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Introduction
A new WI has been agreed in RAN#82 to work on NR based access in unlicensed spectrum. One of the WI scope is to RLM extensions for NR-u operation:
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)

During the SI phase, RLM/RLF was discussed and RAN2 couldn’t decide whether there is an impact to RAN2.
In this contribution, the RLM/RLF is discussed in the context of impact to RAN2.  
Discussion
Background
In NR, UE can be configured with up to {2, 4 or 8} RLM-RS resources (depending on the carrier frequency range of spCell) to measure the radio link quality. The RLM-RS resources can be either CSI-RS resource or SSB resource or a mix of both. 
For the L1 assessment (after which the UE provides the In-sync (IS) or Out-of-sync (OOS) indication), hypothetical block error rate (BLER) is used to determine whether the UE is in in-sync (IS) or in out-of-sync (OOS) condition. A UE assumes to be in IS condition, if at least one out of the configured RLM-RS resources is estimated to have a hypothetical BLER below a configurable threshold. On the other hand, the UE assumes to be in OOS condition, if only all configured RLM-RS resources are estimated to have hypothetical BLER above another configurable threshold. For non-DRX, the minimum requirement for such IS and OOS assessment is done every maximum of either 10ms or shortest periodicity of RLM-RS resource configuration. As for DRX, it should be like LTE in terms of number of DRX cycles (currently still FFS in RAN4 spec).
In RAN4 specification, it also defines the evaluation period in which the UE shall be able to evaluate the IS and OOS condition for the RLM-RS resource(s).
Impact on RLM 
Hypothetical BLER estimation is evaluated for each RLM-RS resource to check whether they fulfilled the IS or OOS BLER threshold during the evaluation period. Due to missing RLM-RS resource within the evaluation period, the hypothetical BLER estimation for a RLM-RS resource will be not be accurate as it is affected by the missing RLM-RS resource samples (accuracy is affected due to less samples (if missing sample is detectable) or measurements are corrupted by the missing samples (if missing sample is not detectable) and may result in wrong assessment, e.g. due to wrong assessment, UE evaluates an OOS even when the UE might be in the coverage of that RLM-RS resource. On the other hand, not considering missing RLM–RS resource may result in unacceptable delays in declaring OOS or retracting from OOS, if the UE L1 will not indicate OOS or IS when it cannot detect any of its configured RLM-RS resources during the evaluation period.
In order to reduce the performance degradation of missing RLM RS resource or samples due to LBT, the following options can be followed in L1:
1. During the evaluation period, the IS and OOS evaluation of RLM-RS resource should take into consideration of missing RLM-RS resource samples.  The followings are ways to take missing RLM-RS resource samples into consideration during the evaluation period:
· If missing RLM-RS resource samples can be detected by L1 (e.g. by energy detection or new BLER threshold for missing RS), the evaluation for the configured RLM-RS resource will not consider those samples in the evaluation. 
· Alternatively, instead of skipping, the evaluation should still consider those samples but provide some weightage to the missing sample. This can be discussed in RAN4 whether these alternatives can be considered.
2. During the IS and OOS assessment, if missing RLM-RS resource/samples can be detected (e.g. by energy detection or new BLER threshold for missing RS), the L1 do not consider those RLM-RS resource where samples are missing in the IS and OOS assessment. This means that the L1 may not provide IS or OOS indication if it is not able to. 
· Alternative is to introduce a new assessment criteria based on missing RLM-RS resource. This can be done by, e.g. 
· Assessing the number of configured RLM-RS resources affected by missing RLM-RS resource sample; if it is above a certain number (configured threshold), the L1 also sends missing RS indication to RRC
· RRC counts the number of consecutive of such missing RS indication and can use it either with or without considering the number of IS indications and OOS indications to declare RLF for Pcell/PSCell and perform re-establishment or initiate a report to network which can be used by the network to change the BWP of the PCell/PSCell or even change the Pcell/PSCell.
3. Increase the periodicity of a configured RLM-RS resource. This will give more samples within the IS/OOS evaluation period for a RLM-RS resource. 
4. Increase the number of configured RLM resources. This will reduce the probability of declaring OOS since the declaring of OOS depends on all configured RLM-RS resource above the configured BLER threshold.
The above Options 3 and 4 can be applied regardless of whether Option 1 and/or 2 is adopted
Possible RAN2 impact
Based on the possible options of handling the missing RLM-RS resource, the following observations can be made:
· Option 1: If the missing RLM-RS resource samples are taken into consideration during the evaluation period, RAN4 needs to decide whether it is possible for the UE to still meet the minimum requirement for IS and OOS evaluation as well as for triggering the L1 indication
· Option 2: It depends on whether it is possible for L1 to reliably detect missing RLM-RS resource samples. In this case, RAN1 needs to first provide feedback whether detection of missing RLM-RS resource samples are feasible.
· Option 3 and 4: It depends on how the RLM RS resource are designed in RAN1 for NR-u. In last RAN1 meeting, RAN1 had agreed to the following on the configuration of RLM-RS resource:
· It is considered beneficial to configure DMTC(s) (DRS Measurement Time Configuration) in which UEs can perform measurements.
· DRS-based RLM for unlicensed SpCell is performed inside the DMTC(s)
· RLM DMTC may coincide with DRS transmission window
· CSI-RS-based RLM may be performed outside of DMTC(s) 
If the RLM DMTC is periodic in nature, the periodicity of the configured RLM-RS resource can be increased with the periodicity of the DMTC. Outside of the DMTC, it depends on how the configuration of the CSI-RS based RLM can be configured in the RAN1 design and this may allow for more RLM-RS resources. From RAN2 point of view, it will just be configuring with RRC configuration based on the RLM-RS resource configuration for NR-u
From the above observations, all the options required either RAN1 input or RAN4 input. Hence, from RAN2 point of view, RAN2 should wait for more input from RAN1 and RAN4 related to RLM/RLF.
Proposal: RAN2 should wait for more input from RAN1 and RAN4 related to RLM/RLF.
Conclusion and proposals
In this contribution, the following options of improving the RLM/RLF was discussed:
1. Consider the missing RLM-RS resource/samples during the evaluation period for IS and OOS
2. Consider the missing RLM-RS resource/samples during the IS and OOS indication assessment 
3. Increase the periodicity of a configured RLM-RS resource
4. Increase the number of configured RLM resources 
The observations are:
· Option 1: If the missing RLM-RS resource samples are taken into consideration during the evaluation period, RAN4 needs to decide whether it is possible for the UE to still meet the minimum requirement for IS and OOS evaluation as well as for triggering the L1 indication
· Option 2: It depends on whether it is possible for L1 to reliably detect missing RLM-RS resource samples. In this case, RAN1 needs to first provide feedback whether detection of missing RLM-RS resource samples are feasible.
· Option 3 and 4: It depends on how the RLM RS resource are designed in RAN1 for NR-u. In last RAN1 meeting, RAN1 had agreed to the following on the configuration of RLM-RS resource:
· It is considered beneficial to configure DMTC(s) (DRS Measurement Time Configuration) in which UEs can perform measurements.
· DRS-based RLM for unlicensed SpCell is performed inside the DMTC(s)
· RLM DMTC may coincide with DRS transmission window
· CSI-RS-based RLM may be performed outside of DMTC(s) 
If the RLM DMTC is periodic in nature, the periodicity of the configured RLM-RS resource can be increased with the periodicity of the DMTC. Outside of the DMTC, it depends on how the configuration of the CSI-RS based RLM can be configured in the RAN1 design and this may allow for more RLM-RS resources. From RAN2 point of view, it will just be configuring with RRC configuration based on the RLM-RS resource configuration for NR-u
In view of the above observations, it is proposed:
Proposal: RAN2 could wait for more input from RAN1 and RAN4 related to RLM/RLF.

