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1. Introduction

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

· Further clarification of RAN2 agreement (will require additional physical layer text proposals):

· Working assumption: If the TCI-states refer to CSI-RS for tracking, it is up to UE to select a NZP-CSI-RS resource from the configured resources for CSI-RS for tracking for RLM

· FFS on the UE behavior when TCI-states indicate a combination of SSB, CSI-RS, and CSI-RS for tracking

Conclusion:

· It is RAN1 understanding that each CSI-RS resource can be configured with QCL-info independently, and in general UE may not assume that different reference signals have QCL relationship unless configured. No further clarification is needed on the QCL assumption for RLM-RSs.


In this contribution, we discuss the remaining issues on RLM-RS configuration and relationship between RLM and beam failure recovery. 
2. Relationship between RLM-RSs and serving PDCCH beams 
At the last RAN2 meeting, it was agreed that if no RSs are provided in the list at all (neither for Cell- nor for Beam-RLM), the UE performs Cell-RLM based on TCI-State of PDCCH. RAN1 made some further clarification based on RAN2’s agreement. First, the working assumption made in last RAN1 meeting should be confirmed, i.e., if the TCI-states refer to CSI-RS for tracking, it is up to UE to select a NZP-CSI-RS resource from the configured resources for CSI-RS for tracking for RLM. Regarding the FFS on the UE behavior when TCI-states indicate a combination of SSB, CSI-RS, and CSI-RS for tracking, the QCL type in TCI-states should also be considered. If QCL type D is indicated by one or multiple RS of SSB, CSI-RS, and CSI-RS for tracking, UE uses all the RS(s) indicating QCL type D for RLM. For example, if SSB indicates QCL type D, while other RS indicates the other QCL type, UE uses this SSB for RLM. If SSB, CSI-RS, and CSI-RS for tracking indicate QCL type D, UE uses SSB, CSI-RS, and a NZP-CSI-RS resource from the CSI-RS for tracking for RLM. On the other hand, if QCL type D is not indicated by any RS of SSB, CSI-RS, and CSI-RS for tracking, UE uses all the RS(s) for RLM. For example, UE uses SSB, CSI-RS, and a NZP-CSI-RS resource from the CSI-RS for tracking for RLM.
When RLM-RS resources are UE-specifically configured by RRC signaling, 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. RLM on the configured RLM-RS resources should be able to reflect the quality of serving PDCCH. Hence, it is reasonable that configured RLM-RSs include SSB or CSI-RS resource which is QCLed with the serving PDCCH. 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 1
· In case of no explicit RLM-RS configuration, when TCI-states indicate a combination of SSB, CSI-RS, and CSI-RS for tracking, UE RLM behavior is as follows.

· If QCL type D is indicated by one or multiple RS of SSB, CSI-RS, and CSI-RS for tracking, UE uses all the RS(s) indicating QCL type D for RLM.
· If QCL type D is not indicated by any RS of SSB, CSI-RS, and CSI-RS for tracking, UE uses all the RS(s) for RLM.
· In case of explicit RLM-RS configuration, the 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.
3. 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. In RAN2#101bis meeting, following agreements were made regarding this issue.
Agreements:

1:
No aperiodic indication of a successful beam recovery will be reported to RRC.

2:
BFR failure will result in a RACH failure reported to RRC and will trigger RRC to perform either re-establishment or SCG failure. This is already the behaviour according to the current MAC and RRC specs (nothing extra to specify)

Based on RAN2 agreements above, no aperiodic IS or OOS indication based on successful/unsuccessful beam failure recovery will be supported in Rel-15. However, further discussion and enhancement can be considered towards Rel-16. In Rel-16, there may be more interpretation possibilities of beam failure success/failure (especially for beam recovery failure) depending on beam recovery configuration, and thus configurable IS or OOS indication based on successful/unsuccessful beam failure recovery can be further discussed in Rel-16.
Proposal 2
· No aperiodic IS or OOS indication based on successful/unsuccessful beam failure recovery is supported in Rel-15. Further enhancement can be considered in Rel-16.

4. Multiplexing of CSI-RS and SSB for RLM

At the last RAN1 meeting, some companies discussed UE behaviors related to multiplexing of physical channels and RS with and without spatial QCL relationships in RRM and RLM sections. But those discussion seems to be duplicated as MIMO section already discussed the agenda of ‘Multiplexing of different types of RSs’ in previous RAN1 meetings. In addition, RAN4 also had some discussion on scheduling restrictions and concluded on UE behavior regarding transmission and reception of PUSCH and PDSCH, respectively, during the reception of SSB for RRM measurements. RAN4 will continue to discuss scheduling restriction during SSB/CSI-RS based RLM/BM as well as CSI-RS based RRM measurement. Therefore, it is suggested to let RAN4 discuss this issue. 
 Proposal 3
· Let RAN4 discuss scheduling restriction during SSB/CSI-RS based RLM as well as CSI-RS based RRM measurement.
5. Non-cell defining SSB for RLM

For a wideband carrier, there may be multiple SSBs on different frequency locations from a cell for a UE. As UE should not assume QCL of SSBs on different frequency location for a cell, UE should not assume QCL between SSBs configured for different BWPs when SSBs configured for different BWPs are on different frequency location. Since RLM-RS configuration per BWP was introduced to cover the case where RLM-RSs for a BWP are outside of another BWP, above case, i.e., SSBs configured as RLM-RSs for different BWPs are on different frequency location, should be supported. Therefore, if such case is supported, indicating SSB-RLM frequency location for each BWP should be supported. Otherwise, if only one SSB frequency location is allowed for RLM, SSB frequency location indication is not necessary and SSB frequency location indicated in ServingCellConfigCommon should be referred for RLM. It should be noted that since non-cell defining SSB is defined as SSB which does not have associated RMSI, non-cell defining SSB can be configured as RLM-RS in both of above cases. 
 Proposal 4
· Non-cell defining SSB can be configured for RLM.
· UE is not expected to be configured with more than one SSB frequency location for RLM for a BWP.

· RAN1 should down-select from following alternatives.
· Alt.1: indicating SSB-RLM frequency location for each BWP is supported.
· In this alternative, SSBs on different frequency locations can be configured as RLM-RS for different BWPs.
· Alt.2: SSB-RLM frequency location is determined by SSB frequency location indicated in ServingCellConfigCommon (frequencyInfoDL).
· In this alternative, SSBs only on specific frequency location can be configured as RLM-RS. If there is a BWP which does not contain the SSBs within its bandwidth, CSI-RS within the BWP needs to be configured as RLM-RS for the BWP.
6. C-DRX and RLM-RS transmission

RRM section discussed C-DRX UE’s assumption on CSI-RS reception for L3 mobility [2]. Similar discussion may be needed for RLM. Based on specification in TS 38.213, in DRX mode operation, the physical layer in the UE shall assess once per indication period the radio link quality, evaluated over the previous time period against thresholds (Qout and Qin). The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and the DRX period. 

Hence, based on current specification, UE will perform RLM every indication period, e.g., every DRX period in case DRX period is longer than RLM-RS periodicity. If CSI-RS is always present in every active time with DRX period, UE can assess the radio link quality without assuming RLM-RS outside active time. However, if CSI-RS is not always present in every active time with DRX period, UE needs to perform RLM outside active time so that assessment once per DRX period is ensured. Therefore, if C-DRX UE does not assume the configured CSI-RS resources for RLM are present outside the active time, there should be at least one CSI-RS resource for RLM-RS per active time, which has negative impact on NW configuration complexity and flexibility. Based on analysis above, it is suggested that UE in DRX can assume that a CSI-RS resource used for radio link monitoring is present outside the active time.
 Proposal 5
· UE in DRX can assume that a CSI-RS resource used for radio link monitoring is present outside the active time.
7. 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
· In case of no explicit RLM-RS configuration, when TCI-states indicate a combination of SSB, CSI-RS, and CSI-RS for tracking, UE RLM behavior is as follows.

· If QCL type D is indicated by one or multiple RS of SSB, CSI-RS, and CSI-RS for tracking, UE uses all the RS(s) indicating QCL type D for RLM.
· If QCL type D is not indicated by any RS of SSB, CSI-RS, and CSI-RS for tracking, UE uses all the RS(s) for RLM.
· In case of explicit RLM-RS configuration, the 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 2
· No aperiodic IS or OOS indication based on successful/unsuccessful beam failure recovery is supported in Rel-15. Further enhancement can be considered in Rel-16.

Proposal 3
· Let RAN4 discuss scheduling restriction during SSB/CSI-RS based RLM as well as CSI-RS based RRM measurement.
Proposal 4
· Non-cell defining SSB can be configured for RLM.
· UE is not expected to be configured with more than one SSB frequency location for RLM for a BWP.

· RAN1 should down-select from following alternatives.
· Alt.1: indicating SSB-RLM frequency location for each BWP is supported.
· In this alternative, SSBs on different frequency locations can be configured as RLM-RS for different BWPs.
· Alt.2: SSB-RLM frequency location is determined by SSB frequency location indicated in ServingCellConfigCommon (frequencyInfoDL).
· In this alternative, SSBs only on specific frequency location can be configured as RLM-RS. If there is a BWP which does not contain the SSBs within its bandwidth, CSI-RS within the BWP needs to be configured as RLM-RS for the BWP.
Proposal 5
· UE in DRX can assume that a CSI-RS resource used for radio link monitoring is present outside the active time.
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