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1. Introduction

In last meetings, a lot of agreements with RLM operation [1][2] were made, which were shown in appendix. In this contribution, we discuss the details for configuration of RLM resources based on the agreement in last meeting.
2. RLM-RS resource configuration 
RLM-RS configuration & Relationship with BM-RS

Basically, we have proposed that radio link monitoring is performed independently with beam management because RLM is related to potential channel quality with serving cell while BM is related to channel quality of serving beam. However, regardless of independent RLM operation, we need to take into consideration relationship between beam recovery procedure and radio link failure in some situation, which is given in follows.

Generally, UE declares beam failure as soon as it is determined that serving beams for PDCCH have poor channel quality while UE keeps track of serving beams (for PDCCH and PDSCH) with BM-RS. Immediately after beam failure, UE tries to find a suitable new beam among RSs configured for new candidate beam identification (e.g. SSB, CSI-RS or both SSB and CSI-RS). During the procedure, unless RS for new candidate beam identification and RLM-RS coincides, UE status might be inconsistent between different two layers. That is, regardless of successful detection of a new suitable beam by beam recovery process, if the suitable beam is not included in RLM-RS set, physical layer indicates Out-Of-Sync to RRC layer and UE enters unnecessary RL recovery procedure. On the other hand if the suitable beam is not configured for RS set for new beam identification but configured for RLM-RS, physical layer indicates In-Sync to RRC layer and UE falls into the status in which it cannot communicate with network regardless of possibility of stable channel quality.
Therefore in order to provide efficient UE procedure, it is desirable that RLM-RS resources are shared with RSs configured for new candidate beam identification during beam recovery procedure based on the discussion.

Proposal 1. RLM-RS resources are reused as RSs for new candidate beam identification during beam recovery procedure
The maximum number of configured RLM-RS needs to be considered reflecting UE complexity. However, if it is determined according to UE capability, consistent RLM operation might not be guaranteed. Therefore it is proposed that the maximum value of RLM-RS is predefined in spec, if needed.
Interference measurement resource
As discussed above, reference signal should represent the channel quality of control channel. Usually, channel quality consists of two components : signal and noise including interference. For signal component, it can be estimated from reference signal and compensated by power offset to PDCCH, which is not related with resource position in time and frequency domain. For noise component, it should be estimated in the PDCCH transmission region (CORESET) in order to measure the channel quality representing PDCCH performance. In LTE system, resource elements for C-RS are used for noise power measurement by subtracting channel components from received signal. For measuring noise power within CORESET in NR system, two candidates can be taken into consideration.

· ZP-CSI-RS : In LTE system, ZP-CSI-RS is configured for measuring noise power or spatial statistics. In NR system, same concept could be adopted for RLM and it might be cell-specifically configured in order assist a UE in idle mode to receive NR-PDCCH.

· DM-RS within CORESET : In NR system, CORESET for NR-PDCCH transmission would include DM-RS because C-RS is not defined. Like LTE system, resource elements for DM-RS within CORESET can be used for noise power measurement by subtracting channel components from received signal. However, it is not guaranteed that resource elements within CORESET are used for transmission of only PDCCH. For example, when gNodeB tries to transmit PDSCH over multi slot without any scheduling information or when gNodeB schedules only mini-slot PDSCHs over a whole slot for urgent transmission, resource elements in CORESET can be used as resources for transmission of PDSCH. In this case, if UE measures noise power in CORESET without any prior information of this, high level of noise power is estimated regardless of real channel quality. Therefore, some resource elements need to be reserved for noise power measurement of RLM, and resource elements for DM-RS within CORESET can be adopted as a candidate for the reserved resource so that resource elements for DM-RS could be always used for noise power measurement regardless of which channel transmission the REs are used for. 

Proposal 2. Reference signal for noise power measurement within CORESET(s) should be defined for monitoring channel quality representing control channel performance and following candidates can be considered.

· Option 1. ZP-CSI-RS within CORESET is configured for noise power measurement

· Option 2. Some REs (e.g. DM-RS REs) within CORESET are reserved and not used for transmission of other channels (e.g. some REs within CORESET is nulled in case of transmission of NR-PDSCH).

3. Conclusion
In this contribution, it is discussed about resource configuration of RLM-RS and RLM operation, and we provide the following proposals.
Proposal 1. RLM-RS resources are reused as RSs for new candidate beam identification during beam recovery procedure
Proposal 2. Reference signal for noise power measurement within CORESET(s) should be defined for monitoring channel quality representing control channel performance and following candidates can be considered.

· Option 1. ZP-CSI-RS within CORESET is configured for noise power measurement

· Option 2. Some REs (e.g. DM-RS REs) within CORESET are reserved and not used for transmission of other channels (e.g. some REs within CORESET is nulled in case of transmission of NR-PDSCH).
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5. Appendix
3GPP RAN1 #90

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 configuraiotn 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
3GPP RAN1 NR AH#3
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 configuraiotn 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

