain evaluation period, which is based on DRS transmission period and the number of DRS samples. However, in NR-U, considering that the DRS signal may be introduced for RLM as proposed above, the evaluation period may be redefined in terms of DRS transmission period and the number of DRS samples. Lower number of DRS samples will impact the accuracy of RLM. However, for a given DRS transmission period, the evaluation period increases as the number of DRS samples increases. The larger evaluation period may result in slow response times in the L1 sync evaluation. Therefore, the detailed number of DRS samples under various DRS transmission periods needs to be specified after evaluation. 
Proposal 5: The definition of evaluation period should depend on the DRS transmission period and the number of DRS samples. The specific number of DRS samples under various DRS transmission periods needs to be evaluated. 
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 6: For NR-U RLM, RAN2 could use 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: the RLM/RLF measurement and report may be impacted by the reduced transmission opportunity of the RLM reference signals due to LBT failure.
Proposal 1: SSB/CSI-RS-based RLM measurements inside the DRS transmission window are supported, the RLM measurement window being equal to the DRS transmission window.
Proposal 2: RLM-RS samples within the DRS transmission window are taken into account for both in-sync and out-of-sync evaluations. How to count the missing RLM-RS samples in the out-of-sync evaluations and in-sync evolution is for RAN4 to be discussed.
Proposal 3: L1 samples outside the DRS transmission window are also used for in-sync evaluations (upon detection of RLM-RS transmission from the gNB).
Observation 2: The RLM-RS signals used for in-sync evaluation might not have sufficient density when the periodical RLM-RS signals are always blocked by failed LBT 
Proposal 4: For outside the DRS transmission window, the RLM measurement should consider the additional opportunistic RLM-RS transmission in one triggered window if the legacy periodical RLM-RS transmission is not detected.
Proposal 5: The definition of evaluation period should depend on the DRS transmission period and the number of DRS samples. The specific number of DRS samples under various DRS transmission periods needs to be evaluated. 
Proposal 6: For NR-U RLM, RAN2 could use the multi-beam framework of NR licensed spectrum as baseline. 
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