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1. Introduction

At the RAN1 NR-AH#3 meeting, RAN1 made following agreements related to radio link monitoring (RLM) and radio link failure (RLF) [1].
	Agreements:
· For a cell group, 

· A single IS or OOS is reported by the UE 

· A single IS BLER is configured for a UE at time

· A single OOS BLER is configured for a UE at a time

· Configurable from two pairs of values for IS/OOS BLERs

· Detailed pair of values up to RAN4 to decide

· FFS whether the configuration is an explicit RRC configuration or implicitly derived from other parameter

· FFS the case of URLLC & mMTC

· Send an LS to RAN4 capturing the above agreements, and also add:

· For the two pairs of values for IS/OOS BLERs, RAN1 discussed use cases such as VoIP vs. eMBB.

· LS to be drafted by Tomoya (DCM) in R1-1716862, which is agreed in R1-1716917
Agreements:
· When UE is configured to perform RLM on one or multiple RLM-RS resource(s),

· Periodic IS is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on at least Y=1 RLM-RS resource among all configured X RLM-RS resource(s) is above Q_in threshold
· FFS the interference measurement resource related to the estimated link quality crresponding to the hypothetical PDCCH BLER
Agreements:
· RLM-RS is undefined until explicitly/implicitly configured.

· Note: This implies that the network needs to configure the RLM-RS for UE to perform RLM

Agreements:
· When SS blocks are used as RLM-RS

· A set of SS blocks are explicitly configured by RRC

· When CSI-RS is used as RLM-RS
· a set of CSI-RS resources are explicitly configured as RLM RS by RRC

· FFS whether a subset of CSI-RS resources configured for P1 BM is configured as RLM-RS


In this contribution, we discuss on the RLM-RS configuration, in-sync (IS) BLER and out-of-sync (OOS) BLER configuration, and the relationship between RLM and beam failure recovery procedure. 
2. Discussion on RLM-RS configuration
At the last RAN1 meeting, it was agreed that RLM-RS is undefined until explicitly/implicitly configured. It implies that the network needs to configure the RLM-RS for UE to perform RLM. Explicit configuration of SS/PBCH block or CSI-RS for RLM could be used. However, it is still FFS whether a subset of CSI-RS resources configured for P1 BM is configured as RLM-RS. As the CSI-RS for beam management could have some property required for RLM such as sufficiently short periodicity and reflecting NR-PDCCH link quality, the CSI-RS for RLM could be based on CSI-RS configuration for beam management. Since UE needs to perform RRC reestablishment or cell reselection after RLF, we think that UE should be careful to declare RLF. Too early RLF just based on monitoring a subset of available beams at the serving cell should be avoided when UE may be able to restore the connection/synchronization with the serving cell. If a subset of CSI-RS resources for beam management is configured as RLM-RS, unnecessary RLF may be declared based on the subset of CSI-RS resources even though there may be other available beams. On the other hand, if the same set of CSI-RS resources for beam management is configured as RLM-RS, there would be a consistent behaviour of RLM and BM, and too early RLF can be avoided when sufficient number of CSI-RS resources, i.e., beams are configured for BM. If a superset of CSI-RS resources for beam management can be configured as RLM-RS, too early RLF can be avoided.
Proposal 1: RAN1 down-selects from the two options for CSI-RS based RLM-RS configuration for the case where both CSI-RS based beam management and CSI-RS base RLM are configured to UE.
· Option 1: The same set of CSI-RS resources for beam management is configured as RLM-RS 
· Option 2: A superset of CSI-RS resources for beam management is configured as RLM-RS
At the last RAN1 meeting, the resources for interference measurement were also discussed. In [2], we discussed the resources for interference measurement for RS-SINR based on SS block and CSI-RS. For SS-SINR measurement, configurable resources for interference measurement should be supported at least for CONNECTED UE. For CSI-SINR measurement, interference can be measured on the symbols/REs that carry CSI-RS configured for CSI-RSRP measurements within the configured measurement bandwidth. NR may also support configurable interference measurement resource associated with each CSI-RS in order to measure more realistic interference condition in some cases. Generally speaking, the resources configuration method or resource definition for interference measurement for RLM could be the same as that for such interference measurement for RS-SINR. In addition, the signal and interference measurements for a given CORESET should be performed using the same Rx beam.
Proposal 2: The resource configuration method or resource definition for interference measurement for RLM should be the same as that for interference measurement for RS-SINR measurement.
3. Discussion on IS BLER and OOS BLER configuration
In LTE, the CRS of the primary cell is monitored by the UE for the purpose of indicating IS/OOS status to higher layers. UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin. The thresholds are related to block error rate (BLER) of a hypothetical PDCCH transmission from serving cell. Specifically, Qout corresponds to 10% BLER while Qin corresponds to 2% BLER of a hypothetical PDCCH transmission.
At the last RAN1 meeting, it was agreed that a single IS BLER and a single OOS BLER is configured for a UE at a time. We think that explicit RRC configuration of IS/OOS BLER values could be used. Implicit derivation from other parameter may be restrictive.
Proposal 3: NR supports explicit configuration of IS/OOS BLER values for a UE. 

4. Discussion on relationship between RLM and beam recovery procedure
In single beam scenario, beam failure detection and recovery mechanism may not be necessary/available, and the condition for periodic IS/OOS indication would be based only on L3 RLM result. In multi-beam scenario, the relationship between L3 RLM/RLF and L1 beam failure detection/recovery should be discussed. At the previous RAN1 meetings, companies discussed the possibility of providing aperiodic IS/OOS indication based on beam recovery success/failure. The periodic/aperiodic OOS indication based on beam failure detection was also discussed, but it is not preferred as it would lead to unnecessary RLF without the consideration of beam recovery result. Based on the current status, following options can be considered and further discussed. 
· Option 1: Independent RLM/RLF and beam recovery procedure
In this option, beam recovery and RLM/RLF are performed separately. Beam recovery is totally transparent to higher layer and will provide no indication to L3. It is simple, but the beam recovery procedure could not assist RLF procedure for appropriately faster/slower RLF declaration. In this option, parameters setting should be carefully designed so that RLF is not declared when L1 beam recovery mechanism can solve beam misalignment issue within a certain time duration.
· Option 2: Aperiodic indication(s) based on beam recovery procedure
There are three sub-options for aperiodic indication(s) based on beam recovery procedure. 
In Option 2-1, 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 2-2, 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 2-3, 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 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. In addition, 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 4: 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 RLM-RS configuration, in-sync BLER and out-of-sync BLER configuration, and the relationship between RLM and beam failure recovery. Based on the discussion, we made following proposals. 
Proposal 1: RAN1 down-selects from the two options for CSI-RS based RLM-RS configuration for the case where both CSI-RS based beam management and CSI-RS base RLM are configured to UE.

· Option 1: The same set of CSI-RS resources for beam management is configured as RLM-RS 
· Option 2: A superset of CSI-RS resources for beam management is configured as RLM-RS
Proposal 2: The resource configuration method or resource definition for interference measurement for RLM should be the same as that for interference measurement for RS-SINR measurement.
Proposal 3: NR supports explicit configuration of IS/OOS BLER values for a UE. 

Proposal 4: 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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