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Introduction
In RAN1 meeting #89, following agreements were made related to NR Radio Link Monitoring [1]: 
	Agreements:
· IS and OOS indications are based on SINR-like metric (e.g., hypothetical PDCCH BLER) as in LTE
· SINR-like metric as in LTE represents whether or not UE can receive PDCCH
· FFS: PDCCH in U-SS and/or PDCCH in C-SS
· RS used to derive SINR-like metric is down selected from following options
· Opt.1: CSI-RS
· Opt.2: DMRS for NR-PDCCH in C-SS
· Opt.3: DMRS for NR-PBCH
· Opt.4: NR-SSS
· Opt.5: RS for time/frequency tracking (if separate RS from above is defined for time/frequency tracking)
· FFS: how many options are used
· RAN1 assumes that single IS or OOS is indicated per reporting instance regardless number of beams available in cell. RAN1 has not concluded whether IS/OOS indications for RLF are per cell or not.
· RAN1 plans to provide at least periodic IS/OOS indications.
· FFS: possibility of additional aperiodic IS indication e.g., based on beam failure recovery mechanism.



SINR-like metric as in LTE is agreed to represent whether or not UE can receive PDCCH. In this contribution, we discuss the reference signal used to derive SINR-like metric for radio link monitoring. 
RS used to derive SINR-like metric
We discuss the following RS to derive SINR-like metric for RLM
· Opt.1: CSI-RS
· Opt.2: DMRS for NR-PDCCH in C-SS
· Opt.3: DMRS for NR-PBCH
· Opt.4: NR-SSS
· Opt.5: RS for time/frequency tracking (if separate RS from above is defined for time/frequency tracking)

The following requirements are considered:
· wide bandwidth operation
· periodic and its availability in time
· whether to represent the serving beam quality, relation to beam failure

Opt.1: CSI-RS
The CSI-RS is a wideband RS and it is available for all UEs, while some UEs scheduled within a certain bandwidth parts may not be able to measure SS blocks, since not all configured bandwidth parts include SS blocks. 
The CSI-RS for beam management could have shorter periodicity than the CSI-RS for L3 mobility, and the former can be QCLed to control channel to represent its quality while the latter may cover the cell coverage with wider beam. Therefore, the CSI-RS for beam management is more suitable than CSI-RS for L3 mobility to derive SINR-like metric for RLM.
Besides, RAN1 already agreed that UE uses CSI-RS for beam failure detection. Re-using CSI-RS has the potential benefit on minimizing UE complexity and avoiding the case where RLF comes early than beam failure.
Observation 1: The CSI-RS for beam management is more suitable than CSI-RS for L3 mobility to derive SINR-like metric for radio link monitoring.

Opt.2: DMRS for NR-PDCCH in C-SS
The DMRS for NR-PDCCH in C-SS is able to directly represent the quality of common control channel, but it may not represent the quality of PDCCH in U-SS. In the other hand, the DMRS is transmitted only when the common DCI or UE-specific DCI is transmitted in the common search space. The transmission of UE-specific DCI is not periodic. The transmission of common DCI could be priodic to schedule system information/paging information/RACH resources, but the periodicity could be long, e.g. 80, 160 ms, and it cannot meet the requirement of the periodicity of layer 1 indication.
Observation 2: DMRS for NR-PDCCH in C-SS cannot represent the quality of NR-PDCCH in U-SS 
Observation 3: The periodicity of DMRS for NR-PDCCH in C-SS could be long. 

Opt.3: DMRS for NR-PBCH and Opt.4: NR-SSS
The DMRS for NR-PBCH and NR-SSS come with SS block and it is always-on and periodic, but the periodicity of SS block could be long, e.g., 160 ms, so that it cannot meet the requirement of the periodicity of layer 1 indication. 
One the other hand, the SS block could be absent for some bandwidth parts, so it is not guaranteed that UE can always have PBCH DMRS/NR-SSS for determining OOS or IS. And with wide band operation, it is also possible that multiple SS blocks are transmitted in the same slots on a wide bandwidth, and the RLM process becomes complicated.
Observation 4: The DMRS for NR-PBCH and NR-SSS could be absent for some bandwidth parts, and its periodicity could be long. With wider band operation, the RLM process becomes complicated if it is based on SS block to derive SINR-like metric.
Moreover, SS block is expected to be transmitted with wider beam than CSI-RS. So it is possible that the beam failure process based on CSI-RS still has not triggered yet, but the RLF has been claimed because the SS block provides a lower metric. In addition, in multiple TRPs deployments, SS blocks from TRPs could be overlapped to provide better quality, and its quality will not represent the quality of PDCCH. 
Observation 5: In multiple TRPs deployment, the quality of SS blocks cannot represent the quality of NR-PDCCH. 
Observation 6: Beam property of SS block could be different from beam property of CSI-RS, so SS block cannot represent the quality of NR-PDCCH.

Besides, the DMRS for NR-PBCH may map to the quality of NR-PBCH, which may not present the quality of PDCCH. On top of this, the power offset on NR-SSS should be signalled to UE to obtain hypothetical PDCCH BLER if the NR-SSS is used for deriving SINR-like metric.
Observation 7: The power offset on NR-SSS should be signalled to UE to obtain hypothetical PDCCH BLER if the NR-SSS is used for deriving SINR-like metric.

Opt.5: RS for time/frequency tracking
If separate RS from above is defined for time/frequency tracking, it may be able to derive the SINR-like metric, because it is expected to be wideband and priodic. However, how the RS is linked to beam is still unclear at this stage. 

Based on the above observations, we prefer the CSI-RS for beam management to derive SINR-like metric for radio link monitoring.
Proposal 1: CSI-RS for beam management is used to derive SINR-like metric for radio link monitoring. 
Conclusion
In this contribution, we have discussed reference signal used to derive SINR-like metric for radio link monitoring. We have the following observations and proposals: 
Observation 1: The CSI-RS for beam management is more suitable than CSI-RS for L3 mobility to derive SINR-like metric for radio link monitoring.
Observation 2: DMRS for NR-PDCCH in C-SS cannot represent the quality of NR-PDCCH in U-SS 
Observation 3: The periodicity of DMRS for NR-PDCCH in C-SS could be long. 
Observation 4: The DMRS for NR-PBCH and NR-SSS could be absent for some bandwidth parts, and its periodicity could be long. With wider band operation, the RLM process becomes complicated if it is based on SS block to derive SINR-like metric.
Observation 5: In multiple TRPs deployment, the quality of SS blocks cannot represent the quality of NR-PDCCH. 
Observation 6: Beam property of SS block could be different from beam property of CSI-RS, so SS block cannot represent the quality of NR-PDCCH.
Observation 7: The power offset on NR-SSS should be signalled to UE to obtain hypothetical PDCCH BLER if the NR-SSS is used for deriving SINR-like metric.
Proposal 1: CSI-RS for beam management is used to derive SINR-like metric for radio link monitoring.
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