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Introduction
A work item has been approved for ‘New Radio’ (NR) Access Technology [1] targeted to enable future cellular network deployment scenarios and applications building upon the features identified and evaluated during the NR study item phase [2]. This contribution discusses the procedure for Radio link monitoring (RLM), taking into account the beam-based nature of NR, especially beam failure (BF) events resulting from blockage events that could be experienced by UEs in mmWave channels.

Radio Link Monitoring RS (RLM-RS)
During RAN1 NR Adhoc #3 the following agreements were made regarding the RS(s) used for 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 order to accurately determine the IS and OOS status at the UE, the RLM metric (e.g. hypothetical PDCCH performance) should be computed on a per-beam basis (e.g. not utilizing a cell-quality metric) only for the beams which the UE is capable of monitoring for ongoing PDCCH/PDSCH transmissions. As a result, the set of resource(s) and RS(s) used for RLM may not be from the set as those configured for beam failure detection. In the case of SS/PBCH block based RLM, the RLM-RS resources should be UE-specifically RRC configured using a bitmap with the length of the maximum number of SS Blocks for the given frequency band. In case of CSI-RS based RLM the RLM-RS resources should be based on the same set of beams which are monitored for the purpose of beam recovery. 
Proposal 1: In case of SS/PBCH block based RLM, the RLM-RS resources are UE-specifically RRC configured using a bitmap of length L, where L is the maximum number of SS Blocks for the given frequency band.
Proposal 2: In case of CSI-RS based RLM, the RLM-RS resources should be based on the set of CSI-RS configured for beam management.
 

RLM Procedure
During RAN1#90 the following agreements were made regarding the RLM procedure:

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 RLM-RS resource among all configured X RLM-RS resource(s) is above Q_in threshold
· FFS: Y is configurable or fixed, and the value, e.g., Y=1

Agreements:
· Periodic OOS is indicated 
· If the estimated link quality corresponding to hypothetical PDCCH BLER based on all configured X RLM-RS resource(s) is below Q_out threshold
· FFS: The evaluation of OOS takes beam failure recovery procedure into account

In addition, the following agreement has been made in RAN1 NR adhoc #3, regarding periodic IS indication. 
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 corresponding to the hypothetical PDCCH BLER

RAN1 agreed on periodic IS and OOS indications to estimate the link quality corresponding to hypothetical PDCCH BLER based on configured RLM-RS resources. This is further illustrated in Figure 1, whereas RLM-RS resources are used to trigger the RLF procedure. In addition to periodic IS and OOS indications, RAN1 should still strive to assist the RLF procedure through aperiodic indications based on the beam failure recovery procedure as shown in Figure 1, in the dashed lines connecting beam failure and the RLM procedure.  For example an out-of-sync indication may be triggered once all the serving/monitored beams of the UE have experienced beam failure for a configured number of consecutive intervals, while an in-sync indication may be triggered (aperiodically) once one or more of the beams are restored as part of a beam recovery procedure.
Proposal 3: The use of aperiodic out-of-sync and in-sync indications based on beam failure recovery procedure should be further considered to assist the RLF procedure.

Aperiodic IS/OSS indications may be provided based on the outcome of beam recovery procedures if a different RS is used for RLM and beam management. The utilization of such indications could be still possible even if different RS are utilized since the network can control the timing of the RS and the beamforming associated with each RS (e.g. the same wide or narrow beams). However, this is more of an implementation consideration and depending on the network configuration or deployment scenario should be configurable.
Proposal 4: The use of aperiodic out-of-sync indications based on a beam failure recovery procedure (using the same or different RS as used for RLM) to assist the RLF procedure should be configurable for a UE.






Figure 1: Beam recovery and RLM/RLF procedures

RLF BLER Thresholds
During RAN1#90 the following agreements were made regarding the use and configuration of BLER thresholds:
Agreements:
• NR supports x in-sync BLERs and x out-of-sync BLERs for a hypothetical PDCCH
• The number of different BLER values x in the range of [1 < x <= 3]
• FFS: One or more in-synch BLER and one or more out-of-synch BLER is configured per UE at a time
• FFS: Default one in-synch BLER and one out-of-synch BLER values are used if not configured.
• FFS: the values of the BLERs of for hypothetical PDCCH corresponding to x In-synch and x out-of-synch thresholds

During RAN1 NR Adhoc #3, the following agreement was further made regarding the configuration of IS/OOS BLER thresholds:
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
The thresholds used for IS and OOS BLERs for hypothetical PDCCH performance are computed based on the beams which the UE is monitoring for ongoing PDCCH/PDSCH transmissions. These can correspond to different control channel resource set (CORESET)s.  
Per the agreement from RAN1 #90 and NR RAN1 NR ad hoc #3, NR chooses from two pairs of values for IS/OOS BLER per cell group. These values can correspond to eMBB and VoIP. The cases for URLLC and mMTC are left for further study. 
Even though the agreement is for two pairs for IS/OOS BLER values, in order to be forward compatible to accommodate more service requirements, RRC signalling should accommodate greater than two pairs of IS/OOS BLER values per cell group. This is further emphasized in our RAN2 companion paper [3].
Proposal 5: In order to be forward compatible, RRC signalling should accommodate greater than two pairs of IS/OOS BLER values per cell group.
As we introduce a limited number of IS/OOS BLER values, to accommodate different service requirements, CORESETs can be grouped into CORESET groups, such that each of the defined IS/OOS BLER value can correspond to one CORESET group. 
Proposal 6: The IS/OOS BLER values correspond to different CORESET groups, grouped per service requirements.
Per the RAN1 NR ad hoc #3 agreement, single IS/OOS BLER values are configured for a UE at a time from two pairs of values. In general, the sets of values from which the single pair of IS/OOS BLER values are configured for the UE to use at a time, correspond to different services. Broadly speaking, in a service scenario, the services being used by a UE may change     dynamically, and the single pair of IS/OOS BLER values that need to be configured for a UE at a time may depend upon the needs of the particular services being used by the UE. Hence, we believe that configuration of the single IS/OOS BLER values for RLM should not be left for implicit derivation but should be explicitly RRC configured to always ensure that the most appropriate pair of IS/OOS BLER values are configured for the UE at a time per the combination of configured services.
Proposal 7: IS/OOS BLER values for RLM should be configured via RRC signalling.

Conclusion

This contribution made the following proposals on RLM-RS and procedure:
Proposal 1: In case of SS/PBCH block based RLM, the RLM-RS resources are UE-specifically RRC configured using a bitmap of length L, where L is the maximum number of SS Blocks for the given frequency band.
Proposal 2: In case of CSI-RS based RLM, the RLM-RS resources should be based on the set of CSI-RS configured for beam	 management.
Proposal 3: The use of aperiodic out-of-sync and in-sync indications based on beam failure recovery procedure should be further considered to assist the RLF procedure.
Proposal 4: The use of aperiodic out-of-sync indications based on a beam failure recovery procedure (using the same or different RS as used for RLM) to assist the RLF procedure should be configurable for a UE.

The following observations and proposals were made regarding the RLF BLER thresholds:
Proposal 5: In order to be forward compatible, RRC signalling should accommodate greater than two pairs of IS/OOS BLER values per cell group.
Proposal 6: The IS/OOS BLER values correspond to different CORESET groups, grouped per service requirements.
Proposal 7: IS/OOS BLER values for RLM should be configured via RRC signalling. 
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