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1. Introduction

At the last RAN1 meeting, RAN1 made following agreements and conclusion related to radio link monitoring (RLM) and radio link failure (RLF) [1].
	Conclusions:

· No RRC configuration involvement in determining whether or not QCL of RLM-RSs in two or more different BWPs of the Pcell/PScell is assumed by the UE
· Discuss further offline whehther QCL is always assumed or no-QCL is always assumed – (to be further discussed till next meeting)

Agreements:

· Agree the following TP:

========== Start of Text proposal for TS38.213 section 5 =========

A UE can be configured for each SpCell [11, TS 38.321] with a set of resource indexes for radio link monitoring by higher layer parameter RLM-RS-List. The UE is provided by higher layer parameter RLM-RS an association between a resource index, from the set of resource indexes, with either a CSI-RS resource configuration or a SS/PBCH block. For a CSI-RS resource configuration, the UE is provided a corresponding index by higher layer parameter RLM-CSIRS. The higher layer parameters CSI-IM-RE-pattern, CSI-IM-Resource, CSI-IM-ResourceId, CSI-IM-timeConfig, CSI-IM-FreqBand, CSI-IM-ResourceMapping, CDM-pattern, Pc, and Pc_SS in the CSI-RS configuration are not applicable. A two port CSI-RS configuration is not applicable for RLM. In CSI-RS resource configuration, only ‘No CDM’ is allowed for higher layer parameter CDM-Type, only ‘1’ and ‘3’ are allowed for higher layer parameter density, and only ‘1 port’ is allowed for higher layer parameter nrofPorts.  For a SS/PBCH block, the UE is provided a corresponding index by higher layer parameter RLM-SSB. 

========== End of Text proposal  =========


In this contribution, we discuss the remaining issues on RLM-RS configuration and relationship between RLM and beam failure recovery. 
2. QCL configuration for RLM-RS

At the last RAN1 meeting, it was concluded that no RRC configuration involvement in determining whether or not QCL of RLM-RSs in two or more different BWPs of the PCell/PScell is assumed by the UE. But it is still under discussion whether QCL is always assumed or no-QCL is always assumed. If CSI-RS located in different BWPs and corresponding to the same transmission beam can be configured with spatial QCL, indeed it has some benefits to simplify the measurement or improve measurement accuracy. However, without RRC signaling configuration, UE should not assume QCL of RLM-RSs in different BWPs of the PCell/PScell to avoid configuration restriction of different BWPs.

 Proposal 1:

· UE always assumes no-QCL of RLM-RSs in two or more different BWPs of the PCell/PScell.
3. Relationship between RLM-RSs and serving PDCCH beams 
The RLM-RS resources are UE-specifically configured by RRC signaling. RLM on the configured RLM-RS resources is supposed to be able to reflect the quality of serving PDCCH. Even though RLM-RS configuration seems to be an implementation issue, some clarification on the relationship between RLM-RS and serving PDCCH beam is needed in order to avoid improper RLF declaration.

It is beneficial if configured RLM-RSs include SSB or CSI-RS resource which is QCLed with the serving PDCCH. Because in that case, IS/OOS indication based on configured RLM-RSs can reflect UE control channel quality well. For CONNECTED UE, the serving PDCCH beam is indicated by RRC only or RRC with MAC CE signaling. Therefore, if serving PDCCH beam is indicated by RRC only, RLM-RS configuration should include SSB or CSI-RS resource which is QCLed with the serving PDCCH beam. If MAC CE is used to activate TCI state for serving PDCCH beam, the RLM-RS configuration should also be updated to include SSB or CSI-RS resource which is QCLed with the newly activated serving PDCCH beam if it is not included in the original RLM-RS resources. For example, maximum 64 candidate TCI states can be configured per CORESET by RRC signaling. MAC CE can be used to activate 1 TCI state per CORESET. However, for RLM, at most 8 RLM-RS resources can be configured by RRC signaling, which may not include the activated TCI state per CORESET. To make the RLM-RS reflecting Tx beam for PDCCH transmission, if the latest activated TCI state per CORESET are not included in RLM-RS configuration, it is suggested to re-configure RLM-RS configuration to include the activated TCI state per CORESET. It is up to NW implementation to decide the other updated RLM-RS resources, e.g., based on L1-RSRP reporting, or the latest activated TCI state during past period, etc.
Proposal 2:

· RLM-RS configuration should be updated by NW to include at least the latest activated TCI state i.e., indicated SSB/CSI-RS resource for PDCCH monitoring.
4. Relationship between RLM and beam failure recovery 
In the previous RAN1 meetings, aperiodic IS/OOS indication and relationship between RLM and beam failure recovery were discussed. To ensure the consistence between RLF and beam failure recovery, the use of aperiodic IS/OOS indications based on beam failure recovery procedure can be considered to assist the RLF procedure. There are three sub-options for aperiodic indication(s) based on beam recovery procedure. 

In Option 1, only aperiodic IS indication is provided based on beam recovery success. The aperiodic IS indication means that there is at least one available PDCCH beam for the UE, and thus the indication would be beneficial to stop/reset T310 timer so as to avoid unnecessary RLF declaration. On the other hand, just stopping/resetting T310 timer may be too aggressive in some cases, for example, if only one narrow beam is identified in beam recovery procedure.

In Option 2, only aperiodic OOS indication is provided based on beam recovery failure. However, it may be difficult to specify the proper UE behavior for the aperiodic OOS indication as it may not mean that there is no available PDCCH beam at all for the UE. For example, if the configured RS resource(s) for new candidate beam monitoring is a subset of all available beams for PDCCH transmission, there may still exist possible PDCCH beam for the UE even in case of beam recovery failure.

In Option 3, both aperiodic IS and aperiodic OOS indications are provided based on beam recovery success or failure.
For the three options, as the meaning of beam recovery success/failure (especially beam recovery failure) depends on beam recovery configuration, it may be difficult to specify a single UE behavior when beam recovery success/failure happens. In addition, whether this one aperiodic IS/OOS indication has small or large impact on RLM/RLF procedure depends on how to count it and its relationship with N311/N310 values, which can be decided by RAN2. In order to achieve flexible beam recovery configuration, whether aperiodic IS based on beam recovery success or aperiodic OOS based on beam recovery failure is applied or not can be configurable by gNB. However, considering the limited time for Rel-15, we suggest supporting such configurability for Rel-15 June version or even Rel-16. In addition, in order to make one aperiodic IS/OOS indication have proper impact on RLM/RLF procedure, how to utilize the aperiodic IS/OOS indication can be also configurable if multiple UE behaviors, i.e., different implications of aperiodic IS/OOS indication in terms of RLM procedure, are defined. 

Proposal 3:
· NR supports to configure whether aperiodic IS indication based on beam recovery success and/or aperiodic OOS indication based on beam recovery failure is/are applied to RLM procedure or not.
5. Conclusion 

In this contribution, we discussed the remaining issues on RLM-RS configuration and relationship between RLM and beam failure recovery.  Based on the discussion, we made following proposals.
Proposal 1:

· UE always assumes no-QCL of RLM-RSs in two or more different BWPs of the PCell/PScell.
Proposal 2:

· RLM-RS configuration should be updated by NW to include at least the latest activated TCI state i.e., indicated SSB/CSI-RS resource for PDCCH monitoring.
Proposal 3:

· NR supports to configure whether aperiodic IS indication based on beam recovery success and/or aperiodic OOS indication based on beam recovery failure is/are applied to RLM procedure or not.
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